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7.5.1.6 Trees, S‘:?as ctc.
Trees. shpDs etc. are used to stabilizéxgeverely eroded gullied area. |
Gc:r“"Xgnllicd area is fenced and treés are grown. A plant spacing

of 1 x1m, 1.2 x1.2mora maximumof 2 x 2 m should be
maintained. ' '

7.5.2 Engincering Measures (Temporary and Permanent)
L 775.2.1 Temnorary Gully Control Structures (TGCS)

TGCS have a life span of 3 to 8 years and they are pretty effective
where the amount of runoff is not too large. These are made’of
locally available materials. Basic purposes they serve are to retain
more water as well as soil for proper plant growth and prevent
chine! erosion until sufficient vegetation is established on the -
upstream side of the gully. TGCS are of many types:

« Woven wire check dams
« Brushdams |

« Loose roclk dams

Plan or slab dams

Log check dams

/

« Poantler check dams
7.5.2.2 Permanent Gully Control Structures (PGCS)

If the erosion control programmer requires bigger structure, then
PGCS are used. !'hicy include:

« Drop srihvay

O\
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« Drop-inlet spillway
« Chute spillway

« Permanent earthen check dams

7.6 Design Criteria ol TGCS

/_,-/The overall height of a temporary check shouldn’t ordinarily be more

than 75 cm. An cffective height of about 30 cm is usually considered
sufficient. Also, sufficient [reeboard is necessary.

Life of the cheek dams under ordinary conditions should be in between 3
to 8 years.

«/Spillway capacity of check dams is generally designed to handle peak
runoff that may be expected once in 5 to 10 year return period.

« Since the purnnse of check dams in gully control is to eliminate grade in |
the channel, check dams theoretically should be spaced in such a way |

that the crest elevation of one will be same as the bottom elevation of the
~adjacent dam up-stream.

As an intecral part of most of the checks dams, an apron or platform of

suffic’ent icrieth and width must be provided at the down-stream end to
catch the waler falling over the top and to conduct it safely without
scouring.

7.6.1 Woven \Vire_Chcclf Nams

Woven-wire check dams are small barriers which are usually constructed
to hold lie material in the gully (Fig. 7.6).

General:

. Used in gullies of moderate slopes (not more than 10 percent) and

small drainage areas that do not have flood flows which carry
rocks ane " nlders.

1

- Help in the establishment of vegetation for permanent control of
erosion,

» Dam is built in half-moon shape with the open end up-stream.

The amount of curvature is arbitrary: but an off-set edual to 1/6'
of the width of gully at the dam site is optimum. |

Construction:

» To conctruct a woven-wire dam, a row of posts is set along the
curve ¢ © - proposed dam at about 1.2 m intervals and 60-90 cm
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deep.

. Heavy gauge woven wire is placed against the post with the lower
part sct in a trench (15-20 cm deep), and 25-30 cm projected
alove e oround surface along the spillway width.

. Rock, brush or sod may be placed approximately up to a length of
1.2 m to form the apron.

« For scaling the structurg, straw, fine brush or similar material
shaull e nlced againet the wire on the upstream side upto the

heicht ol spiibway.

R ﬁi_i gk g ‘J‘
SCETION AT A-A

A Sad B , Countersunh
1.2 n.mie, =i Lod crest
> A t

Tompe

Fig. 7.6. Woven wire check dams. (Source: Agr. Handbook No. 61. USDA,
SCS).

7.6.2 Brush Doms
Genenral:

. Cheap and easy to build, but least stable of all types of check
dams. '

. Best suited for gullies with small drainage area.

. Center of the dam is kept lower than the ends to allow water to
flow over the dam rather than around it (Fig. 7.7).

Conctyiefinn:

. For a distance of 3-4.5 m along the site of the structure, sides and

bottom of the gully are covered with thin layer of straw or similar
finc mulch.

« Bruches are then packed closely together over the mulch to about
onc ha « “the proposed height of dam.

=
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« Sovernl rwvs of stakes are then driven crosswise in the gully, with
rows 60 <. apart, and stakes 30-60 cm apart in the rows.

. Heavy galvanized wire is used to fasten the stakes in a row, as
well as to firmly comnress the brushes in places.

. Sometimes laree stones are also placed on top of brush to keep it
compr “and in close contact with the bottom of the gully.

. Major weakness is the difficulty of preventing the leaks and
constant attention is required to plug openings of appropriate size
with straw as they develop.
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Fig. 7.7. Brush dam. (Source: Agr. Handbook No. 61. USDA, SCS).

7.6.3 Loose Rock Dams

Loose rock dams made of relatively small rocks are placed across the
gully (Fig. 7.8). The main objectives for these dams are to control
channel erosion along the gully bed, and to stop waterfall erosion by
stabilizing gully heads. LLoose stone check dams are used to stabilize the
incipient and small gullies and the branch gullies of a continuous gully or
gu'lv netv ok, The length of the gully channel is not more than 100 m
and the gully catchment area is 2 ha or less. These dams can be used in |
all regions.

General:
Suitable for eullies with small to medium size drainage area.

Used in areas where stones or rocks of appreciable size and
suitable quality are available.

Flat stones are the best choice for dam making.

‘4"
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. Stones ean he laid in such a way that the entire structure is keyed

together.

ar shaped stones are used, structure is generally

. If round or irrceul .
prevent outside stones from being

encased in woven-\wie so as to
washed away.

. If the rocks are small, they should be enclosed in a cage of

woven-wire.

Construction:

. A treneh is made across the gully to a depth of about 30 cm. This
forms the base of the dam on which the stones are laid in rows

and are brought to the required height.
The center of the dam is kept lower than the sides to form
spillway.

To serve ns an apron, several large flat rocks may be countersunk
below the spillway, extending about 1 m down-stream from the

base of the dam.
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Fig. 7.8. Loosc rock dam. (Source: Agr. Handbook No. 61. USDA, SCS).

7.6.4 P!an'e or Slab Dam

General:

. These dams arc suitable in areas where timber is plentiful, and
dam can be constructed with much less labor as compared to
other tvpes of temporary structures.

o These duiis can generally be used in gullies with larger drainage
area.

Construction:

» The plinks are placed across the gully to form the dam. If the

03
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planks are not close Miting, straw or grass may be used for sealing

purnposes,

« A suitable opening for the spillway notch is made over the
headwall. On the up-stream face, a well tempered earth fill is

made.

« On the down-stream, the apron may be made of loose rock,
brust:, ~o b or planks.

7.6.5 Log Check Dam

They are similar to plank or slab dams. Logs and posts used for the
construction are placed across the gully. They can also be built of planks,
heavy hanrils slabs, poles or old railroad ties. The main objectives of log
check duni are to hold fine and coarse material carried by flowing water ?
in the gully, and to stabilize gully heads. They are used to stabilize
incipient, small and branch gullies generally not longer than 100 m and
with catchment areas of less than two hectares. The maximum height of
the dam is 1.5 m from the ground level. Both, its downstream and
upstrearn Miee inclination are 25 percent backwards. The spillway is
rectangular in shape. In general, the length and depth of spillway are one |
to two meters and 0.5 to 0.6 m respectively (Fig. 7.9).
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Fig. 7 9A. Front view of the first log check dam. (Source: Agr. Handbook
No. 61. USDA, SCS).
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Fig. 7.98. A-A cross-section of the first log check dam and counter dam.
(Source: Agr. Handbook No. 61. USDA, SCS).

7.6.6 Boulder Chc‘ck Dams

Boulder check dams placed across the gully are used mainly to control
channe! ¢rosion and to stabilize gully heads. In a gully system or multiple- |
gully system all the main gully channels of continuous gullies (each |
continuous gully has a catchment area of 20 ha or less and its length is
about 900 m) can be stabilized by boulder check dams. These dams can |
be used in all regions. The maximum total height of the dam is 2 m. |
Foundatian depth must be at least half of the effective height. The
thickness of the dam at spillway level is 0.7 to 1.0 m (average 0.85 m),
and the inclination of its downstream face is 30 percent (1:0.3 ratio); the

. thickness of the base is calculated accordingly. The upstream face of the
dam is usually vertical. Tf the above-mentioned dimensions are used, it is
not necessary to test the stability of the dam against overturning,
co'lapsii o aod sliding. The dimensions of the spillway (Fig. 7.10) should |
be compuled according to the maximum discharge of the gully catchment
area. The form of the spillway is generally trapezoidal.

oY
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Fig. 7.10. Front view of the boulder check dam. (Source: Agr Handbook
No. 61. USDA, SCS). ,

Problem 7.1: Design the notch dimensions of a wooden slab dam to carry a peak

flow of 0-6 m>/sec. The notch has rectangular opening. Width of gully channel is .
2:5 m. ,

Solution

Q=046 m>/sec = 600 litres/sec
Length, L, of notch = wid'h of gully channel
= 2;5 m =250 cm
'Q=0-0171 LH*?
Substituting the values in the formula,
600 = 0-0171 x 250 x H*?
H=27-01 ci, say 27 cm
Assume a freeboard of 5 cm

Total depth of notch =27 + 5 =32 cm

The desion dimensions of the notch are: length 2:5 m; total depth 32 cm.

Keywords: Gully erosion, Permanent structures, Temporary structures,
Vegetative measures.
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Lesson 8 Drop Spillway

The drop structure is a weir structure, is limited to a maximum drop of 3m
and it is not o Mvorable structure where temporary spillway storage 1S
desired 1o obtuii « large reduction in the discharge at or d/s from the

structure.

8.1 Permanent Gully Control Structures (PGCS)

PGCS, built of masonry, reinforced concrete or earth are efficient g
supplemental control measures in soil and water conservation. They are
helpful in situation where vegetative measures or temporary structures fail to
serve the purpose of controlling the concentration of runoff or reclaim a gully.
PGCS are oenerally used in medium to laree gullies with medium to large
drainage arcr. OCS are designed to handle runoff from the heaviest rains |
that may be expected once in 25 to 50 years or more depending upon the
‘estimated life of the structure. Three basic permanent structures, generally
employed in stabilizing gu''ics are:

1. Dron sniway
2. Drop inlet spillway
3. Chute spillway
8.2 Salient Features of PGCS
1. The main Mnctions of PGCS fu‘é:
a) To halt the advance of over-fall at gully head,

b) To stabilize the ¢rade so that a gully can be changed to vegetative
waterway.

2. A gully control structure must not only have sufficient capacity to pass the
design discharge, but the kinetic energy of discharge must also be dissipated |
within the confines of the structure in a manner and to a degree that will
protect both the structure and the downstream channel from damage.

3. Two primarv causes of failure of permanent structures are:
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a) Insuflicient hydraulic capacity and
b) Insufficient provision for energy dissipation.
8.3 Plhnning for Design

These structires must be desioned after careful investigations of various
factors influencing the characteristics of runoff approaching the structure |
(with reference to specific site conditions), the downstream flow
characteristics and other specific requirements. There are no standard
solutions which can be applied to all the problems encountered in the field.
The desion «hen'd include analysis of all the factors affecting the work. Basic

data necded aic:

1. Topographic map of the contributing watershed and the adjoining
downstream area,

2. Informatinn on soil. | i
.. : |
3. Information on rainfall. |
4. Existing land use pattern.
Preliminary investigations consisting of:
1. Reconnaissance of area, |
2. Collection and analysis of available data and

3. Outline survey are pre-requisites in the overall planning of a
permanent structure. |

This helps the designer to study alternative site locations and to establish the |
techno-economic feasibility of the project. In the absence of adequate data, a |
safe design requires conservative assumptions. However, every effort should
be made to collect all the available data. The more dependable the data, the
smaller is the marein of over design and more economical will be the resulting |
structure.

8.4 Design Procedure
The desien procedure of a PGCS may be divided into three phases:
1. Hydrolooic design
2. Hydraulic design
3. Strﬁclural design
8.4.1 Hydrologic Design

1.1t involves the determination of the design runoff rates and volumes

o6
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which the strncture is expected to handle.

2. Prediction of design peak runoff rates and flood volumes includes the
study of the factors influencing the runoff characteristics of rainfall
and watershed.

3.1t is desioned to handle runoff from the heaviest rain expected once in
25 40 > cears or more, depending upon the estimated life of
structure.

4. For the design of spillway for flood protection structures like drop
inlet spillway informat'on on total runoff volume, inflow-outflow,
reservoir staoe and stornge characteristics are important. -

5. Flood routing procedure is employed in designing the spillways of
drop inlet structures.

6. The Rational method of predicting peak runoff rate can be employed
for desioning drop structures and chute spillways.

'8.4.2 Hydrauiic Design

1. It ihvolves the study of the requirements of the dimensions of the
structure, in order to handle the estimated peak runoff through drop
“and chute structures.

2. Tt also invo'ves the study of the effects of flow on the upstream and
downstream reaches of the channel and the dissipation of the Kinetic
energy produced by the drop in the water surface elevation.

8.4.3 Structural Design

1. It provides the required strength and stability to the component parts
of the structure. It involves the analysis of the various forces acting
on the structure. The forces are:These forces disturb the equilibrium
of the structure and vive rise to internal stress, which should be
efféctively resisted by the material with which the structure is

construg -l

a. The water pressure (static and dynamic) which acts on the
structure.

b. The forces developed due to the outflow over the structure.

c. The effect of water flow underneath the structure (seepage,

sub-surface tlow).

2. These forces disturb the equilibrium of the structure and give rise to
internal stress, which thould be effectively resisted by the material
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with which the structure is constructed.

3, The structure must be stable under the action of the external forces
and be able to withstand the sliding forces resulting from its own

weight.
8.5 Basic Comnanents of PGCS
1. These components can be divided into three groups:

a) Inlet: Water enters the structures through the inlet, which may be in
the form of a box or weir in a wall,

b) Canet't: The conduit receives the water from the inlet and conducts it

through tie stucture. It restricts the water to a definite channel The
cohduit may be closed in the form of a box channel or it may be open as
in a rectangular channel.

¢) Outlet: Its function is to discharge the water into the channel below at
a sale volaeity. The outlet should provide for the dissipation of kinetie
energy ol e discharge within the confines of the structure.

8.6 Drop Spillway

It is a weir structure, in which flow passes through the weir opening, fall or

drops on an annroximately level apron or stilling basic and then passes into the

downstream c¢ivnnel. Its use is limited to a maximum drop of 3 m. It is mainly |

used at the gully bed to create a control point. Several such drop structures
are constructed across the gully width throughout the length at fixed intervals.

The series of such structires, develop a continuous break to flow of water,

causing deposition of sediments and thus filling the gully section. Sometimes,
the drop strchires are also used at the gully head to pass the flow safely and

controlling the gully head. The different components of drop structures are

shown Fig. 8.1.
8.6.1 Components and Frnctions

1. Head w»'": Tt acts as a {ront wall against runoff flow in the drop
spillway. 1 is constructed across the gully width. A notch of suitable
size is also made at the top in the headwall for easy water cénveyance.
Rectanaular notch is most commonly used. The size of the notch
should be sufficient to allow the water very safely.

2 Tlead W' Tetension: Tt is the extended portion of head wall into the
gully sides. it permits stable fill and prevents piping (due to seepage)
.around the structure. Its main function is to provide structural strength
against sliding of the structure and also to prevent the flow of water
from the sides of the drop spillway.

ok o
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3. Wing Walls: These are constructed at the rear end of the structure
with son iaelination, usually at 45° from the vertical. These walls are
extended up to the gully sides and perform the function of prefventmg

“the flow backward into the space left between gully wall and side wall

of the structure. They provide stability to the fill and protect the gully
banks and surface. ! :

. Cut-0fl "<t These are constructed to provide structural strength
against sliding of the structure. They increase frictional resistance of the
structure which opposes the force causing the slide. In other words,

cut-of[" walls act as a key for the structure, prevent piping under the
structure besides reducing uplift and sliding.

. Toe Wal's: Prevent undercutting of apron.

.Side Walls: These are constructed in the side along the gully walls.
They cuide the water and protect the fill against erosion. The function

“of the side walls is to prevent splashing of water over the gully banks
and al<o to confine the water flow within the apron.

-End Sills: These are the elevated portion of rear end of the apron. Its
main function is to obstruct the water from directly moving into the
channel below. They also raise the tail water level to create hydraulic
jump and to dissipate t!ic energy of the flowing water.

- Loraitutint Sills: These are constructed in the apron section. They

are construcied lengthwise parallel to the side walls. The sills are useful
to make the apron stable.

-Apron: It is one of (he main downstream components of the straight

drop spillway as it receives the gully flow with high velocity and
+changes e flow regime so as to minimize the soil erosion on the
downstream channel. It includes several elevated blocks to make the
apron surface rough. This feature of apron is responsible for dissipating
the maximum kinetic energy of falling water by creating hydraulic
Jump. As a result the velocity of outflow water is significantly reduced.
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Fig. 8.1. Drop spillway. (Source: -----===----- ) '

The drop structure is used to control the velocity of runoff in a channel by
allowing the water to fall from higher elevation to much lower elevation. The
main three purposes of drop spillways are as follows: ;

. 1. To provile u transition between a broad or flat waterways and ditch |
or gully section. i
]

2. To raise the flow line to allow formation of sufficient soil depth for
. vegetative growth where bottom of the gully is at risk.

3. To raise the (low line of the waterway so as to provide drainage in
case of wet waterways. S '

8.6.2 Uses of Drop Spillway

1. To control gradient in either natural or constructed channels, To
control L '=water at the outlet of a spillway or conduit.

2. To serve as a reservoir spillway where the total drop is relatively low.

3. To serve as inlet and outlet structures for tile drainage system in
conjunction with gradicnt control.

4. To use as erade stabilization in lower reaches of waterways and
outlets. '

5. To use as erosion control, to protect the roads, buildings etc.

6. Straight drop spillway as an outlet in tile drainage system and for

relensine e ierjoation water into the field in irrigation system.

7. In the reservoir, for letting out the water through low height drop
spillway of less than 3 m, ‘

OF
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8. For controlling irrieation in {he water distribution system and 4 ;

o As an outlet for disposing surface water from large areas, especially
with dra e ditehes.

8.6.3 Material for Construction

For most soil conditions, drop spillways may be built of any of the
construction materials adapted for use in hydraulic structures. It may be
conerate, masonry, concrete blocks etc. Reinforced concrete is most
widely use . and has been very satisfactory in terms of long life and low
annual cost. In case a number of structures are involved, the selection of |
material should be based on the required life span of structures and
annual cost comparicon, which includes maintenance, of the structures
built of different available material.

8.6.4 Advantages R

1. Stability: It is very stable and likelinood of serious structural damage
is remote.

2 Non-Claooine of Weir: As rectangular weir is used in this case, there
is less like' - nd of clogging by debris.

3. Majntenance cost is low.
4. Tt is relatively easy to construct and economical.

s Standardization: The designs may be standardized which result in
savinos in vt Lineering and constructional costs.

6. The danger.of undermining by rodents is not possible in this
structure.

8.6.5 Disadvantages

1. Use is limited to a maximum drop of 3 m. They may be costlier than
other structure.

2. It is not a favourable structure where it is desired to use temporary

spillway storage to obtain a large reduction in the discharge at or
downstres from the structure.,

3. In the arcas where discharge is less than 3 m3/s, the construction of
straight drop spillway proves to be costly affair, and thus should not

be preferred.

4.1 the eu"'v arade below the structure is not stable then it is impossible
to construct 4 drop spillway.
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Lesson 9 Drop Inlet Spillway

A drop inlet or shaft spillway is one in which the water enters through a

" horizontally positioned circular or rectangular box type riser or inlet and

flows to some type of outlet protection through a circular (horizontal or near
horizontal) conduit. The d-op inlet spillway is ideally suited to conditions
when there is need to control the downstream channel flow by providing a

. temporary storo e upstrenn:ff the structure. It consists of an earthen dam
*provides the temporary storage of runoff from '

and a pipe spillway. The da

' the contributing watershed while the spillway permits the design discharge to
pass downstream (Fig. 9.1). Tt is adapted where drop is > 3.0 m. The drop
inlet structure (Fig. 9.1) consists of the inlet, conduit and the outlet. Where
the inlet is fnnel shaped, this type of structure is often called as Morning |

]

glory or Glory I -ic spillway.
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Fig. 9.1. Drop inlet spillway and its components.
(Source: Michael and Ojha, 2012).
Advantages

. Drop inlet structures are used in gullies towards the downstream part
“to create storage of water. '
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. These structures not only help in protecting gullies but also create
water storage.

« The stored water could be useful for irrigation or other farm use
purposes.

- A laree number of drop inlet structures will have a retarding effect on
downstream flows. A reduction in the sédiment load could also occur.

« An corthen embankment helps in storing the water and the drop inlet
essentially icis out the excess water safely.

« These are frequently used for headwater flood control and as outlets
for farm ponds~and reservoirs, silt detention reservoirs and settling
basins.

« They are su'table as gully control struffuires for the stabilization and
control of advancing gully heads wHen the gully is more than 3 m
deep.

. They are relatively simple to build.
9.1 Design of Den tulet Spillways
The design consists of hydrologic and hydraulic designs.
9.1.1 Hyrologic Desiyn

The hvdealanic design of the drop inlet structure consists of knowing both |
the pewic o .¢ of runoll expected and also the inflow hydrograph. The
latter is needed as temporary storage.of water is created in case of these

structures. The outflow will not be same as the inflow like in drop or
chute spillways.

9.1.2 Iy rerelie Design

To understand the hydraulic design of the structure, the different types of
flow that occur in the conduit are to be considered. The flow through the
structure could be controlled first by the inlet and latter by the conduit. A
typicai discharge characteristic curve is shown in Fig. 9.2. To calculateg

the it e capacity of straight drop inlet spillway, the following wely
formula is vsed.

(9.1)

where, @ = peak discharge rate to be handled by the structures (m3/s); g
= acceleration due to gravity (9.81 111/52); H = head over the crest (m); |
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