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GRASSED WATERWAY UNDERDRAINS

This EFM supplement has been developed to provide guidance in applying
the concept of and designing underdrains for grassed waterways.

Background

Many grassed waterways in Indiana are constructed in areas where
geologic or hydrologic conditions result in seepage or prolonged base
flow. This nearly continuous, small flow results in waterways that
are difficult to establish and maintain. Some type of surface inlet
and underdrain are frequently installed to deal with the situation.

In the past, waterway underdrains have been designed in two ways. One
approach is where the drain was sized only large enough to remove the
soil moisture from the waterway area itself. This usually resulted in
a minimum size drain with inadequate capacity when a surface inlet was
installed. The other approach was based on the amount of soills
needing drainage to produce agricultural commodities in the entire
contributing drainage area. This approach frequently resulted in
drains larger than practical with respect to what drainage
installation may have been expected.

A method is described here where hydrologic soil groupings of the
contributing drainage area are used as an indicator of what seepage or
base flow quantity may be expected to design underdrains for grassed
waterways.

Procedure

Group the soils of the contributing drainage area into hydrologic soil
groups (HSG). Use the following guideline to establish the
appropriate design discharge for the drain.

Use 1.0 csm1 for watersheds where soils are predominantly
(85% or more) HSG B. The remaining portion
could be either HSG A or C.

Use 1.5 csm for watersheds that are predominantly an even
mix of HSG B and C soils. The remaining
portion could be either HSG A or D.

Use 2.5 csm for watersheds where soils are predominantly an
even mix of HSG C and D soils.

“The abbreviation csm stands for cubic feet per second per square mile
or cfs/sqg mi.

{ EFM Motice IN-56, December 1990 )



Use 3.5 csm for watersheds where soils are predominantly HSG
D or the watershed hgs significant seepage or
spring fed baseflow.

Example: A watershed has a contributing drainage area of 340 acres.
Soils are approximately 50% HSG B and 50% HSG C. The design drain
discharge would be established by:

1.5 cem * 340 acres

640 acres/ sqg mi

Once the required discharge is computed, the drain can be sized using
Exhibit IN 7-9 or IN 7-10 for plastic tubing or rigid tile,
respectively.

The most critical consideration in this type of installation is the
inlet to the drain. The design discharge must be able to pass through
the inlet for the drain to be fully effective. The inlet must also be
designed so as to not overload the drain which could result in
operation and maintenance problems. The inlet should have a design
capacity less than the gravity flow drain capacity unless provisions
are made for pressure flow.

In situations where the waterway underdrain will connect to an
existing tile main or a new main in a system, it is extremely
important that the capacity of the inlet be limited to a rate that
will not overload the system. In these instances the design procedure
may be used in reverse. The design Q required for the inlet may be
considered to be the currently unused portion of the tile capacity.
Inlet capacity may be limited by the open area of the inlet, an
orifice plate in the riser, or by reducing the size of the connecting
pipe from the riser to the tile main. Lengths of non-perforated
conduit, breathers, and relief wells may also be incorporated in the
design of the underdrain system to effectively deal with pressure flow
conditions.

The inlet to the drain should be constructed by installing a shallow,
rock lined basin with a surface inlet pipe in the center. The surface
inlet pipe may be either cut flush with the ground and installed with
a trash guard or it may consist of a standard riser that might be used
in a wascob or terrace. If the pipe is installed flush with the
surface of the basin bottom, the pipe capacity should be computed
using the orifice flow egquation and a design head of the basin depth
plus one-guarter of the waterway design depth. If a standard riser is
installed, the effective opening area should be established using the
depth of the basin plus one-guarter of the waterway depth. The design

EUnless the spring flow quantity can be measured or estimated more
accurately.

( EFM Notice IN-56, December 1990 )
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head for use in the orifice flow equation should be equal to 0.5 times
the depth used for the effective opening area. 1In either case,
maintenance, removing debris from the inlet, removing sediment, etc.
will be a major factor in the successful operation of the
installation.

TYPICAL CROSS SECTION OF BASIN

SMTNTMLN LENGTH IS BASIN DEFTH (1° MIN.) PLUS
WATERWAY DEPTH OR 3 FEET WHICHEVER IS GREATER.

T¥RICAL CROSS SECTION OF BASIN

HMININUY LENGTH IS5 BASIN OEPTH (f° MIN.} ALUS
W TERWAY DEPTH OF F FEET MHICHEVER IS GREATER.

Example: A 6 inch diameter riser having 24, 1 inch holes per foot of
riser has an effective open area of 0.131 sq ft/ft (See Exhibit IN 7-
11). Assume the grassed waterway design process resulted in a design
depth of 1.2 feet. If a 1 foot deep basin is constructed, the total
effective riser open area is (1 foot + 1.2 feet/4)(0.131 sg ft/ft) =

0.17 sq ft.
The design capacity of the riser is

o=ca(2gH) /2 =(0.6) (0.17) [64.4(1.3) (0.5)1>/2%= 0.66 cfs, Too small

{ EFM Notice IN-56, December 1990 )}
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Try an 8 inch riser, open area is (1.3 feet) (0.196 sq ft/ft) = 0.26 sq
It.

The design capacity of this riser is

1/2

Q=Ca(2gH) */%=(0.6) (0.26) [64.4(1.3) (0.5)]1>/%= 1.0 cfs, OK

Example: A 6 inch diameter riser is sized for the same channel and
basin. It will be installed flush with the hcttnm of the basin. The
inlet open area is

A= r2 = (3.14) (6 inches/(2)12 inches!ft}2 = 0.20 ft

1/2

= 0.6 (0.20) [64.4(1.3)] 1.1 cfs, OK

Example: The same 340 acre watershed in the examples above has a
subsurface drainage system draining approximately 75 acres with a 10
inch plastic tile main laid on a 1% grade to the outlet. The planned
waterway is located where the 10 inch main can be used as the
underdrain. Assuming a 3/8" drainage co-efficient (for good
agricultural drainage), the 10 inch main is currently carrying
approximately 1.2 cfs discharge from the subsurface drainage system.
(From exhibit IN 7-9) Its total capacity flowing full is
approximately 1.7 cfs. The capacity that is available for the surface
inlet would be 0.5 cfs.

Try a 6 inch diameter riser with 24, 3/4 inch holes per foot. From
exhibit IN 7-11, the hole area is 0.074 sgq.ft./ft. The effective
riser height computed in the earlier example was

1 foot basin depth + 1.2 feet design waterway depth/4 = 1.3 feet

Total effective opening area = 1.3 (0.074) = 0.10 sq.ft.

Head on orifice(s) = 0.5 (1.3) = 0.65 feet

1/2

Q= 0.6 (0.10) [64.4 (0.65)] = 0.39 cfs OK

{ FFM Norire TH=G8/. Neramhas 10400 3
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Exhibit IN 7-10 OF SMOOTH RIGID DRAINAGE TILE




Iglet Rows of Slot Area 1 Holes Hol? Areaifsq f?;ft} 1
Diameter Slots (sqg ft/£ft) per foot 3/4 inch dia. Ilinch dia.
6 4 0.128 24 0.074 0.131
8 6 0.201 36 0.110 0.196
10 8 0.268 45 0.138 0.245
e 10 0.336 54 0.167 0.295
1

Slots are 3/4 inch by 4 inches spaced vertically 7 inches center to
center. If one inch slots are used, multiply the slot area for 3/4
inch holes by 1.33.

Exhibit IN 7-11

Effective Open RArea, sg ft

Head, ft 0.1 0.2 0.3 0.4 0.5 1 1.5 2
0.1 0.15 0.30 C.46 0.61 0.76 1.52 2.28 3.05
0.5 0.34 0.68 1.02 1.36 1.7¢C 3.40 5.11 6.81
1 0.48 0.96 1.44 1.583 2.41 4.81 T.22

1.5 0.5% 1.18 1.77 2.36 2.95 5.90

P 0.68 1.36 2.04 2.72 3.40 6.81

2.5 0D.76 1.52 2.28 3.05 3.81 T.61

Exhibit IN 7-12 Orifice Flow Capacity of Open Riser, cfs
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Exhibit IN V=13

{ EFM Notice IN-56, December 1920 )}





