33.0 STANDARDS AND SPECIFICATIONS

FOR

GRASSED WATERWAY

Definition
A permanent, designed waterway, shaped, sized, and lined with appropriate vegetation or

structural material used to safely convey stormwater runoff within or away from a
developing area.

Eg pose

To provide for the conveyance of concentrated surface runoff water to a receiving
channel or system without damage from erosion.

Conditions Where Practice Applies

Generally applicable to man-made channels, including roadside ditches and intermittent
natural channels, that are constructed or are modified to accommodate flows generated by
land development. The implementation of this control should come only after a channel
adequacy analysis for capacity and velocity has been performed. The measure should be
installed and stabilized prior to the introduction of post-development flows. This practice
is not generally applicable to continuous flowing natural streams. Major streams need
full design considerations and calculations. Provisions for protecting the banks of such
streams are described in 30.0 Channel Stabilization and Rehabilitation Techniques.

Planning Considerations

The design of a channel cross-section and lining is based primarily upon the volume and
velocity of flow expected in the channel. If conditions are appropriate, grass or riprap
channels are preferred over concrete. While concrete channels are efficient and easy to
maintain, they remove runoff so quickly that channel erosion and flooding often result
downstream. Grass or riprap channels reduce this problem by more closely duplicating a
natural system.

Besides the primary design considerations of capacity and velocity, a number of other
important factors should be taken into account when selecting a cross-section and lining.
These factors include land availability, compatibility with land use and surrounding
environment, safety, maintenance requirements, outlet conditions, and soil erodibility
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factor. If the riprap design is chosen, filter fabric must be used to act as a separator and
stabilizer between the stone and the earth.

Cross-section design:

Vee-shaped ditches are generally used where the quantity of water to be handled is
relatively small, such as roadside ditches. A grass or sod lining will suffice where
velocities in the ditch are low. For steeper slopes where high velocities are encountered,
a riprap, concrete or bituminous concrete lining may be appropriate.

Parabolic channels are often used where the quantity of water to be handled is larger and
where space is available for a wide, shallow channel with low velocity flow. Riprap
should be used where higher velocities are expected and where some dissipation of
energy (velocity) is desired. Combinations of grass and riprap are also useful where there
is a continuous low flow in the channel.

Trapezoidal channels are often used where the quantity of water to be carried is large and
conditions require that it be carried at a relatively high velocity. Trapezoidal ditches are
generally lined with concrete or riprap.

* Details 64A and 64B illustrate the various types of cross-sections and channel linings.

Outlet design:

Outlet conditions for all channels must be considered. This is particularly important for
the transition from a man-made lining, such as concrete and riprap, to a vegetated or
nonvegetated lining. Appropriate measures must be taken to dissipate the energy of the
flow to prevent scour of the receiving channel. (See 22.0 Rock Outlet Protection).

Capaci

If channel modifications are necessary, the capacity of the channel must be sufficient to
convey the 15-year frequency design storm (24-hour duration) without overtopping the
banks. If pre-development flooding problems exist, the consequences of flooding are
severe, or drainage systems which convey larger storms converge with the channel in
question, consideration should be given to increasing the capacity beyond the 15-year
frequency storm capacity.

Velocity

Channels should be designed so that the velocity of flow expected from a 2-year
frequency storm shall not exceed the permissible velocity for the type of lining used.

While concrete-lined channels can usually be smaller than grass-lined channels, the
increased velocity will produce more erosion and flooding downstream.

H-33-2
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Grass-lined channels provide good protection against erosion, while they provide an
aesthetic setting for conveyance of runoff. However, the velocities that grass linings can
handle are much lower than those which can be withstood by riprap or concrete-lined
channels. For grass linings, the type of vegetation chosen shall be appropriate for the site
conditions: i.e., drainage tolerance, shade tolerance, maintenance requirements, etc. (See
42.0 Vegetative Stabilization). Where there will be a base flow in grass-lined channels, a
stone center, a subsurface drain, or other suitable means to handle the base flow shall be
provided. Detail 64B shows typical cross-sections for stone center channels. Refer to
22.0 Rock Outlet Protection to choose the correct stone size and for filter fabric
specifications. Permissible velocities for grass-lined channels are shown in Table 35.

H-33-3
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DETAIL 64A - TYPICAL WATERWAY CROSS-SECTIDNS

COMPACTED SOIL

=1
M=M=

TYPICAL CONCRETE LINED DITCH TYPICAL GRASS LINED DITCH
TYPICAL VEE CROSS—SECTIONS

FILTER CLOTH NOTE: ALTHOUGH FILTER CLOTH IS
PREFERED, A GRANULAR FILTER MAY BE SUBSTITUTED FOR
FILTER CLOTH. ( FOR PHYSICAL REQUIREMENTS, SEE STD. &
SPEC. 29.1 RIPRAP)
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SECTION A-A
TRAPEZOINAL WATEEWAY CROSS—SECTIONS

US. DEPARTMENT DOF AGRICULTURE PAGE WATERSHED PROTECTION DIVISION
NATURAL RESOURCE CONSERVATION SERVICE H-33-4 DISTRICT OF COLUMBIA DEPARTMENT OF HEALTH




DETAIL 64B — STONE LINED WATERWAY

V-SHAPED WATERWAY WITH STONE CENTER DRAIN
ROTI: A GRANULAR FILTER MAY BE SUBSTITUTED FOR FILTER CLOTH

PARABOLIC WATERWAY WITH STONE CENTER DRAIN
NOTE: A GRANULAR FILTER MAY BE SUBSTITUTED FOR FILTER CLOTH.

U.S. DEPARTMENT OF AGRICULTURE PAGE WATERSHED PROTECTION DIVISION
NATURAL RESOURCE CONSERVATION SERVICE H-33-5 DISTRICT OF COLUMBIA DEPARTMENT OF HEALTH




TABLE 35

] PERMISSIBLE VELOCITIES FOR GRASS- D CHANNE

CHANNEL LINING PERMISSIBLE

SLOPE VELOCITY"
Bermudagrass 6 ft./second
Reed

_ Tall fescue 5 ft./second

et ® Kentucky bluegrass
Grass-legume mixture 4 ft./second
Red fescue
Redtop
Sericea lespedeza 2.5 ft./second
Annual lespedeza

Small grains (temporary)

Bermudagrass 5 ft./second
i} Reed canarygrass

S Tall fescue 4 ft./second
Kentucky bluegrass
Grass-legume mixture 3 ft. /second
Bermudagrass 4 ft. /second

Greater than 10%

Reed canarygrass
Tall fescue 3 ft./second
Kentucky bluegrass

* For highly erodible soils, permissible velocities should be decreased by 25%.
An erodibility factor (K) greater than 0.35 would indicate a highly erodible
soil. Erodibility factors (K-factors) for many Virginia soils are listed in
Chapter 6.

Riprap-lined channels can be designed to withstand most flow velocities by choosing a
stable stone size. The procedures for selecting a stable stone size for channels and
installation is contained in 22.0 Rock Outlet Protection. All riprap must be installed with
a filter fabric or gravel (granular) underlining. Transition from a riprap lining to grass
and earth linings must be carefully designed to meet the allowable velocities of each type
of lining.

H-33-6
March 2003



Concrete-lined channels are not usually limited in the velocity they can carry; however, it
should be kept in mind that the flow velocity at the outlet of the paved section must not
exceed the permissible velocity of the receiving channel. See 22.0 Rock Outlet
Protection. Concrete channels shall be at least 4 inches thick and meet all applicable
criteria found in the District of Columbia’s DPW Standard Specifications for Highways
and Structures.

Depth

The design water surface elevation of a channel receiving water from diversions or other
tributary channels shall be equal to or less than the design water surface elevation of the
diversion or other tributary channel at the point of intersection.

The top width of parabolic and vee-shaped, grass-lined channels shall not exceed 30 feet,
and the bottom width of trapezoidal, grass-lined channels shall not exceed 15 feet unless

multiple or divided waterways, riprap center, or other means are provided to control
meandering of low flows.

Qutlet

The outlets of all channels shall be protected from erosion (see 22.0 Rock Outlet
Protection).

Calculations

s Channel dimensions for roadside ditches and median channels shall be determined
in accordance with applicable design procedures

Z Channel dimensions for parabolic, grass-lined channels may be determined from
table 36.
3 There are various computer programs available to assist a designer in designing
channels.
H-33-7
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Construction Specifications

General

1. All trees, brush, stumps, roots, obstructions and other unsuitable material shall be
removed and disposed of properly.

2. The channel shall be excavated or shaped to the proper grade and cross-section.

3 Any fills shall be well compacted to prevent unequal settlement.

4, Any excess soil shall be removed and disposed of properly.

Grass-lined Channels

The method used to establish grass in the ditch or channel will depend upon the severity
of the conditions encountered. The methods available for grass establishment are set
forth in 42.0 Vegetative Stabilization.

Riprap-lined Channels

Riprap shall be installed in accordance with 22.0 Rock Outlet Protection.

Concrete-lined Channels

Concrete-lined channels must be constructed in accordance with the following
specifications:

1<

2,

The subgrade should be moist at the time the concrete is poured.

Traverse joints for crack control should be provided at approximately 20-foot
intervals and when more than 45 minutes elapses between the times of
consecutive concrete placements. All sections should be at least 6 feet long.
Crack control joints may be formed by using a 1/8-inch thick removable template,
by scoring or sawing to a depth of at least 3/4 inch or by an approved "leave in"-

type insert.

Expansion joints shall be installed every 100 feet.

H-33-8
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Maintenance

Grass-lined Channels

During the initial establishment, grass-lined channels should be repaired immediately and
grass re-established if necessary. After grass has become established, the channel should
be checked periodically to determine if the grass is withstanding flow velocities without
damage. If the channel is to be mowed, it should be done in a manner that will not
damage the grass.

Riprap-lined Channels

Riprap-lined channels should be checked periodically to ensure that scour is not
occurring beneath fabric underlining of the riprap layer. The channel should also be
checked to determine that the stones are not dislodged by large flows.

Concrete-lined Channels

Concrete-lined channels should be checked periodically to ensure that there is no
undermining of the channel. Particular attention should be paid to the outlet of the
channel. If scour is occurring at the outlet, appropriate outlet protection shall be
installed. See 22.0 Rock Outlet Protection.

Sediment Deposition

If the channel is below a high sediment-producing area, sediment should be trapped
before it enters the channel. Field experience has demonstrated that many newly
constructed conveyance channels become damaged and require costly repairs as a result
of improper up slope controls. If sediment is deposited in a grass-lined channel, it should
be removed promptly to prevent damage to the grass. Sediment deposited in riprap and
concrete-lined channels should be removed when it reduces the capacity of the channel.

H-33-9
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DESIGN OF PARABOLIC GRASS-LINED CHANNELS

The channel must be designed for capacity and erosion resistance. Capacity will be a
minimum when the grass is long and unmowed. This condition corresponds to V; in
Table 36. Erosion will be most likely to occur when the grass is short. This condition
will correspond to V in Table 36. A design based upon Table 36 will result in a channel
which will have adequate capacity when the vegetation in the channel is long and thick, -
which will remain stable when the vegetation is short or recently mowed, and which will
have adequate freeboard for the design flow.

Use the following procedure to design a grass-lined parabolic channel based upon Tables
35 and 36:

Determine the required channel capacity, O. (Peak rate of runoff for the selected
design storm).
2. Select an appropriate grass lining and note the maximum permissible velocity

(V) from Table 35.

3. Choose the appropriate sheet of Table 36 for the channel slope. Using the
maximum permissible velocity (V ;) and the required flow capacity (Q), read the
top width (T) and the depth (D) for the correct parabolic section.

Example Problem

Design a parabolic waterway to be lined with Kentucky 31-Tall Fescue which will carry
50 cfs on a 3% slope.

Solution:
b Q = 50 cfs (given)
2. Vi = 5 ft./sec. for Kentucky 31-Tall Fescue (from Table 35)

3. From page H-33-20 of Table 36 (for 3% slope): Read the top width (T) and
depth (D) for Q = 50 cfsand V; = 5.0 fps

T = 16.3 feet
D = 1.45 feet
H-33-10
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Table 36
DESIGN TABLES FOR PARABOLIC GRASS-LINED CHANNELS

v, for RETANDANCE "U'. Top Width (T), Dapth (D) sad v, for RETARDANCE "§".
Grade 0.25 Percent

q vy = 2.0 v = 2.5 W = 30 v o= 25 Vi = 4.0 vy = A v, = 5.0 v, = 5.3
1]
T D vy T D v, T ] q» T ] qu 4 ] 1u T ] 4u T ] qu T du qu
15
10
13 11,3 3.27 1,00
0 13.2 )09 1,09
35 15.2 .01 1.1)
40 17.3 2,99 1.13]12.1 361 1,36
45 19.3 2,% 1,18) 13,4 3,49 1.42
0 .4 2,9 L18) 14,7 3,41 1.48
55 23,3 2.92 L.19}16.1 ).38 1.50
60 25.5 .89 Ll.21)17.3 3.5 1.%2
63 7.6 2,89 1,21 18.8 3,30
70 29,7 2,89 1,21 20,2 ),20 3,96 1.681
75 LT 2,87 .23 21,6 )27 3.91 1.06
. 33,8 2.87 1.23) 13,0 1.2¢ 3.%0 1,87
. L 38.0 2,87 1,23 25.8 1.2% J.B0 1,94
100 42,1 2,85 1.264] 28,6 13,23 1 .76 1.9
110 46,3 2,85 1.24]31.4 3,22 l.62 L7 u.nﬂ—
120 50,4 2,84 1,25] 3.1 3,20 1.64 3,73 2,001 17.0 4,47 2,34
1130 34,6 2,85 1.24] 36.9 J.,19 L.64 3,70 2,021 18.3 4,42 2.39
140 58.7 2,84 1,23]39.7 )19 1.65 .68 2.04] 19.6 4,37 2.4)
130 62,9 2.85 1,25 42.5 3,19 1.63) 29.6 J.67 2,06) 20.9 4,33 2.47
1160 67,0 2.84 1,25]45.3 3,18 1,65 1.6 3.68 2,05 22,2 4,30 2.%0
170 TL.1 2.84 1,26 48,1 3,18 1.63) 33,5 13.66 2,07| 23,5 4,27 2.53| 18.5 4.9% 2,76
180 75,3 1.84 1,25] %0.9 3,18 1.66)] 33,4 1.65 2,08] 24.8 4,24 2,35]| 19.5 4,90 2,80
190 79.4 2,84 1.26] 53,7 3,18 1.66) 37.4 3.66 2.07) 26.1 4,22 2,57} 20,5 4,87 2.84
200 8).5 2,84 1.26] 56,5 3,18 L.66| 39,) 1.6% 2.08| 27.5 4,23 2,56 21.5 4,81 2,87
220 91.8 2,84 1,26| 62,1 1,18 1.66] 43,2 1,65 12,08 30,1 4,19 2.60] 23.3 4,77 2.92
2.0 (100,0 2.8) 1,26] 67.6 3,17 1.67] 47.0 3,63 2,10] 32.7 4,15 2.64) 25.3 4&.72 2,97
160 |108,) 2.84 1,26 73.2 3,07 1.67) 30.9 3.6) 2.10{ 35,4 4,15 2.64] 27.5 4.68 3,00 |21.4 5.50 3.29
180 |116.6 2,84 1,26] 78.8 3,17 1.67| 34.8 3,63 2,10 3@8.1 4.l 2.64| 29,5 4.64 3,05] 22,9 5.44 3.3
_uoa 124,0 2,85 1,26] 84.4 3,17 L.67| 38.6 13.62 2,11} 40.8 4,14 2.65) 31.5 4.61 3,08 24.5 5.42 3,37
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Table 36 (Continued)

DESIGN TABLES FOR PARABOLIC GRASS-LINED CHANNELS

Vy for RETARDANCE "D'. Top Width (T), Depth (D) and V, for

Grade 2,0 Parcent

Q Vi = 2.0 V' = 2.9 7. = %0 Vi w3508 Vi = &0 i « 4,5 Vi = 5.0 7 =~ 3.3 V1 = 6.0
cls
T D qu T D <u T ] qn T D ¢u T D ¢u 1y D qu T D qu T D qu T D qu

15 24,7 1,14 0,79] 15.0 1.25 1,18] 11.0 1,40 1,43 7.8 1.3 1,81

20 32,8 L,14 0,79) 20,0 1,25 1.18] 14,5 1L.37 w.aw_ 10,3 1,53 1.88] 7.5 1.71 2,29] 6.3 1.91 2.44

15 41.0 1,16 0,79 24,9 1,24 1,20( 18,1 1,37 1.50 12,7 1,480 1.96] 9.3 1.68 2.36] 7.7 1.82 2.62

30 43,0 1,14 0.80( 29.8 1,26 1.20] 21,6 1.3% 1,52| 15,2 1,48 1,98] 11,0 1,63 2.47] 9.1 1.77 2.76| 7.6 1.97 2,95

33 57.1 L.14 0,80] 34,7 1,26 1,21 25.1 1,35 1.%4| 17.7 1,47 1.99] 12,8 1,62 2.5 10.5 1.73 2.86| 8.8 1.94 3,03 i

40 65.1 1,14 0.80( 39.6 1.24 1,21 28,7 1,35 1,53 20.2 L.,47 2.,00( 14,6 1.62 2.51)12.,0 1,73 2.86| 9.9 1.88 1.1B| 8.2 2.13 3.38

43 73,1 1.16 0,80 44,5 1.24 1,21 32.2 1,33 1.54f 22.6 1,46 2,03| 16.4 1.61 2,52 135 1,73 2.86| 11,1 1.87 3.21| 9.1 2.08 3.%2

50 81,0 1.14 0,81] 49.3 1,24 1,22] 35,7 1.35 1,5% 25.1 1,46 2,03] 18,1 1,59 2.%7| 14,9 1,71 2.92|12.3 1.86 3.24|10.0 2.03 3.64| B.6 2.29 3.76
55 88.9 1.14 0.81) 54,2 L1.24 L,21| 39,2 1,34 1,55 27.6 1.46 2,03] 19,9 1,60 2,57 16.4 1,71 2,90 13,5 1.,8% 3,26 |11.0 2.03 3.65] 9.3 2.21 3.9
60 96,8 1.14 0.81| 59.0 1.24 1,22) 42,7 1,34 1,55 30,0 1,45 2,05 21,7 1.60 2,57| 17.8 1.69 2,9%| 14,7 1.8% 3,28)11.9 2,00 3.74) 10.1 2.19 &.01
63 j104,6 1,14 0.81( 63,8 L.24 1.22| 46,2 1,35 1.5% 32,5 1.46 2,04) 23.4 1,58 2,60( 19,3 1,70 2,94 15.8 1.82 3.36|12.9 2,00 3.73| 10.9 2.18 4.06
70 |112,4 1,14 0,81) 08,6 1.24 1,22 49,7 1,35 1,5 34,9 1,45 2,05 25,2 1,59 2.60]20.7 1.69 2,98)17.0 1,82 3.36]|13.8 1.98 3.81) 11.7 2.16 4.10
75 [120,2 1,14 0,81 73.4 1,24 1,22 53,1 1.3 .56 37.3 1.4% 2,06f 27.0 1,59 2.60( 22,2 1,69 2.96]18.2 1.82 3.37{ 14,8 1.98 3.79| 12.% 2.15 &.l4
80 1127.9 .14 0,82| 78,1 1,24 1,23] 56,6 1,35 1,56/ 39.8 1,45 2,06| 28,7 1.58 2.62]23.6 1.69 2.99( 19,4 1,82 13,37|15.8 1.99 3,78 13,2 2.14 &4.17
90 143,6 L.16 0.82] 87,8 1.264 1.23] 63,5 1,34 1.57] 44,7 1,45 2,06] 32,3 1.59 2.61] 26,5 1.68 3,00 17.7 1.97 1.83| 14,9 2.12 4.22
100 1139.2 L.la 0,82]| 97.4 1,26 1,23} 70,5 L,3& 1,57 49.6 1,45 2,07| 35.8 1.58 2.63| 29.4 1,68 3,01 19.6 1.9 J.87| 16.5 2.11 4.26
110 |17.8 L.14 0,82(106.9 1.264 1,23| 77,4 L.)4 1,57] 54.5 1,45 2,07| 39.3 1.58 2.64] 32.3 1.68 3,02 21,5 1.95 1.90/ 18,1 2,10 4.0
120 |190.3 1.1& 0,82|116,5 1.264 1,23| 84,) L.,34 1.58 S9.4 1,45 2,07| 42.8 1.58 2.65| 35.2 1.68 3.02 23.4 1,96 1,92| 19.7 2.09 &4.33
130 {205.7 1l.1s 0,82|126.Q0 1.24 &.23| 91,2 1,3 1,58 64.2 1,45 2.08| 46.4 1.58 2,64 38,1 1.68 3.03 25,4 1.9% 3,90 21.3 2,09 4.3%
140 é21.0 L.14 0,82J1)5,6 1,24 1,24] 98,0 1,34 1,5 69.1 1.45 2,08] 49,9 1.58 2.64)] 41,0 1,68 13,03 27.3 1,95 ).,92] 22,9 2.08 4,37
150 1236,3 1,14 0,8) 144,99 1,25 1.24]104.9 1,34 1.58] 73.9 L.,45 2,08 53.4 1.58 2.65]| 43,9 1.68 1.01 29,2 1,93 3,93| 24.5 1,08 4,38
190 251,53 L,l& O,B3154.3 L.,25 1.24|LlL101.7 L.3& 1,59 78.7 L.45 12.09) $6.9 1.58 2.65| 46,7 1.67 3.05 3.1 1,94 3,94) 26,1 2,08 4&.40
L?0 }266.6 1,14 0,83{163.7 1.25 1,24|118.% 1.36 1.59 83.6 1.45 2.08| 60.3 1,58 2.66| 49.6 1,68 3.05 33.0 1,96 3,95| 27.7 2.07 4.4l
180 28L.7 1,1« 0,8)(173,0 1.25 l.26)125.2 1,34 L.,59 @88.4 1.45 2.09| 61.8 1,58 2.66| 52.5 1,68 1.04 36,9 1,94 13,96| 29.3 2.07 4,6l
190 1296,7 1.1« 0,83(182,3 1,25 1,24f132,0 1.34 1,59 93.2 1.45 2,09| 67,3 1,58 2,66| 55.3 1.68 3.06 36,8 L.94 3,97] 30,8 1,06 4,46
200 [311,7 L.l4 9,83|191.6 L1.25 1,24|038.7 1,06 L.600 97.9 1.45 2.10f 70.7 1,58 2.67] 56.2 1.68 3.0% 38,7 L.94 23,97 32,4 2,06 4,47
220 362,10 L, le 0,B3|210,4 1.25 1.25|152.4 1.)5 1,600 107.6 1,45 2,10| 77.7 L.58 2,67)] 63.9 1,68 3.06 42,5 1.9 3,99] 15,6 21.06 4,48
260 11372,4 L. l& 0,84)1229.2 1,25 1,25]165,9 1.)4 1.600117,2 1,45 2,10] 84.7 1,58 2.67) 69.7 1.68 13.06 46,4 1,96 3,97] 8.8 2.06 4,49
260 |w02,5 1,14 0,84)247,9 1.25 1.25{179.,5 1,34 1.00f 126,88 1,45 2,10| 91,7 1,58 2.67| 75.4 1.68 3.07 50.2 1.94 3,99]| 42.0 2.06 4. 49
280 [432,6 L.14 0,B4|266,5 1,25 1,25(193.0 1.34 1,64136.4 1,45 2,10] 98,6 1.58 2.68| 61.1 1,68 3.07 54.0 1,96 3,99]| 45,2 12.06 &4.49
300 |462,5 1,14 0,Aw)285.1 1,25 1,25/206.5 .35 L.61 L46.0 1,46 2,10/105.5 1.58 2.69| 86.8 1.68 3,07 57.8 1.94 4.00| 4B.6 2.06 4,50
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Table 36 (Continued)

DESIGN TABLES FOR PARABOLIC GRASS-LINED CHANNELS

vy for AETARDANCE D', Tep Wideh (T), Deptb (D) and V, for RETARDANCE 3",

Grade 0.30 Percant

Q v, = 2.0 v, = 1.5 " - 3.0 "y - 3.3 G = 4.0 Vi = &3 v, - 5.0 v, = 5.5 V, = 6.0
[1{]
T D V2 T D 4u T 1] 4u T D 4» T ] dn T [} 4» T D ﬂn T ] du T D Qn

13 10,2 2,18 0,95

20 13,3 2,18 1,02

3] 16,5 2.1% 1,05 10.5 2,60 1.33

)0 19.7 2,12 1,06 12.4 2,51 1.42| 9.5 2,91 1.60

¥ 22,8 2.0% 1.09) 14,3 2,43 1.48) 10,9 2.81 1.69

40 26,0 2.08 1.09) 16,3 2.44 1,49) 12,3 2.74 1.76

(3] 29.2 2,080 1,10) 18.2 2.41 1,52] 13,7 2,69 1,81

L1} 32.4 2,08 1,10] 20,2 2,40 1,53 15,1 2.64 1.86] l1.1 3.22 2.07

3 )5.6 2,08 1,11} 22,1 2,)8 1.55) 16,6 2.64 1.86f 12.0 3,11 2.18

50 8.8 2,08 1,11 24,1 2,38 1.55) 18,0 2.61 1,%0] 13,0 3,07 12,23

63 42,0 2,08 1,11)26.0 2,36 1.37| 19.3 2,61 1.89] 14.0 3,03 2,27

10 45,2 2,08 1,1L] 28,0 2,36 1.57) 20,9 2.59 1.92] 15,0 3,01 2,31

73 48,4 2,08 1,110 29.9 2,33 1.39| 22.4 2,59 1.,92] 16,0 2,98 2,34 12,7 ).48 2.2

80 sL.6 2,08 1.11] 31,9 12,36 1.38) 23,8 2,58 1.94| 17.0 2.96 2,36] L3.4 1,41 2.60

90 57.9 2,07 L.,12)35.8 2,35 1.59) 26,7 2,56 1.96] 19,1 2.9% 2.37] 15.0 1.} 2.64
100 64,3 2,07 L,11] 39,7 2.3 1.60) 29.6 2,55 1.97 21.1 2,92 2,42] 16,5 3,31 2,72 13,3 2,77 2.96
110 70,7 2,08 1,L1| 43,6 2,34 .61 32,6 2.56 1,96 23.2 2.92 2,42| 18,1 2,29 2,75| 14.53 3,70 21,03

120 77,0 2,07 L.12| 47.% 2,33 1.61) 35,3 2,36 1,97 25.2 2,89 2.,43] 19.6 D).,24 12,B1| 15.7 D).64 3,12

130 83.4 2,08 .12 51.5 2.34 1.61] 38,4 2,55 1.94 27,3 2.90 2,48] 21,2 3.2 2.,82) 16,9 13.60 1.18
140 89,7 2,08 1,12] 5.4 2,34 1.6L] 41,3 2,55 1.98 29.) 2.88 2,47| 22.8 1.22 2,84} 18,1 1,36 1,23

150 96,0 2,08 1,12] 59.3 2.3 1.6%| 44,2 2,55 1,99 Jl.4 2,88 2,47) 24.3 1,19 2,88 19,4 13.56 3.23|15.5 4,09 23.%2

160 [102,3 2,08 1,12] 63,2 2,3 1.61] 47,1 2,54 1,99 33.5 2,89 2.47) 25.9 3.19 2.88| 20,6 3.33 3,27 16.4 4,02 1,60

170 [108.6 2,08 1.12)] 67,1 2.3 1.62| 50,0 2.5 1,99 35,5 2,87 2,48 27.5 3,19 2.89| 21.9 3,34 12.27]|17.4 4,01 1,62

180 | 11&,9 2.08 i.12| 70,9 2,33 1.62| 32,9 2,54 1,99 37,6 2,88 2,48| 29.1 3,19 2,89 23,1 23,51 3,30]18.) 13.96 1,489

190 j121.,2 2.08 1,12} 74.8 2,33 1.62) 55.8 2,54 12, 19.6 2,87 2.49) 30,6 3,16 2,92| 24,3 3,49 3,34)19,3 13.96 13,70
00 127.4 2,08 L.13| 78,7 2.3) L1.62] 38,7 2.54 1. &1.7 2.87 2.49] 32.2 3,18 2.93) 25.6 13.30 3.33) 20.1 1.91 1. 77| 16.8 &.4B 1,98
220 {140,0 2,08 L.1)) 86,% 2,)) L.62] 64,3 2,5 2,008 43,8 2,87 2,30 )5.4 3,16 2,93} 28,1 3,49 3,35]22,1 1,87 3.83| 18,3 4,39 4,08
00 [152.6 2,08 1.13] 94,3 2,33 1.63] 70,3 2.5 2,0Y 49,9 2,86 2.5l 30.6 3.16 2.93) 30.6 1,40 3,36 24,1 3.87 .84 19,9 4,36 4,12
260 |165.2 2,08 .13]102,1 2.3) 1.63| 76.1 2.54 2,01 s4,0 2,86 2,51 41.7 3,15 2.93)] 33,1 1,47 3,38 26.0 3.4 .08 21,5 4.3 4,15
280 |i77,7 2,08 1,13|109.8 2,33 1.63| 81,9 2.% 2,01} %s,2 2.87 2,50) 44,9 3,13 2,93) 35.6 3,46 3.39)28,0 3,84 1,08 23.0 4,28 4,24) 19.0 4.B8 4,50
300 [1%0.3 2,08 L, 13{1L7.6 2,32 1.63| 87,7 2.% 2,0U 62,3 2.86 2,51] 48.0 3,14 2,97 38,1 3,45 3.40| 29.9 1,82 3,92 24.6 4.27 4,26] 20.2 4,80 4,61
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Table 36 (Continued)

DESIGN TABLES FOR PARABOLIC GRASS-LINED CHANNELS

v, for RETARDANCE "'D". Top Width (T), Depth (D) and Vv, for

Grade 0.73 Percent

Q v = .0 = 2,8 1 = Lo V1 = )5 Vi = &0 Vi = A3 Vi = 5.0 5.5 vy = 6.0
cfs w ;
T ] _.__u 1] ..qu T D 2 T D —.u T D <u T D du T D _-_n ¢_u T D '._n

13 13.7 L.76 0.9 1,22 1,24

20 18,2 L.7% 0.9 2,10 1.3%

15 22,6 1.7 0,95 2,03 1,421 9.3 2.)) L6

10 7.1 L.7) 0.9 2,02 1,64} 11,2 2,25 1.7 2,56 1,94

15 3.5 L.72 0.96 2,01 1,45) 13.0 2,23 1.7 1,47 1.03

40 36.0 1,72 0,96 1.98 1.48] 14,8 2,21 1.8 2,44 2,09

43 40,46 1,71 0.9 1.98 1,49] 16,5 2,17 1.8 2,39 .16

50 6.9 1,72 0.96 1.98 1,49 18,3 2.16 1.8 2,38 2.18] 10.6 2.82 2.47

55 49,3 1,72 0,96 1.96 1.51} 20,1 2.16 1, 2,37 2.19| 11,6 2.80 2.51

60 33,7 1.2 0,97 1.96 1,51 21.9 2,16 1.8 2,36 2.20) 12,5 2.73 12.61 ;

65 8.1 L.72 0.97 1,95 1.32] 2.6 2.16 1.9 2,1) 2,23} 13,3 .M .83

10 62,3 L.72 0.9 1,96 1.32] 23.4 2,14 1.9 2,1} 2,13| l4.b 2,66 2.07

13 66,9 1.12 0.97 1,95 1.3 27.2 2.4 L9 2,33 2,26| 13,4 12,63 N

80 7.2 L1 0.9 1.95 1.5)] 25.0 2,14 L.9 2,31 2,29| 16.4 12,65 .01

90 80,0 L.711 0,97 .95 1.3)] 12,5 2,12 1.9 2,31 2,29] 18,4 2.6} 3,07) 12,4 1,26 13.30

100 88,8 1,72 0,98 1.93 1.34] 6.1 2.13 1. 2,31 2.29) 20.4 12.62 LI 1)T 322 )36
110 97.6 1,72 0,98 1.9% 1,53] 39,7 2,13 1.9 2,30 2.31) 22,4 2.61 3.13] 14,9 3,13 ).48

120 106, 1.72 0,98 1,93 1.34) 43.2 1.12 1.% 2,30 2,31} 24,4 2,61 3,18] 16.2 13.13 1.52 3.8l
130 j115.0 1.72 0.98 1.95 1.54] 46,8 2,12 1.9 2,30 2,31) 26.) 2.38 3,200 17,5 3.1L 1.53 1.82

140 | 123,7 L.72 0.98 1.95 1,54 50,3 2,12 1.9¢ 9.1 2,29 2,33] 28,3 2.58 3,221 18,7 3.0F 13.63 1,91

150 |132.4 1,72 0,98 1.95 1,5%| 53.9 2,12 L.9% «l.9 2.30 2,32f 30.) 2.58 2.86| 24.7 2.79 1.,24) 20,0 3.06 1.63 3.98

160 ] 161.1 1,72 0,98 1,95 1,55] 37,4 2,12 1.94 44,6 2,29 2.33] 32,) 2,58 2.86) 26,3 2,78 3,26 11,3 13,05 1,67 3.98) 4.4 D71 &I
170 | 149.7 L.72 0.98 1.95 1.5%] 60,9 2.12 1,97 7.4 2.30 2.)3} 34,3 2,58 2,86) 28.0 2.80 23,24 22,8 D1.04 1,68 4,05] 15.3 13.77 4.8
180 |158.3 1.72 0.98 1,95 1,55} 64,5 2,12 1.9 50,1 2.29 2,34 36.) 2.58 2.86) 29.6 2.79 1.25] 23,9 1,04 1,69 4,01) L6, 1 3,73 4.6
190 J166.9 t.72 0,98 1.95 1.55] 68.0 2,12 1,97 9%2.8 2,29 2.,)4] 38,3 2,58 2,86] 31.2 2.78 3.26] 25.2 1.0 1,70 4,10] 17.0 1,73 4,43
200 | 175,55 L.I12 0.99 1.93 L.35 TL.5 2.12 1.97 335.6 2.29 12.34] 40,2 2,57 2.89) 32,8 2.70 1,27] 26.5 )1.03 M71 4,13] 17,8 1,70 4,52
220 |192.8 L.72 0,99 1.9% L,55) 78,6 2,12 L.97 6Ll.1 2,29 2.34| 44,2 2,57 2.89| 36.0 2.77 3,29 29.1 3.02 3.7) 4.18] 19.5 1,67 4.38
2640 210,01 .72 0.99 1,93 L.56) 83.6 2,12 1.98 66,6 12.29 2.33) 48,2 2.57 12.89) 39.2 2.76 3,31 317 3.01 1.75 4.22) 21,2 ).64 &4.6)
260 |[227.3 1.72 0.99 1.95 1.56} 92.7 2.12 L.98 72,1 2.29 2.33] 52,2 2.57 2.09] 42.5 2.77 1,301 3,3} .01 1.76 b,26] 22.9 1,62 4,67
200 | 264,5 1,71 0,99 1.95 1.56] 99.7 2,12 L.99 77,6 2,29 2.33) 56,2 2.57 2.89) 45.7 2.76 1.31] 36,9 13.00 ).77 L,26) 26.7 3.6) &.65
300 [261.7 L.72 0,99 1.95 L.56/106.8 2,12 1. 83,0 2,29 2,36 60,1 2,57 2,90| 48.9 2.76 13,32] 39.3 3.00 1,78 4,28) 26,4 .62 &.6B
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Table 36 (Continued)

DESIGN TABLES FOR PARABOLIC GRASS-LINED CHANNELS

Vy for R ARDANCE "D", Top Width (T), Depth (D) and V3 for R

GCrade 0,73 Parcent

Q Vi 2.0 Vi = 2.5 i = )0 Yy = 35 Vi = &0 Vp = 43 Yy » 30 Vi = 3.5 ¢— = 6.0
cis "

T D 4H T D ¢_n T D 2 i D ¢.n T D .ﬁn T 1] -_u ;3 D du T 1] ﬂu T D ¢_u
13 13,7 1,76 0,92 1.24
20 18,2 1,75 0.93 1.13
13 22,6 L.73 0,93 1.42)0 9.5 2,13 1.6
10 27,1 L.713 0,95 L.44] 11,2 2,25 1.7 0.9 2,56 1.94
35 31,5 1,72 0,9 1.45) 13,0 2,23 1.79 10.2 2,47 2.05
40 36,0 1,712 0.96 1.48] 14,8 2,21 1,84 11.6 2,44 2,09
63 40,6 1,71 0.9 1.49] 16.5 2,17 1.84 12,9 2,39 2.16
50 44,9 1.71 0.96 1.49) 18,3 2,16 1,871 14,) 2,38 2.18] 10,6 12,82 2.&47
55 49,3 1.72 0.9 1.51] 20,1 2,16 1.84 15.7 2,37 2.19) 11.6 2.80 2.51
60 53,7 L,72 0,97| 30,1 1,96 1,51 21.9 2,16 .89 17.1 2,36 2.20] 12.5 2.7 2.6l
63 58,0 1,72 0,97 32.% 1.93 1.52| 23,6 2.%4 1,97 1B.6 2.3 2,23) 13,5 2,71 2,63} 11,2 3,04 2.8
70 62,5 1,72 0,97) 125.0 1,96 1.52] 25.4 2,14 1.9 19.8 2,33 2,23| M4, 4 2,66 2,71| 12,0 13,01 2.87
73 66.9 1,72 0,97 37.4 1,95 1,53} 27.2 2.14 1.9 21.2 2.3) 2.26| 13.4 2,63 2.73) 12.8 12.99 1.91
80 70,2 1,70 0,97 39,9 L.9% 1.53] 29.0 2,14 1.9 22,5 2,31 2,29 16.4 2,63 2.74} 13,5 12.92 ),01
90 80,0 1,71 0,97] 44,0 1,95 1.53) 2.5 2,12 1.94 23,3 2,31 2,29) 18,4 2.6) 2.76| 13,1 2.89 3,07) 12.4 D1.26 13.30
100 AA. 8 1,72 1.54] 36,1 2,13 1.94 28,1 2,31 2.29] 20,4 2,62 2.78) 16.7 2.86 3,111 13,7 3,22 13.36
110 9.6 LN 1.53] 39,7 2,13 1.%4 J0.8 2,30 2.31] 22.4 2.61 2.79| 18.) 2.4 1.15)] 14,9 3,13 3.48
120 | 106, 1.72 1.54] 43,2 2,12 1.99 13,6 2,30 2,31 24,4 2,601 2.81) 19,9 2.82 3,18) 16,2 13,13 3.52f 13,4 3,49 13,81
130 J115.0 L.72 1.54] 46,8 2,12 1.9% 6.4 2,20 2,31 26,3 2.58 2.85] 21.5 2,61 3,20} 17,5 .11 3.55] 14.3 3,49 13.82
140 |123.7 L.712 1,541 30,3 2,12 L.96 39.1 2,29 2.,33] 28,3 2,58 2.85| 23,1 2,00 3.,22]| 16,7 3,07 3.63) 15.5 ).44 3,91
150 J132.4 .72 0.98) 74,2 1.95 1,53 33,9 2.12 1.99 41,9 2,30 2,32] 30,) 2,58 2.86| 24,7 2.79 3.24)] 20.0 .06 21.65] 16.5 1,39 1.98
160 l14l,1 1,72 o0.,98f 79.1L 1,95 1.5%] 37.4 2,12 1.94 44,6 2,29 2,33| 32,3 2.58 2.86| 26,3 2.78 3,26 21,3 3,05 13.67] 17.6 1,39 3.98] 14.4 1,77 & W7
170 1149,7 L1.72 0,98| 84,0 L1.93% 1,55 60,9 2,12 1.9 47,4 2.30 2,)3) 14,3 2,58 2,86| 28,0 2,80 3.24| 22,4 J,.04 3,68 18,6 3,36 4,05| 15,3 3,77 4,38
180 | 1%8.) 1,72 0,98] 88,8 1,9% 1,53 64,85 2,12 L.94 50,1 2,29 2,34 36,3 2,58 2.86] 29.6 2.79 3,23 23,9 .04 3,69) 19.6 12.3) 4. LL] 16,0 D7) 4.4
190 | 166,9 1,72 0,98] 92,7 1.9% 1,55 68,0 2,12 1,97 52,8 2,29 2.,)4] 38,3 2,58 2.86] 31.2 2,78 1.26] 25.2 ).03 3.70) 20,7 3.3) 4.10| 17,0 3.7) 4.45
200 | 17%.% L.72 0.99] 98,5 1,95 1.35] 71.5 2.12 1,97 55.6 121.29 2,34 40,2 2,57 2.89] 32,8 2.78 3,27) 26.35 3.03 3. 7L| 21,7 .1 &.15) 17.8 1,70 &.52
220 92,8 L.,72 0,99|108.) 1,95 1.55] 78.6 2.12 1,97 é6l.1 2,29 2,34] 44,2 2,57 2.89| 36.0 2,77 3,29 29,1 3.02 3,73} 23,8 1,29 4.18] 19,3 1,67 4.58
260 1210,1 1,72 0,99(118,0 1.9% 1,56) 83,6 2,12 1,98 66,6 2,29 2.33] 48,2 2,57 2.89) 19.2 2,76 3,31} 3L, 7 .00 3,75| 25.9 1,28 A,22] 11,2 .64 4.6)
260 |227.3 1,72 o.99[127,7 1,95 1,56| 92,7 2,12 l.%94 72,1 2,29 2.35| 52,2 2,57 2.89| 42.3 2.17 3.,30) .3 1,01 2,76/ 28,0 3,26 4,24] 22.9 ).62 4,67
280 | 264,5 1.72 0,990137.4 1,935 1.56] 99.7 2.12 1.94 77,6 2,29 2,35} 56.2 2.37 2.89| 48.7 2.76 3.3L} 36,9 1.00 3.77| JO.1 3.2% 4,26 24.7 13,6} &.63
300 |261,7 L, 12 0,99)147,L 1,95 1.356/106,8 2,12 1,98 83,0 2,29 2.36{ 60,1 2,37 2.90| 48.% 2.76 3,32} 39,3 1.00 3.78] 32.2 13.25 4.28| 26,4 ).62 4,68
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Table 36 (Continued)

DESIGN TABLES FOR PARABOLIC GRASS-LINED CHANNELS

_.._. for RETARDANCE "I''. Top Wideh (T), Dapth (D) and Vg for R

Grade 1,0 Parcent

ANCE "'3",

Q v, = 2.0 Vi = 2.5 vp =~ 3.0 Vi = 3.5 Vi = 4,0 v = 4.8 vy = 5.0 v, = 5.5 vy = 6.0

cta T B Wy T i vy T ipS Ng T ape ¥ L e ¥ TR v, ¥ i 0 T 8. Y,

15 | 15,7 1,55 0.91] 9.9 1.80 1.24

20 | 20,9 1.5 0.92] 13.0 1.74 1.31] 8.8 2,04 1,6

25 | 26,0 1.53 0,93 16.2 1.73 1.32( 10,9 1.99 1.7 8.9 2,21 1.87

30 3.1 1,52 0,9 1%.3 1.70 1,3%] 12,9 1,9 1,78 l0.5 2,14 1.98

13 36,2 1,52 0,9 22.% 1,70 1,36] 15.0 1,93 1.8 12,1 2,08 2,06] 9.2 2,37 2.%7

40 | 41,3 1,52 0,9%| 25.7 1.70 1.36] 17.1 1,92 1.8 13.7 2,04 2.12| 10.4 2,32 2.4%

43 46,4 1,52 0,95| 28.8 1.69 1.37| 19.2 1.91 1.8} 15.4 2,04 2.12] 11,7 2.32 12.46

50 51,5 1,52 0,93] 32,0 1,70 1.37] 21.2 L.89 1.8% 17.0 2,02 2.16] 12.9 2,28 2.52) 9.9 2,61 2.86

L1} 56,5 1.51 0,95| 15,1 1L.6% 1,38] 23,3 1,89 1, 18,7 2,02 2,16} t4.1 2,25 2,57 10.8 2,37 2.9)

60 | 61.6 1.52 0,9%f 38.3 1.69 L.37] 25.4 1.89 1.8 20,3 2,00 2,19) 15.3 2,23 2.61) L1.7 2.% 1,00

6 | 66.6 1.52 0,96( 41.4 1.69 1,38] 27.5 1.89 1.86 22,0 2,01 2,19 16.6 2,24 2.60| 12.7 2,5% 2.98) 10.6 2.88 3.16

70 | 7.6 L5t 0.96| 44.6 1,70 1.38] 29,3 1.e8 1.88 23,6 1,99 2,21} 17.8 2,22 2,63| 13.6 2,52 3,03|11.3 2,82 3.26

19 | 76.6 1.51 0,96 47.7 1.69 1,38 31,6 1,88 1.88 23,3 2,00 2,21| 19.0 2,21 2,66 14.5 2,30 3.08) 12.0 2.77 3.3%

80 | 81.6 1.52 o0,96| 50,8 1,69 1,38| 33.7 1,88 1.88 26.9 1,99 2,22| 20,3 2,22 2,64} 1%.4 2,48 3,11]12.7 2.73 1,43

90 | 91.7 1.52 0,96 57.1 1.69 1.39| 37.8 1,08 1.8% 30,2 1,98 2.24| 22,8 2.21 2.65) 17.3 2,47 3.13)14.2 2.69 3.49]| 11.8 2.99 3.78
100 |101,7 1,52 0,96) 63.4 1,69 1,39| 42,0 1,88 1,89 33.5 1.98 2.24| 25.2 2,19 2,69) 19.2 2,47 3.14]15.7 2.67 3.55|13.0 2,9 3.88
110 11,7 .52 0,97| 69.6 1,69 1,39) 46,1 1,87 1,900 36.8 1.98 2.25( 27.7 2.19 2,70| 21,0 2.44 3,20|17.3 2,68 3.53 14.3 2,94 3.88| 12.4 3.23 4,07
120 121.7 1.32 o0,97| 75.8 1,69 1,39] s0.2 1.87 1.904 40,1 1,98 2.26] )0.2 2,19 2,70 22.9 2,44 1,20) 1B.B 2.66 13,57 15.5 2.91 13,9%6] 13.4 13,17 &.19
1 ju13.6 1,51 0,97 82.1 1,69 1,39 54.4 L1.87 11,908 43,4 1,97 2.26) 32,7 2.19 2.7C| 24,8 2,44 3,200 20,3 2.64 3.61)] 16.7 2.8B 4.03] l4.4 3,12 4,30
140 |161,5 1.51 0.97) 88.) 1.69 1.19| 58.5 1.87 L.90y 46.7 1.97 2.26] 35.2 2,19 2.70| 26.6 2.42 3.24)21.8 2.63 D3.64)17.9 2.B5 4.08) 15.5 3.12 4.31
150 [t51.4 1,52 0,97] 94.5 1,69 L.0] 62.6 1,87 1.9 50.0 1,98 2,26| 37.6 2,18 2,72 28.5 2.42 3.23| 23,3 2,62 3.66|19.2 2.86 4.07| 16.5 3.08 4.39
160 [161.3 1.52 0,97}100.7 1.69 1.40| 66,7 1.87 1.91 53.3 1.98 2.26] 40,1 2,18 2,72 30,4 2,43 3,23 24.8 2,61 3.68] 20,4 2.B4 4,11) 17.6 .08 4,19
170 |111,1 1,52 0,97|106.8 1,69 1.40| 70.8 1.87 1.9t s56.5 1,97 2.28] 42.6 2,19 2,72| 32.2 2,41 3.26|26.) 2.60 3.70| 21.7 2.85 4.10| 18.6 3.05 4,46
180 (180.9 1.52 0.98[L13.0 1.69 1.40| 74.9 1.87 L.91 $9.8 1.97 2.27| 45,0 2,18 2.73| 34.1 2.42 3.25]27.9 2.61 3.68) 22,9 2,83 4,14] 19.6 3,02 4,52
190 |1%0.6 1,52 0,98]119.1 1.69 1.40] 79.0 1,87 1.91 63.t 1.98 2.27]| 47.5 2,18 2,73| 35,9 2.41 3,27(29.4 2,61 3.69| 24,1 2,81 4,17]| 20,7 3.0 4,51
200 |{200,& 1,32 0.98{125.3 1.69 1.40| 83,0 1,87 1,92] 66,3 1,97 2.28{ 49.9 2.18 2,74| 37.8 2.41 3.27]30.9 2,60 3,71 25.4 2.82 &,15{ 21,7 3,00 4,57
220 (229,01 1,52 0.98[137.6 1,69 1.41f 91,2 1.87 1,92] 12,9 1,97 2.28 4.9 2,18 2,74} 41,5 2,41 3.28]33.9 2.59 3,73| 27.9 2.82 4.7 23.8 2.99 4.6l
240 |239.8 .52 0.98[150.0 1.69 L.4i| 99.4 1,87 1,93 79.5 1.98 2.28| 9.8 2,18 2.75) 45.3 2,41 3,28 37.0 2,60 3.72| 0.4 2.8l 4,18| 25,9 2.97 4,64
260 259,64 1,52 0.,98{162,1 1,69 1,41(107.6 1,87 1,93 66.0 L,97 2.28]| 64,8 2,18 2,74 49,0 2,41 3,29]40.0 2,59 3,75(32.9 2.B1 4,20| 28.0 2.96 4.67
280 [279.0 1,52 0,98{|174,6 1,70 L.41|115.8 1,87 L1.9) 92.5 1.97 2.29) 9.7 2.18 2.75| 52,7 2.40 3,30|43.0 2.58 3,76 35.3 2,79 &,24| 30,2 2.97 4,65
300 |298,5 1,52 0,96{186.9 1.70 1.41{123.9 1,87 1,93 99.1 1.968 2,29 74.6 2,18 2,7%| 56.4 2,40 3,30 46.1 2.59 3.75|37.8 2,79 4.24) 32,3 2,97 4.6
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Table 36 (Continued)
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v, for AETARDANCE "V'. Top Width (T), Dapth (D) end Vpfor AETARDANCE "B".
1.25 Paxrcent

2 v, = 2.0 Ve Eacd.d v, = 3.0 v, = v, = 6.0 v, = 4.3 - 5.0 vy = 5.5 v, - 6.0
cts TS T Vo 1 ViRl D T P T D T v, D T v, T o

15 | 8.1 1.40 o0.88) 11.5 1.59 1.21] 7.7 1.8% 1.59

20 | 26,0 1,38 0,89 15.2 1.56 1.25) 10,1 1,79 1.64 7.7 2.03

25 | 30,0 1,38 o0.89] 19.0 L.56 1.25] 12.5 1.7 1.69 9.3 1.97 7.8 2.19 2.16

0 | 35,9 1.8 c.90| 22,7 1,55 1.27] 14.9 1,73 1.79 1.2 1.9 9.2 2,11 2.28

35 | s1.8 1.38 0.90| 26.4 1.5 1.28) 17,3 (.71 1,79 13,0 1.88 10.5 2.02 2.44] 8.3 2.64 .

a0 | 47.7 1.38 0,90 30,1 1.5 1.28] 19.7 1.70 1,71 14.8 1.87 12.0 2.02 2.64| 9.4 2.72

4s | s3.6 1.38 0.90| 33,9 1.56 1.28] 22,1 1.69 1.7d 16.6 1.86 19.4 1,99 2.50| 10.8 2,78

s0 | 59.64 1.38 0.91] 37.6 1.56 1.28] 24.5 1.69 1.79 18.4 1.85 14.9 1,99 2,50] 11.3 2.50 2.49

55 | 5.3 L.38 o.9t| 41,3 1,54 1.28| 26.9 1.69 1,8d 20,2 1,84 16.3 1.97 2.54| 12.6 2.9 2.47

80 | 7.1 1.38 0,91 44.9 1,53 1.29) 29.3 1.68 1,84 22,0 1.84 17.7 1.96 2.57] 13.7 2,97 2.45

65 | 76.9 1.39 0.91| s8.6 1.54 1.29) 3.7 1.68 1.8] 23.7 1.82 19,2 1,97 2.56| 14.8 2,99 .40 9.8 2,76 3,35

70 | 82,7 138 0.9t 52,3 L3 1.29] 3.1 1.8 1.8Y 25,5 1.82 20,6 1,95 2,58/ 15,9 3,01 2.39 10,5 2,74 3.61

79 | ee.s 1,38 0,91 55.9 1.53 1,30] 3.3 1.68 1,84 27,3 1.62 22,1 1,96 2.37| 17.0 3.0 2,39 1.1 2.67 3.76

80 | 94.2 1,38 0,91} 59.6 1.5 1,30 38,9 1,68 1,84 29,1 1.82 23,5 1,95 2,59 18.1 3,08 2.38 1.8 2.65 3.80{ 10.3 2.92
90 |105.8 1.38 0.91] 66,9 1,53 1,30] 43,7 1,68 1.83 32.7 1,82 26,4 1,95 2.60] 20,3 1.07 2.0 13.2 2.62 3,87 11.4 2.8}
wo 173 1.8 0.92] 74.3 1.5 1,30 48,5 1.68 1.8% 36,3 1,82 29,3 1.93 2.61| 22.3 3,10 1.3 14.6 2,59 3.92| 12.6 2.80
1o |1z8.9 1.98 0.92] 81,6 1.5 1.31] 53,3 1.8 1.84 39,8 1,81 12.2 1,93 2,61} 24,7 3,11 2.34 16,0 2.58 3.97| 13.8 2.77
120 {140.6 1.38 0,92 88,9 L.% 1.31] %8,1 1.68 1.8 43.a 1.81 35.0 1,9 2.64] 26.9 3,13 2,31 17.4 2.56 6.00| 15.0 2.75
130 |151.8 1.18 o0.,92| 96.L 1.5) 1.31] 62.9 1.68 1.84 47.0 1,82 7.9 1,9 2,64] 29.1 3,14 2.1 18.8 2,55 4.04] 16.2 2.74
w0 |183.2 1,38 0.92[103.4 1.56 1.31] 67.6 1.68 1,84 s0.5 1.81 40,8 1,9 2.64] 313 3. 14 2.31 20,2 2.5 4.06| 17.4 2.72
150 174,86 1.38 0.92]110.6 1.53 1.31} 72.4 1,68 1.8y 54.1 1.8l 43.7 1,9 2,64] 33.5 3,15 2,30 21.6 2.51 4.08] 18.6 2.71
160 |186.0 1.38 0,92[117,8 1.53 1.32] 77.1 1.68 1.84 57,6 1.81 46,5 1,93 2,65] 35.7 3.16 2.30 22.9 2.50 &.16] 19.8 2.70
170 |197.3 1.39 0.921125.0 1.5 1.32| 81,9 1.68 1,84 61,2 1.81 49.4 1,9 2.65] 37.9 .16 2,30 26.3 2.50 4,17] 21.0 2.89
180 |208,5 1,38 0,93]132.2 L.% 1,32] 86.6 1,68 1.84 64,7 1,81 2.2 1,93 2.66] 40.1 3,16 .19 25,7 1.49 4,1B] 22.2 1.69
190 |219.8 1.39 0.93{139.3 1.5& 1.32] 91.3 1,68 1,84 68.2 1.8l s5.1 1.9 2.65] 42.3 3.16 2,30 27.1 2.49 4.13] 23.4 2,68
200 [231.0 1.39 0.93)146.5 1.5& 1.32) 96,0 1.68 1,84 71.8 1,82 5.9 1.93 2,66] 44.5 317 2,29 28,5 2,49 4.20| 24.6 2.68
220 2537 139 9,93|160,9 1.%4 1.32[108.5 1.68 1,84 78,9 1,82 3.7 1,94 2,66| 48.9 317 2.29 .3 2,48 6.22| 27.0 2,67
240 12763 1,39 0.93|175.) 1.5« 1.33|115.0 1.69 1.84 85.9 L.81 69.4 1,94 2.66| 53.3 318 2.29 3.1 2,48 4.23 29.4 2.66
260 | 296.9 1.39 0.93{189.7 1.3 1,33|124.4 1.66 1.84 93.0 1.8l 75.1 1,93 2,67] 5.6 3.19 2,29 3.9 2,48 &.26] 1.0 2.65
280 | 3213 199 0.93)z206.0 1.5 1.33)133.9 1.6% 1.84 100.1 1.82 §0.8 1.9 2.67| 62.0 3,19 2.29 39,7 2,47 .25} 34.2 2.65
300 [363.7 1,39 0.93f218.2 1,3 1.33)143.3 L.69 1.84107.1 1.81 86.5 1.9 2.67] 66.4 .19 2,28 42,5 2.47 4,26] 36.6 2.65
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DESIGN TABLES FOR PARABOLIC GRASS-LINED CHANNELS

Table 36 (Continued)

Vy for RETAADANCE "D'. Top Width (T), Depth (D) and V3 for
Grada 1.50 Percent

- v, = 2.0 v, = 2.3 vy = 30 Vi = 33 Vi = 4,0 v, = 4.3 v = 5.0 v, = 5.5 v, = 6.0

L1 (] v i avgllise® o pvallist e Y T, ibm Y 32, e W By By, v b Vol 3T Bw vy 2 8V

15 | 20,1 1.29 o.06| 13.2 1,43 1,17 B9 1.63 1.5

20 | 26.8 1.29 o0.86) 17.5 1.42 1.19 1.7 1.60 1.54 8.1 1.86 1.95] 6.7 2.09 2.10

13 3.4 1,28 0.86] 21,8 1.41 1,21] 14,5 1,57 1.6 9.9 1,78 2.10] 8.1 1.9% 2.3

30 40,0 1,28 0,87 26,2 1,42 1,20] 17.4 1,57 1,63 11,8 1,75 2.15| 9.6 1,90 2,43 8,0 2,13 2.60

b 46.5 1,28 0,87] 0,5 1,41 1,21 20,2 1,56 1.6% 13,7 1.74 2,18} tL.1 1,86 2,50 9.2 2,06 2.7

40 | 53.1 1.28 0.87| 3.8 1,41 t.2t| 23.0 1.55 1,67 15,6 1,73 2.20| 12.6 1,84 2,36| 10,4 2,02 2,82 8,2 2,38 3,0

43 | s9.6 1.28 0.88] 39.0 1.40 1.22| 25.9 1.55 1.6 17.5 1.72 2.22| 14.2 1.85 2,58| 11,7 2,02 2,82 9.1 2.31 1.16

50 66,1 1.28 0.88] 43,3 1,41 1.22| 28,7 1.5% 1,67 19.4 1,71 2.24) 15.7 1,83 2,58| 12,9 1.99 2.89| 10.0 2.26 1.27

53 | r2.6 1.28 o.88| 47,6 1,61 1.22| 31,5 1,35 1.6 21,3 L.71 2.25| 17.2 1.82 2,61] 14,2 1.99 2,89{ 10,9 2,22 3.36| 9.3 2.47 3.5

60 | 79.0 1.28 0.88} 51.8 1.41 1,22 34,3 1.34 1.6% 23.2 1.70 2,25| 18,8 1,82 2.60| 15,4 1,97 2.94) 1.9 2.22 3,36] 10,1 2.45 3.39

65 | 85,5 1.28 0.88) 36,0 1.40 1,23} 37.1 1.54 1.64 28,1 1,70 2,26| z0.3 1.82 2,62 16,6 1,93 2,98 12,8 2.19 3,43| 10.8 2.39 3.73

70 | 919 1.20 o.88) 60,3 1,41 1,22 39,9 1.4 1.64 27,0 1,70 2.26| 21,8 1,81 2.64) 17,9 1,96 2,96| 13,8 2,20 3.42| 1.6 2.38 3.76] 9.8 2,62 4,00

's | 98.2 1.20 0.89] 64,5 1.41 1,23] 42,7 1.34 1,64 20,9 1,70 2,27 23.3 1.80 2.66| 19,1 1.93 3,00| 14,7 2,18 3.48| 12.4 2.37 3.79) 10.3 2,62 4,04

80 |104,6 1.28 0,89} 68,7 1,41 1,23| 45.3 1.3 1,7 30.8 1,70 2,27| 24,9 1,80 2.64[ 20,4 1.95 2,98) 15,7 2,18 3.46f 13,2 2.36 3.81| 11,1 2,38 4,15

90 |117.3 1.28 0.89] 77.1 L4l 1.23] sl .86 .7 4.6 1,70 2.28) 27.9 1.80 2.67] 22.9 1.95 3.00( 17.6 2,17 3.%0| 14,7 2.31 3,99 12.4 2,54 4,24
100 |130.) 1.28 0.89| 85.6 1.4l 1.23| 36.7 1.3 1,7 38,3 1,69 2.30| 31.0 1.80 2.66| 25,4 1.9 3,02| 19,5 2,16 3.33| 16,3 2.30 3.96| 13,7 2.51 4.3
10 |163.0 1.28 0,89) 94.0 1,41 1.24] 62,3 1.5 174 42.1 1,69 2.30| 36.0 1,79 2.68) 27,9 1,9 3,03 21,4 2,15 3,56| 17.9 2.30 3.98| 15,0 2,49 4,38
120 [155.8 1.28 0.89/102.4 1.4l 1.24] 67.9 1.5 1.7 «5.9 1.69 2.30| 37.1 1,80 2.68) 30.4 1.9 3,03| 23,3 2,14 3.57| 19.3 2.29 3.99| 16.3 2.47 4,43
130 [168.4 1.28 0.900110.7 L4l 1.24f 7.4 1.5 1,7 49,7 1,69 2.30| 60.1 1.79 2,69} 32,9 1,% 3,04 25.2 2,14 3,59| 20,1 2.29 4,01 17,6 2,45 4,48
140 181,0 1,28 0,9G{119,1 1Ll.61 L.24) 79,0 L.54 1,74 53,4 1.69 2,31 43.2 1,80 2,68] 35,3 L.93 3,07 27.1 2,14 13,60{ 22,7 1.29 4.02] 1B.9 2,44 4.51
150 |193.6 L.28 0.90|127.4 1.41 1,24 84,5 1.5 1,74 57.2 1,69 2.31f 46,2 1,79 2,70| 37.8 1,93 3.07] 29,0 2,13 3.61) 26,2 2.27 4.07) 20,2 2,43 4.3
160 [206.2 1.28 0,90[135.7 1.41 1.24| 90,0 1.5 1.71 60.9 1.69 2.32| 49.3 1,80 2.69| 40.3 1.93 3.07| 30,9 2,13 3.62| 25.8 2.27 4.08| 21.6 2,43 4.31
170 [218.6 1.28 0.90[144.0 1.41 1.24| 95.6 1.3¢ 1.74 64.7 1.69 2.31] 52.3 1.80 2.69| 42.8 1.93 3.07| 32.8 2,13 3.62| 27.4 2.27 4.08| 22.9 2.44 4.3
180 |23t.1 1.28 0,90152.2 1,41 1,25/10L.0 1.3 1.7d 68,4 1.69 2.32| 55.3 1.80 2,70| 43.3 1,93 3.07| 3.7 2,13 3.63| 29.0 2.27 4,08| 24.2 2,43 4,5
190 |[2¢3.3 1.28 o0,90(160.4 1.41 1.25/106.5 1.5 1.7] 72.1 1.69 2.32| 58,3 1.80 2.71| 47.7 1,92 3,08 36.5 2,12 3.66| 30,6 2.27 4,08 23.3 2,42 4,58
200 |[255.8 1.28 0.91)168.6 1,41 1.25|102.0 .54 174 5.9 t.69 2.32) 61.3 179 2,71 50.2 1.93 3.08f 38.4 2.12 3.66 32.1 2,26 4.12| 26.8 2,42 4.60
220 |[280.9 1.28 o0,91)185.2 1,41 12501230 .56 1,71 83.4 L.69 2.32| 67.4 1,80 2,71 35.2 1.93 3.08| 42,2 2,12 3.67| 35.3 2,26 4.12] 29.5 2,42 4.58
260 |05.8 1,28 0,91f201,7 1,41 1,25)134,1 1,3 1,71 90.9 1.69 2,32 73,5 1.80 2,7L| 60,1 1,92 3.09] 46,0 2,12 3.67| 38,5 2.26 4.12| 32,1 2,41 4,62
260 [330.7 1.28 0.91)218.2 1,41 1.26/145.1 .54 1.7] 98,3 1.69 2.33| 79,3 1.80 2.72| 65.1 1.93 3,09) 49.8 2,12 3.68| 41,7 2,26 4.12| 34,7 2,61 4,64
280 [355.5 1.28 0.91)236.7 1.41 1.26[156.0 1.34 1.71 103.8 1.69 2.33| 85.5 1.79 2.72| 70,0 1.93 2.10{ 53.6 2.12 3.68 44.8 2,25 &.14| 37.4 2,41 4.6)
300 |[380.2 1.28 0.91f251,1 1.41 1,26{167.0 1.3 1.73113,2 1.69 2.33| 9l.6 1.80 2.72| 74,9 1.92 3.11) 57.4 2,12 3,68 48.0 2.25 &.14| 40,0 2.41 4.63
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Table 36 (Continued)

DESIGN TABLES FOR PARABOLIC GRASS-LINED CHANNELS

'D'.  Top Width (T), Depth (D) amd V; for RETARDANCE "3

Grada 1,75 Percent

q Vi = 2,0 vy = 1.3 Vi = 30 Vi = 33 Vi = 4.0 vy = A3 Vi = 50 Vi = 3.5 V; = 6.0
cts
T D cu T D v, T D 4u T D ﬁu T D qn i 5 D q» T 1] ¢u T D T 1] qu
15 | 21.8 L1.21 0,84 14,2 1.33 1,17| 10,0 1,30 4 6.9 L.74 1.84
20] 29,0 1,20 0.83] 18,9 1,33 1,18 13,2 1L.46 5 9.0 L.66 1,98} 7.6 1.83 2.12
25| 16,2 1,20 0,85) 23,5 1.32 1.,20] 16,4 1,45 5 11,2 L1.664 2.00] 9,3 1.7% 2.27| 7.6 1.93 12.51
30 | 43.4 1,21 0,85] 28,2 1,32 1,20) 19.6 1,44 5§ 13,3 1,60 2,08} 11,1 L.72 2,32| 9.0 1.88 2,62
351 50,3 1.20 0O,83] 32,8 1,31 1.21) 22,8 1,43 59 15.5 1.60 2,09| 12,8 1.68 2.,40| 10,4 1.84 2.70| 8,2 2,11 2,98
40| %7.6 1,20 0,85] 3ar.4 1,31 1,21] 26.0 1,643 600 17.6 1.38 2,13| 14,6 1.68 2,42 11.8 1L.BL 2.77| 9.3 2,08 1,06
43 | 64,6 1.20 0,86] 42,0 1,31 1,21} 29.2 1.4} 64 19.8 1,58 2.13] 16.4 1.68 2.43| 13,2 1.7% 12.82] 10.3 2.01 3,21 8.6 2,26 3,41
501 71.6 1,20 0.86] 46,6 L.31 1.21] 32,4 1.4) 64 21.9 1,57 2.16| 18,2 1.67 2.44) 14,7 1.80 2,80} L1.4 2.00 3,25]| 9.5 2.24 13.4B
35 | 78.6 1.20 0.86] 31.2 L.31 1.22] 33,6 1.4) 64 24,1 1.58 2,15) 19.9 L1.66 2,48} 16,1 L,79 2,83} 12,3 1,99 3,20 10.3 2.17 3.64( 0.6 2.51 3,17
60 | 85.6 1.20 O0.87] 55.8 1,31 1,22] 38,8 1,42 64 26.2 L.57 2.17| 21.7 1.66 2.4B| L7.5 L1.78 2.86) 13,6 1.98 3,31 11.2 2.16 DJ.67| 9.2 2.41 4,00
65 | 92,6 1,20 0.87] 60,3 1.31 1,22) 41,9 1.42 1.63 28,4 1,37 2.16| 23.5 1.66 2.48) 16.9 1.77 2.88| 14,7 1.97 3,33 12.1 2.15 3,70 9.9 2.38 4.08
10| 99.5 1.20 O,87| 64,9 1,32 1,22] 45,1 1,62 1,62 10,5 1,57 2,18| 25.2 1,63 2,50| 20,3 1,76 2,90 15.8 1.96 3,35 13,0 2,14 J3,73| 10,6 2.35 &.1%
15 | 106.4 1,20 0,87] 69,4 1.31 1,22 48.2 1,42 1,6% 32,7 1.37 2,17| 27.0 1.65 2,50| 21.8 1,78 2.88116.9 1,96 21.36| 13.9 2,13 13,75| 11.4 2.37 4.1
80 {113,3 L.,20 0,87} 73.9 1,31 1,22| SL.4 1,43 1.6 34,8 1,57 2.16) 28.8 1,66 2,50| 23,2 1.77 2,90) 17.9 1L.% D43 14.8 2,13 ).77( 12,1 2,35 4,17
90 |127.2 1,20 0.87] 8.0 1.3 1.23| 57,7 1,42 1.6% 39.1 1,57 2,18 32,3 1,65 2,52 26,0 1,76 2,93{ 20,1 1.93 D.45| 16.6 2,12 3.81) 13,5 2.31 4,28
100 | 161.0 1,20 0,87] 92.1 1,32 1.23] 64,0 1,42 1,64 43,6 1,57 2,18| 25.8 1.64 2,53) 28,9 1.76 2.92] 22.3 1,93 D,46) 18.4 2,11 3,B3| 14,9 2.28 4,37
110 | 154.9 L,21 0,87{101.2 1.32 1.23] 70,4 L.43 1,6% 47,7 1,37 2.19| 39.4 1.65 12.52| 1.7 1.76 2.94| 24.5 1,92 3.47) 20,1 2.08 3.,91| 16,4 2.29 &.36
120 | 168.6 1,20 0,88(110,2 1,32 1.23| 76,6 1L.62 1 51.9 1.57 2,20| 42,9 1.64 2,53 3,6 1.76 2.93| 26,7 1,92 J.48| 21.9 2.08 3.93| 17.8 2.26 4&.4)
130 | 182.3 1,21 O.8811%.2 1,32 1,23 82,9 L.42 L.64 356.2 1,57 2,20f 46,4 1.64 2,54 37.4 1.76 2.95| 28.9% 1,92 3.49) 23,7 2.07 13.93]| 19.2 2,25 4.4B
140 | 196.0 1,21 0,88(128,1 1,32 1,23) 89,2 L.43 L.64 60,4 1,37 2,21f 49,9 1,64 2,55 40.2 1,75 2,964 31.1 1,92 23.49)25.5 2,07 3,94 20,7 12.25 4&.47
150 1209.6 1,21 0.88)137,1 1,32 1,23] 95.4 1,62 1.64 64.7 1,57 2,20] 53,4 1,64 2,55]| 43,1 1,76 2,95] 33,3 1,92 23,49} 27.3 2,07 3,95( 22.1 12.24 4.51
160 §223.1 L.21 0,88]146.0 1.32 1.,24|1001.6 1.42 1.6 68,9 1.57 2,21} %6.9 1.64 2,55| 45,9 1,76 2.96| 35.64 1,91 3.52) 29,1 2,07 3,95| 23,6 2.25 4&.49
170 [236,6 1,21 0,88)15.9 1,32 1.24/107,9 1,43 L.64 73,1 1,57 2.21] 60.4 1,64 2.55| 48,7 1.76 2.96| 37,6 1,91 3,52]30.9 2,07 13.95%| 25.0 2.24 4.%)
180 | 250.0 1.21 0,89]16).7 1.32 1.24|L14,0 1,43 1.6% 77.4 1,37 2.21] 63.9 1.64 2,55| 51,5 1,75 2.97| 39,8 1.92 3,52|32.6 2.06 13.99| 26.4 2.23 4.56
190 | 263,4 1.21 0,89[172,6 1,32 L,24{120.2 1.4) 1,65 B8L.6 1,37 2,21 67.4 1,64 2,55| 5,3 1,75 2,97] 62,0 1,92 3,%2| 34,4 2.06 3,99]| 27.9 2.23 &, 54
200 [276.7 1,21 0,89|18L.4 1,32 1.24]/126,4 1,63 1,64 85.7 1,57 2,22] 70.8 1,64 2,56] 37,1 1,75 2.98( 44,1 1,91 1.34]|36.2 2,06 ).99]| 29.3 2.2) 4.9
120 |303,8 1.21 0,89)199.2 1,32 1,26/1)8.,8 1.4) 1.6% 94,2 1,57 2,22 77.8 .64 2.57]| 62,8 1.76 2.97| 48,5 1.91 13.33) 39,8 2,07 1,99| 32,2 2,22 4,38
260 1330,8 L.21 0,89)217.0 1,32 1.24(151.2 1.43 1.66 102,7 1,57 2,22| 84.8 1,64 2,57| 68,4 1,75 2.,98] 52,9 1,92 3.53| 43,3 2,06 4.02] 35.1 2,22 4.5
260 1357.7 1,21 0.891234,7 1.32 1.25|163.6 1.4) 1.6 L11.1 1,37 2,22| 91.8 1.64 2,57| 74.1 1,76 2,98 57.2 1.91 3.34| 46.9 2,06 4,01 38,0 2,22 4.59
280 |384.5 1.21 0,89(252,3 1.32 1.2%)176.0 L.4) 1.664 119.5 1.57 2,23| 98,7 1.64 2,58] 79.7 1,76 2,98 6l.6 1,92 3,54} 50.5 2,06 &4.01) 40.9 2.22 4,59
J00 |4ll.2 L.21 0.90{269.9 1,32 1.23]1808.3 1,43 1,66 127,9 1,57 2,2){108.7 .66 2,57] 05.3 1,76 2,99] 65.9 1.91 13.353| 54.0 2,06 4,03| 43.7 2,21 4,62
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Table 36 (Continued)

DESIGN TABLES FOR PARABOLIC GRASS-LINED CHANNELS

V| for RETARDANCE D", Top Width (T), Dapth (D) and V, for RETARDANCE "B".

Grade 1,0 Percent

Q 2.5 Y, = )0 Vi = )3 Vi = 4.0 Vi 5.0 Vi = 35 = 6.0

cle vy T D :n T D T D T :u T D 2 D

15 0,98 0.80 1,05 L.19] L3.4 44 10.3 1,24 1,74} 7.6 1.37 2.12| 3.8 2.44

20 0,98 0,80 1.05 1,10f 17.8 L.44 13,7 1,23 1L,76] 10.0 1,33 2,22| 7.6 .39 2,74

25 0.9% 0,80 1,05 1.11] 22.2 L.47 17.0 1,21 1.80] 12,5 1,33 2,21| 9.4 2,69 2,85| 6.9 1.68 1.18

30 0.9% 0,81 1,05 L.11] 26.6 1.47 20,3 1,20 1,82 14,9 1,31 2,27| 11,2 2.75 3.02| 8.2 1.64 3.28 1,88

1) 0,99 0,81 L.04 1,12] 31,0 1.47 23.7 1,21 1.81 17.3 1,30 2,30| 13,0 1.80 3,07} 9.5 1l.62 3,36 1.82

40 0.99 0,81 1.04 1,12) 33,) .48 27.0 1,20 1,83} 19.7 1.29 2,33} 14.8 2.83 3,10} 10,8 1.60 3,42 1.78 3.
45 0.99 0,81 1.064 1,13 19,7 L.44 30,3 1,20 1,84} 22,1 1,29 2.34] 16.6 2.85 3,12 12.1 1,59 .46 .75

50 0.99 0,81 1,04 1,13 44,0 L.4g 33,6 1,20 1.B4) 24,6 1,30 2,32| 18.4 2.87 J.14| 13.4 1.58 3,50 1.72

55 0.99 0,82 1.04 1,13 48,3 1.49 36,9 1,20 1,84] 27,0 1.30 2,34( 20,2 2.88 .15} 14,7 1,57 3.%) 1.70

60 0.99 0,82 1.05 L.13] 52,6 1,49 40,2 1,20 1,85) 29.4 1.29 2,34] 22,0 2.89 J.16| 16.0 1,57 3.35 1.69

65 0.99 0,82 1.05 1.13| 56,9 L.14 1,49 43,4 1,20 1,86) 31.8 1.29 2,35] 23,8 40 2.90 1.4% 3,16} 17.3 1,57 1.56 1,70

10 0,99 0,82 1,04 1,14| 61,1 1.14 1.5 46,7 1,20 1,86 34,2 1,29 2,35] 25.6 40 2,30 1.45 3.17| 18.5 1.55 1,63 1.69

73 0,99 0,82 1,05 1,14| 65.4 1.14 1,5 49.9 1,20 1,87| 36.6 1,29 2,35| 27.4 40 2,91 .44 3,21) 19.8 1.55 J.64 1.68

B0 0.99 0.,8) 1,05 1.14) 69.6 L.14 1.5 53.1 1.20 1.,87| 38.9 1.29 2,37| 29.2 40 2,91 .44 J3,21] 20.1 1.33 3,64 1.69

90 0,99 0,83 1,03 L.14) 78,2 L.6 1,54 59,7 1.20 1,87} 43,7 1,29 1,38] 32.7 39 2.9 Lot 3,210 23.7 1.54 1,66 1,67

100 0,99 0.8) 1,05 1,13] 86.7 1,14 1,54 66,2 1,20 1.,88) 48,5 1.29 2.38] 16.) 39 2,93 .64 1,213 26,3 1,54 1,67 1.67

110 0,99 0.8) 1.05 1.13] 93.2 .14 1,54 72.7 1,20 L.,868f 51,3 1.29 2,38] 39.9 39 2.95 1,64 3,211 28.9 1,54 1,67 1.68

120 0,99 0.81 1.05 1.15(103,7 1.l& 1,54 79.2 1,20 1,88 58.1 1.29 2,38| 41,3 39 2.95 L.43 3.,23) 31,5 1.54 1.68 1.67
130 0.9% 0,8) 1.05 1.13|112,1 .14 1.5Y4 @85.7 1,20 1,88] 62.8 1.29 2,39| 47,0 39 2.96 L.t 3,23 J4.1 1,54 3,68 1.67 &.26
140 0,99 0,84 1.05 1.,15/120,5 1,14 1.5 92.1 1,20 1.89] 67.6 1,29 2,)8| 50.6 39 2.9 1,63 3.24] 36.7 L.54 1,68 L.67 4.25
150 0,99 v,84 1,05 1,16/128,9 L.14 1.54 98,5 1,20 1.,89| 72.3 1.2% 2.39| S4.1 Lok 3,240 39,3 1,55 1,68 L.67 4.28
160 0.99 0,84 1.05 1,16/137,2 1,14 1.5%104.,9 1,20 1.89] 77.0 1.29 2.39| 57.7 lL.ad 3,25 41,8 1.54 3.70 L.67 4.27
L70 0.99 0,84 1.05 1.16|145,5 1,14 .53 111.3 1,20 1,89} Bl.7 1.29 2,40] 61.2 Ldh ),24| 44,46 1.5 3.70 1.67 4.29
L80 0.99 0,84 L.05 1.16/15).8 1L.14 L.5% 117.7 .20 1.89| B6.4 1,29 2.40] 64.7 L.b& 3,25| 47,0 1.5% 1,69 1.67 4.28
190 0.99 0.85 1.05 1.16)162,1 L,14 1,53 124.0 1,20 1,90| 9L.1 1,30 2,40] 68,2 L.Gh 3.25] 49.5 1.564 1,71 1.67 4,30
200 0,99 0,85 1,05 L.16/170,) L.,14 1,53 130.) 1,20 1,90| 95.7 1.29 2.40] 71,7 L.66 ),26) 52.1 1,55 1,70 1.67 4,28
<20 0,99 0,85 1,05 Lt7(1e7.0 1,14 1,53 143,1 1,20 1.90/105.1 1,29 2,41} 78.8 L.4h 3,26] 57.2 1,54 3.7 L.67 4,29
240 0,99 0,83 1,05 1,1720).6 1.14 1,53 135.9 1,20 1,90{ll4.5 1.29 2.,41] 85.9 L.66 1,26] 62,3 1,54 13,72 1.67 4.,)0
260 0.99 0.85 1,05 1.171220.2 1,14 .54 168.6 1,20 1,91)123.9 1,30 2.41] 92.9 1,46 3,27 67.5 1.3% 3.1 1.67 4.31
280 0.79 0,85 1,05 L, 1712)6.7 L.14 1,54 181.3 1,20 1,91)133.,3 1,30 2.41] 99.9 .44 3,27) 72,6 1.33 L2 1.67 4,01
joo 0,99 0.86 .05 L,17(25).2 L.05 1,54 193.9 1,20 1,91|142.6 1,30 2.42|106.9 1,66 3,271 77.7 1.535 1.1 1,67 4.1]
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Table 36 (Continued)

DESIGN TABLES FOR PARABOLIC GRASS-LINED CHANNELS

h" " -_o

Orade 4.0 Percemt

Top Width (T), Depth (D) and V; for

i vy = 25 - Vi = 3.3 Vi = 4.0 vy = A5 5.0 vy = 5.3 vy -

i8 Ve T D v, D T R A T 0 ¥ ¥ T 0 T3 D

s 0.77] 23.6 0.9 1,01 1.00 1.38) 12,1 t.08 1,69] 9.2 1.1 2,08 7.4 1,27 2.3 2,69

K 0.77] 3.4 0.9 L0t .00 1.37] 16,1 1,08 1,70 12,3 1,16 2,08| 9.7 1.23 2,48 2.9 | b4 1.47 3.12

23 0,77| 39.1 v.93 1,02 1,00 1,37( 20,1 1.08 1,71} 15,3 1,15 2,11} 12,1 1,22 2.%0 J.0Lf 7.9 1.43 3,20 6.5 1.36 3,62
W 0,79 46.8 0,91 1,02 0.99 1,38 26,0 1.07 1.73| 18.3 1.1 2,13 16,6 1.20 2.57 3.05| 9.3 1.38 3,46| 7.7 1,52 3.78
3% 0.78] 5.5 0.9 1,02 0.99 1,79 27.9 1.07 .74 21,3 1.16 2,14 16,8 1.20 2.57 30 3,16 109 1,39 3,62 8.9 1,49 3.90
40 U.78[ 82,1 0,93 1,03 0,99 1,39 31,9 1.07 1.74] 24,3 1.16 2,15)19.2 1.21 2.56 30 3.15)12,4 1,38 3.47)10.2 1.50 3.87
4% 0. 78] oY,/ 0,93 1,03 0.9 1,39 35.8 1,07 t,74| 27,2 1.13 2,17 21.% 1.20 2.%9 30 3.16]13.9 1,37 3.51) 11.4 1,48 3,95
S0 v,78| 7.3 V.3 LO) 0.99 .40 39,7 1,07 1,78} 30.2 1,13 2.17| 23.9 1,20 2.38 230 3.16) 18.4 1,36 3,54 ) 12,6 1.46 4,01
55 V.78 B4,s 0,9 104 0.99 .40 42,6 1.07 1,75] 33,2 .13 2.17| 26,2 1,20 2.60 29 3,21)16.9 1.36 3,56 1.8 1.45 4,06
oV v.79] w2 0093 104 0,99 1,40 47,4 1,07 1.76| 36.1 t.13 2,18 2B.5 1.19 2.62 29 3,20 18,6 1,36 3,57| 15.1 L.46 4.02
0% 0,790 99,0 0,93 04 0.99 1.41 $1.3 1,07 1,76] 39,0 L.13 2,19)230.9 1,20 2.61 29 3,19( 19.9 1.35 3.38] 16.3 1,46 4&.06
0 v.rufo7,0 0,93 LM 0.99 L6y 3,1 1.07 .77 42,0 1.13 2,19] 33.2 1,20 2.62 20 3,23) 20,46 1,33 3.39( 17.5 1.45 4.09
73 G163 03 LS 0.99 .64 $8.9 1.07 1.77] 44.9 1.13 2,19 35.% 1.20 2.62 29 3,22] 22,9 1,35 3.60| 18,7 1.4% 4&.12
N 0, 741216 0,9 1,08 0,99 1.43 v2,7 1.07 1.77| 47.8 L.12 2,20 37.8 1,20 2.63 28 3,26 24,4 1.3% 13.60| 20.0 1.46 4,08
90 0.80]130,5 0,93 1,08 0.99 1.43 0.4 1,07 1,78] 33,7 1.13 2,20 62.4 1,19 2.65 20 3,26] 27,4 1,38 3.82] 22,4 .48 4,12
100 G0 15,7 03 1,8 0.9 1,42 18,1 1.07 1,78| 39,6 1.13 2,20 47.1 1,20 2.8 29 3,24 30,4 1.3% 3,63 26.9 1.4% 4.12
1w V.0 [los.y 093 1L0e 0.99 t.4) 85.8 1,07 .78 65.4 1,13 2,21| 5L.7 L.19 2,65 29 3,25 23,6 1,35 3.63] 27.3 1.4k 6,16
120 2.80(180,5 U8 1,06 0.99 1.4% 93,4 1,07 1.78] 11,2 1.13 2.22| %6.3 1,19 2.66 28 3,26/ 36,3 1,3% 1,66] 29.8 .45 4,14
130 N ] L T U TR S 0.9 L.6X 1010 1.07 L.79) 17,0 (.13 2,22 60.9 1,19 2.66 29 3,26| 39.3 1.3& 3.66| 32,2 1.4 4.16
140 9.80[209,% w.v) Lo 0.99 1.4 108,5 1.07 1.79| 82.8 1,13 2.22| 65.5 1.20 2.66 28 3,20 42,0 1,35 3,66) 4.6 1,44 4,18
150 1Y ERE PO I T 0.99 .34 116,0 1,07 1,80| 88,6 1,13 2z,22| 70.1 L.20 2,66 3,28} 45,3 1,35 3,66 37.1 .45 &0
160 v.81{ 28,0 293 LW 1,00 1.53 123, 1.07 1.80} 94.3 L.13 2,23| 76.6 1,20 2,67 3.28] 48,2 1.35 3.67] 39.5 .6k 5,18
170 WL s Lot 1,00 L.ad (31,0 1.07 1,80[t00.0 1,13 2,23} /9.2 1.20 2.67 3.29] s1.2 1,335 3.67] 4L.9 1.4k 5,19
180 0.9 1,07 1.00 1,59 128,64 1,07 1,80|10%.7 1,13 2,24| 83.7 L.20 2.68 2.29] %41 1.5 .68] 54,3 LG4 6,20
19 293 L 1.00 1.%4 155.8 1.07 L.81fLil,e 1.13 2.24)| 8.2 1.20 2.68 3.30] 57.0 1.3 3.69( 46.7 1.4 .21
% g9 1,08 oo t.ss 133,207 Let|ur.a ke 2,24 92,7 1,20 2,68 2.30| 60,0 1.35 3,68 49.1 .44 .21
2y J.4) 108 1.00 1.5¢ 168,2 L.07 1,81|128,6 1.16 2,24|101,9 1,20 2,68 3.1 85,9 1,35 3,69] 54,0 .44 4.21
24 LAY LY .00 1.4¢ 183,27 1,07 1,810140,0 1,16 2,25[110,9 1,20 2.69 3,22| 71,8 1,35 3,70| s8.8 L.,44 4,22
) Loov 1,00 1.54198,0 1.07 1,82f[151,% .06 2,25}120.0 1,20 2.69 e 12 (ot ST LA D 1) 67, e U ST S 1
190 oA L9 Lo 1t 1.08 1.82{162.8 .16 2.25/129.0 1.20 .70 3.32) 83,5 1.3% 3,71] 68.5 1,4 4,22
RN oy L Loo 1 1,08 1,83f174,2 1,16 2,23|138.1 1,20 2.69 .32 89,6 1,35 A7) 7 L L)




Top Width (T), Depth (D) and Vz for RETARDANCE "B",
Grade 5,0 Percent

Table 36 (Continued)
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DESIGN TABLES FOR PARABOLIC GRASS-LINED CHANNELS
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DESIGN TABLES FOR PARABOLIC G

Table 36 (Continued)

RASS-LINED CHANNELS
>

V, for AETAXDANCE “D". Top Width (T), Depth (D) w=d V; for RETAKDANCE "N".
Grede 10,0 Percent

Q vy = 0 Vi = 2.3 Vi » L0 VW = 35 Vi = 4.0 w-e- 4.5 v, = 5.0 W = 3.3 vy =
3 {] ’
T D Va T D qn T D -_u T 1] 1M | 4 D ﬂn T /] du T 1] 1u T ] ﬂn T ] e_u

15 1.4 0.5 0,77 38.3 0.8% 0,92/ 27.2 0,69 1,14 19.6 0,73 1.%) 15,7 0,76 1.84) 12,6 oO.61 2.,18| 10.6 0,83 2.43) 8,7 0,90 2,83] 7.1 0.9 %28
20 68,2 0.5% 0.78) %0.9 0,63 0.92] 38,2 0.69 1.184 26,1 0,73 1,56| 20.9 0,76 1,87] 16.8 0,81 2.18}] 14,0 O,84 2.33| 11.5 0.88 2.91| 9.5 0,92 3.3
135 #5.0 0,36 o0.78| 63,4 0,63 0,92] 45,1 0,69 1.14 32.% 0.73 1,57} 26.L 0,76 1,87 20.9 0,80 2,20} 17,3 0.84 2,52| 14,3 0,87 12,96]| 11.9 0.92 3.37
3 |101.6 0,% o0.78] 75,8 0,63 0,92] 53,9 0.69 1.2 3.8 0,72 1,58} 31.2 oO,76 1,88} 25,0 0,060 2,22f 20,9 0,83 2,33} 17,1 0,87 2,98/ 14,2 0,91 3,42
35 |118,1 0,5 0.78] 88,1 0.63 0,93] s2,7 0,69 1.204 45,2 0,73 1.58] 36.3 0,76 1.88| 29,1 0,80 2,22} 24,3 0,83 2.57| 19.9 0,87 3,00| 16.5 0.91 3.4
40 {1%4,4 0.% 0,79{100,3 0.4 0,93] 71,3 0,89 1,24 1.5 0.73 1.59] 41,3 0.76 1.%0| 33,2 0,80 2,22| 27.7 0,89 2.38} 22,7 0,87 3,00{ 18.9 0,91 3,43
43 |1%0.7 o0,5% 0,79|112,% O.64 0,93| 80,0 0,69 1,24 57.7 0,72 1.60| 46,4 0,76 1,90| 37.2 0,80 12.24| 31.1 0©,83 2.58] 23.3 0,87 3.01] 21.2 0,91 23.43
50 166,88 0,5 0,79|126,5 0,64 0,93 88,3 0,69 1,24 03,9 0,72 1.60| 51,3 0,76 1.91] 41,3 0,80 2.58] 28,3 0.87 3,01] 23.5 0,91 1.4
55 182,86 0,356 0.79]|136.4 0.64 0,93] 97.1 0.69 1.2 70,1 0,73 1.60] 36.3 0,76 1.92] 45,3 0,80 2,60 31.1 0,87 3,00] 25.8 0.91 3.&7
60 |198.6 0.5 0.79/148.2 O0.64 0.94)105.5 0,69 1.2 76,2 0,72 1.61§ el.,2 0,76 1,92} 49,3 0,80 2,25| 41,1 0,83 2,61 33.8 0.87 23,02| 28,1 O0.91 3.47
65 | 214,32 0,57 o0.79]160,0 0.64 0,9%)113.,9 0,69 1,24 32,3 0,73 1.62| 66.2 0.76 1.92| 33,2 0,80 2,26 44,4 0,83 2,62] 36,5 0,87 3.04 30,3 0.91 3.51
70 229.9 o0.%7 0.79(171.6 0,64 0,94|122.2 0.69 L.23 86,4 0,73 1.62| 7L.0 0.76 1.93] 57.2 0.80 2,.26| 47,7 0.83 2.63] 39,3 0,87 3,03] 32,6 0.91 1.50
78 |24%.4 0.37 0.80]183,2 0.64 0.94]130.5 0,69 1,23 94,4 0,73 1.62f 75.9 0,76 1,94] 61.1 o0.80 2.27] 51.0 0,83 2,63] 42,0 0,87 3,04 4.9 0,91 3,30
80 |260,7 0.%7 0.80[194,6 0,64 0.9%/138.6 0.69 1.24 100,3 0,73 1.63) 80.7 0.7b 1.94] 6%.0 0,80 2,27| 54,3 0,83 2,63 4.7 0,87 13,04] 37,1 0.91 1,52
90 |292,1 0,37 o0.80}218,1 0,64 0,93/155.4 0,69 1.24 112,5 0,73 1,64 90.5 0,76 1.93 73,0 0,81 2.27]| 00,9 0.8 2.84] 30.1 0.87 3,06] 41.7 0.91 3,32
wo |323.3 o0.%7 o.80/261.% 0,64 0.95/172,1 0.89 1,24 124,6 0,73 1.04|100,3 0,76 1,93| 80.9 0,81 2.28] 67,5 0,8 2.63] 35.6 0.87 3.06] 46,2 0,91 23.33
110 | 35,3 0.%7 o0.80!264,6 0.64 0,96/188,6 0,69 1.24 136,7 0,73 1,64[t10,0 0,76 1.96] 88,7 0.81 2.29] 74.1 0,83 2.65( 61,0 0.87 3,07| 50.7 0.91 1.3
120 | 385.0 o0.57 0.80|287,6 0.64 0.96/205.0 0.69 1.2§ 148,7 0,73 1.63|119.6 0.76 1.97] 96.% 0,81 2,29| 80,6 0,83 2.66| 66,4 0,87 3.08f 55.2 0.91 3.35
130 Y415.5 0.57 o0.81/310.3 0.6% 0.96/221,) 0.69 1,24 160,6 0,73 1.65{129.3 0.76 1.97 104,3 0,81 2.,30| 87,1 0,83 2.67| 71.8 0,87 3.08] 59.7 0,91 3.55
140 {445.7 0,%7 0.81/233,0 0,65 0,96/237,5 0.69 1.24 172,53 0,73 1.65/138.8 0.76 1.97/112,1 o0.8% 2.3%0| 93.,% 0.83 2.68! 77.1 0,87 3,09 b4.2 0.91 31.53
150 {47%.7 0.5 0.81]355.4 0,65 0,97]233.6 0.69 1.24 184,2 0,73 1.66]146,4 0,76 1.97)119.8 0.81 2.30]100,0 0,83 2.68| 82.% 0.88 3,09| 68,6 0,91 3.57
160 | 505.% 0.58 o0.812377.7 0.6% 0.97]269.% 0.69 1.29 195.9 0.73 -.m"_ 1%7,8 0,76 1.98/127.4 0.81 2.31§106.4 0.83 2.69| 87.8 0.88 3,10 73,0 0,91 3.%58
170 | 53,0 0.58 0,81 2399.7 0.6% 0.97/285%.3 0,69 L.2] 207.6 0,73 1.66]167,2 0.76 1,98 135.0 o0.81 2.32f112.8 0,03 2.69] 93.0 0.87 3,11} 77.5 0.91 1.%7
180 | s64,3 0,%8 o0.8Y421.,7 0.6% 0.970201,0 0,70 1,24 219.1 0,73 1.67176.6 O.76 1.99 142,6 0,8% 2.32{119,1 0,83 2,70/ 96,3 0,88 3.11| 81,8 0.91 J.39
190 | 593.4 0.s8 o0.82 443,4 0,65 0.98 316,6 0.70 1,24 230.6 0,73 1,67 1859 0,76 1.99|150.1 0,01 2,33{125.6 0,83 2,71j103.5 0.88 3.12 86,2 0,91 .59
200 | 22,2 0,58 0.84465,0 0,65 0,94 332,1 0,70 1.24 242,1 0.73 1.68 195,2 0,76 1,99|137.6 0,81 2,33)J131.7 0,83 2.71j108,7 0,88 3,13} 90.6 0.92 1.%9
220 | 81,9 0,58 o©.83 %09.6 0,65 0.98 364,1 0,70 1.29 265,5 0.73 1.681214,1 0,76 2.00 173.0 0,81 2.33)144,.6 0,83 2,71]119,3 0,88 3,13} 99.4 0,91 1.80
240 | 741,10 0.58 0,82 3%).8 0,65 0,99395,9 0,70 1,29 288,8 0.73 1.68/233,0 0,76 2,00 188,21 0.81 2.34|137.,4 0.84 2.72]/129.9 0.88 13.13/108,3 0.92 1,60
260 | 799.9 0,58 0.82] 597.7 0.6% 0.99|427.4 0,70 1.29 312,0 0.7) 1L.69251.7 0,77 2.01 203.4 0,81 2.3(170.1 O,84 2,72{140.A 0,88 3,14{117,0 0,92 3,61
280 | 858.2 0.580 0.8 641, 0,635 0.9 0,70 1,34 335,0 0,73 1,69 270,64 0,77 2.01}218.,5% 0,01 2,33/182.7 0,84 2,731130.9 0,00 .15/ 125.8 0,92 3,62
300 | 916,0 0,59 0.8} oB4,6 0.65 0,9 0,70 1,34 357.9 0,73 1.69%289,0 0,77 2,01/233,5 0,81 2.35/195.4 0,84 2.73|161.3 0.08 3,15 134.5 0.92 3.62
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