PROFORMA FOR ADOPTION OF DRAFT INDIAN STANDARD
BUREAU OF INDIAN STANDARDS

Subject: Approval of Draft Indian Standard

SI. No. | Doc. No. TITLE

1, WRD/10/ 23313 | Protection of Slope for Reservoir Embankment — Code of
Practice (Second Revision)

In accordance with Part Il, sub-rule (2) of rule 22 of BIS Rules 2018, | enclose a copy of
the draft Indian Standard mentioned above finalized by the Sectional Committee WRD 10
and its Chairperson, in the light of comments received from important stake holders.

It is requested that this note and its enclosures may be returned to this office as early as
possible recording your approval of the above draft Indian Standard.

Encl.: As above.

Chairperson, Water Resources Division Council
BIS U.O. No. WRD 10/T- 08
Dated: oq/of,"/w Yy

APPROVED W L

(Chairperson)
Water Resources Division Council

= AET/KUSHVINDER VOHRA
JEgEY / Chairman
4 T G/ Central Water Commission
oo 9fE Hsed /Ministry of Jal Shakti
ofer daee, & e S W g3
Deptt. of Water Resources, RD & GR
HRA G/ Govt. of India
% R /New Deihl



WA 911 IS 8237 : 2024
Indian Standard

SATIT A o {10 TeATs ot
weeror — i digar

( 8 G187 )

Protection of Slope for Reservoir

Embankment — Code of Practice
( Second Revision )

ICS 93.160
© BIS 2024
A BUREAU OF INDIAN
- STANDARDS

I e, 9 SETEL WTe S A, 7% fewedt

- 110002

MANAK BHAVAN, 8 BAHADUR SHAH ZAFAR
MARG
NEW DELHI - 110002
www.bis.gov.in  www.standardsbis.in

May 2024 Price Group 6




Reservoirs and Lakes Sectional Committee, WRD 10

FOREWORD

This Indian Standard (Second Revision) was adopted by the Bureau of Indian Standards after the draft was
finalized by the Reservoirs and Lakes Sectional Committee and had been approved by the Water Resources
Division Council.

Embankment slopes nced to be protected against wave action, rain wash, wind action, velocity of flow or
over-topping ol embankments by reservoir water. Protection against crosion due to over-lopping is provided by
ensuring sufficient free board and spillway capacity and also by providing erosion resistant surface at top, turfing
to the downstream slope, ete. Protection against erosion duce to wave action, rainwash, wind action, or velocity of
flow can be provided in many ways, such as cement concrete surface, [lexible brick pitching, and riprap on the
upstream slope and pitching or turfing on the downstream slope. Riprap is commonly used in India and is the only
method covered in this code.

This standard was first published in 1976 and subsequently revised in 1985. The major changes incorporated in
the first revision includes the following:
a) Extent of riprap has been defined with respect to minimum drawdown level (MDDL) instead of low
water level (LWL).
b) Filter has been recommended to be provided in two layers; and
¢) Criteria for fixing minimum weight of stones with respect to significant wave height has been replaced
by relating quarried thickness of riprap to wave height.

This revision has been brought out to bring the standard in the latest style and format of the Indian Standards. In
addition, the following changes have been made:

a)  Definition of minimum draw down level (MDDL) has been updated in  reference to
IS 4410 (Part 6) : 2022.

b) Clause 5.2 has been introduced for choice of suitable stone to be used as riprap.

¢) Clause 6.1.3 has been modified to include gradation requirements for the coarse filter material with
respect to riprap material: and

d) Clause 8.2.2 has been updated to revise the criteria for maximum rock size

The composition of the Committee responsible for the revision of this standard is given in Annex A.

For the purpose of deciding whether a particular requirement of this standard is complied with, the final value,
observed or calculated, expressing the result of a test or analysis, shall be rounded oft in accordance with
1S 2 : 2022 “Rules for rounding off numerical values (second revision)'. The number of significant places retained
in the rounded off value should be the same as that of the specified value in this standard.
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Indian Standard

PROTECTION OF SLOPE FOR RESERVOIR EMBANKMENT —
CODE OF PRACTICE

( Second Revision )

1 SCOPE

1.1 This code covers design of protection of slope
for reservoir embankments by riprap. Reference has
been made to turfing and drainage arrangements for
the downstream slope

1.2 This code does not cover protection against
damage due to velocity of flow for which
additional pitching (or other measures) may be
required.

_2 REFERENCES

The standards given below contain provisions which
through reference in this text constitute provisions
of this standard. At the time of publication, the
cditions indicated were valid. All standards are
subject to revision, and parties to agreements based
on these standards are encouraged to investigate the
possibility of applying the most recent edition of
standards:

IS No. Title

IS 4410 (Part 6) : Glossary of terms relating to
2022 river valley projects Part 6
Reservoirs (second revision)

IS 9429 : 1999  Dramage system for carth and
' rockfill dams — Code of
practice (first revision)

IS 10635 : 2014  Freeboard requirement in dams
Guidelines (second revision)

3 TERMINOLOGY

For the purpose of this standard. the following
definitions shall apply:

3.1 Minimum Draw Down Level (MDDL) — Itis

the lowest level at which the full release towards

meeting the specified purpose is physically possible

and allowable under operating  instructions
(see IS 4410 Part 6).

3.2 Riprap — Itis the protection to the embankment
material against erosion due to wave action. velocity
of flow, rain wash, wind action, cte, provided by
placing a protection layer of rock fragments or

manufactured material. Riprap may be placed on
slope either by hand or it may be simply dumped.

3.2.1 Hand Placed Riprap — It consists of natural
stones quarried laid flat or laid with projections
boulders or specially manufactured material like
cement concrete blocks and soil-cement blocks,
carcfully placed by hand i a more or less definite
pattern with a minimum amount of voids. its top
surface reasonably uniform and free of loose stones
or alternately panel wise concrete slabs or precast
concrete mterlocking type blocks.

3.2.2 Dumped Riprap — 1t consists of boulders or
blasted rock reasonably free from quarry fines and
dumped i place by mechanical means.

2

3.3 Wave Action — It consists essentially the
dynamic impact eflect of the waves as they impinge
on the slope and suction forces set up on the
embankment face as the waves ride up and dnwn./_

3.4 Wave Height — The height of wave is reckoned
as measured from the trough to the crest of the wave.
For determination of wave-height, refer to 1S 10635,

3.5 Wave Run-up — It is the difference (vertical
height) between maximum elevation attained by

wave run-up on a slope and the water ¢levation on
-

the slope excluding wave action.

3.6 Turfing — It is a cover of grass grown over an
arca to prevent erosion of soil particles by rain wash,.

4 GENERAL

4.1 Considerations for Adoption

4.1.1 The choice of type of riprap is governed
mainly from the consideration of availability of
suitable materials within reasonable distance and
cost of placement.

4.1.2 Overall  cconomics  for  riprap requires
consideration of the fact that the wave run-up height
on a slope with hand placed riprap for the same
wave-height and  embankment  slope, is  about
1.2 times to 1.5 times more than that for dumped
riprap due to smoother surface in case of the former
and  also  systematic  placement  and - better
workmanship in general.

To access Indian Standards click on the link below:

https://wwiw.services.bis.gov.in/php/BIS_2.0/bisconnect/knowyourstandards/Indian_standards/isdetails/
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4.2 Extent of Riprap

4.2.1 Riprap should be provided from an elevation
1.5 m or half of maximum wave height at MDDL
whichever is more, below minimum drawdown level
(MDDL) to the top of the dam. At sites where there
is possibility of flow parallel to the embankment
below the lowest water level and exigencies of
drawing waler below MDDL. riprap may be
extended further below the MDDL as required.

4.2.2 Riprap should preferably be terminated at the
lower end in a berm, provided in the embankment
see Fig. 1).

(see Fig. 1) >

1.5%

4.2.3 Where a berm is not provided, the riprap
should be terminated duly keyed to a toe support
(see Fig. 2). A similar support arrangement for
riprap extending to ground level is shown in Fig. 3.
The arrangement for riprap terminating at rock
surface is shown in Fig. 4.

4.3 Site Preparation

Allowance shall be made in the constructed
embankment to enable dressing of the outer slope to
get compacted surface for laying filter layer(s) and

then placing of the riprap over a compacted surface.

N COARSE
FILTER

_ FINE FILTER

FI1G. | PITCHING WITH BERM BELOW MDDL
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FIG. 4 PITCHING AT STRIPPED GROUND LEVEL

5 REQUIREMENTS FOR ROCK USED AS
RIPRAP

5.1 Stone for riprap shall be hard and durable and
shall not crumble on long exposure to water, frost
and air.

5.2 For the first choice of suitable material, the most
important criterion is adequate piece size. In
comparing different sources, durability is next
consideration. Where materials are of similar piece
size and durability, preference should be given to
those pieces with higher mass density, more equi-
dimensional shape and rougher surface texture.

6 FILTER

6.1 Provision of two layers of filter (coarse and fine)
is usually necessary under riprap to prevent the
waves from eroding and washing out the underlying
cmbankment material. Further as the riprap is
generally poorly graded due to predominance of one
size material, the provision of adequate filter is
essential.

6.1.1 The thickness and number of layers of filter are

mainly governed by considerations of intensity of
wave action, gradation of riprap, gradation of

embankment material and ease of construction.

6.1.2 Thickness of cach of the two layers shall not
be less than 150 mm under hand placed riprap and
200 mm under dumped riprap. <

6.].3[(‘-radation requirement for the coarse filter
material with respect to riprap material should
conform to the criteria given in IS 94294 The two
layers of filter shall also satisfy these criteria with
respect to each other. Where the embankment

material satisfics these criteria with respect to coarse
filter, fine filter could be omitted.

6.2 Filter material for the riprap shall consist of
gravel/metal/crushed rocks or sand of medium to
coarse sizes. They shall satisly the required
gradation criteria. Filters with large percentage of
fines are not desirable.

7 HAND PLACED RIPRAP
7.1 Procedure for Placing Riprap

The hand placed riprap shall consist of one main
stones laid on edge. Starting at the bottom of the
slope the stones shall be laid compactly with
staggered joints and so matched and inter-locked
that they shall be keyed together with a minimum
joint space. Rock fragments and spalls shall be
driven into interstices to wedge the riprap in place.
The wedging shall be done with the largest chip
practicable, ensuring that each chip is firmly driven
into place using a hammer, so that no chip can be
casily removed by hand. Very irregular projections
shall be knocked off so that the riprap presents a

reasonably uniform surface free of loose stones. .-

7.2 Hand placed riprap should preferably be laid in
one course such that the layer thickness is same as
the stone size. However, at least 80 percent of the
arca of riprap should have stones weighing more
than 45 kg. Such stone should be spread uniformly
in the area. Where such stones are not sufficient to
cover the entire thickness of riprap, the same may be
laid in two layers.

7.2.1 If two layers of stones are used, header stones
extending through both layers and spaced at about
1.5 m as shown in Fig. 5 shall be used. Also,
among the two layers, the top layer shall be of
larger stones. The size of the smallest side of the
header stone shall not be less than 150 mm and its
length shall be equal

\




to the thickness of the riprap plus 150 mm so that the
header stone would project above the general top
surface of the riprap by about 150 mm. Such a
projection will break the wave force and would also
facilitate easy identification of the header stones. If
header stones of full length are not available from
the quarry, concrete blocks of the necessary size,
length and shape may be manufactured for the
purpose.

7.2.2 In case stone of requisite size are not available
and smaller stones/boulders locally available are
required to be used, the riprap should be laid in
pancls formed by constructing profile walls. A
portion of the area between the panels may be
grouted by pouring fluid cement mortar worked into
the riprap. #

15m =]
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7.2.3 Hand placed ripraps may be laid flat or laid
with projections (needles).

7.3 Thickness of Riprap

7.3.1 The minimum thickness of hand placed riprap
measured normal to embankment slope shall be as
shown in Table 1. It shall not be less than 300 mm
_inany casc.

7.3.2 The maximum wave height may be calculated
in accordance with the procedure prescribed in IS
10635.°For effectively saving in the cost of riprap,
the wave height in convenient reaches and different
suitable elevations may be calculated, and then
fixing thickness of riprap accordingly.

—

INDICATES HEADER
STONE

Z

F1G. 5 ARRANGEMENT OF [IEADER STONES IN HAND PLACED RIPRAP

Table 1 Minimum Thickness of Hand Placed Riprap
(Clause 7.3.1)

SI No. Maximum Wave Minimum Riprap Minimum Thickness
Height Thickness of Filter Layer
m mm mm
Finer Coarser
_ (hH 2 By i 4)
1) Oto 1.5 300 150 150
i) 1.510 3.0 450 150 150
iii) Over 3.0 600 150 150 »~~

8 DUMPED RIPRAP .

8.1 Procedure for Placing Riprap
Dumped riprap shall consist of boulders or blasted
rock fragments. It shall be dumped in place

mechanically on a properly graded filter layer. It
shall either be dumped over the upstream face from
the embankment level as the embunkiment is being
raised up or after the embankment had been
completed. When placed during construction, the

7
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riprap layer should be kept a few meters lower than
the construction surface when placed after the
embankment is completed, the rock should be taken
lo the crest of the dam in trucks and then lowered
down the slope by suitable mechanical device. The
rock shall not be allowed to drop down the slope in
a chute or be pushed down the slope, since these
operations result in excessive segregation. Afier
dumping. the rock should be worked manually with

bars or other equipment to achieve a well packed and
tidy surface. _

8.2 Thickness of Riprap

8.2.1 The minimum thickness of dumped rock
riprap and average rock size shall be as shown in
Table 2. The thickness of riprap shall not be less
than 450 mm in any case.

| In any cas

Table 2 Minimum Thickness of Dumped Riprap

(Clauses 8.2 and 8.2.2)

SI No. Maximum Wave Minimum Average Minimum Riprap
Height Rock Size (Dso) Thickness
m mm mm
(1 (2) 3) (4)
1) Oto L.5 300 600
i) 1.5t 3.0 400 750
iii) Above 3 700 1000~

8.2.2 The most important criteria in Table 2 is the
minimum average rock size (Dsq) of riprap. For
example, for waves of 2 m in height, the riprap should
be composed of rocks, half of which by weight are
equal to or larger than more or less equidimensional
rock with average diameter of 400 mm. The rock used
for riprap shall be well graded [rom a maximum rock
size roughly equal to 1.5 times the average size to
50 mm or 0.125 times of Dg (whichever is higher).

8.2.3 The full thickness of dumped riprap shall be
dumped in one layer. h

9 DOWNSTREAM SLOPE PROTECTION
9.1 Prevention from Erosion by Rain Wash

Protection by riprap or pitching to the downstream
slope of the carth dam from top to toe against crosion
by rain wash in particular, is uneconomical and
generally not warranted. However, the slope should
be protected in accordance with provisions in 9.1.1
to 9.1.3. ¥

9.1.1 Turfing shall be provided and maintained on the
entire downstream face. p

9.1.2 Where turfing cannot grow on downstrecam
slope of embankment, for proper growth of turling
selected soil layer may be provided or alternatively
300 mm thick hand placed riprap without filter layers
may be provided.

9.1.3 A system of open paved drains (chutes) along
the sloping surface terminating in the longitudinal

6

collecting drains at the junction of berm and slope
shall be provided at 90 m centre-to-centre 1o drain the
rain water. The spacing may be reduced based on
regional climatic conditions and type of slope
protection. The drains may be formed of stone
pitching or with precast concrete sections
(see Fig. 6). The longitudinal drains shall be
provided with 150 mm diameter pipes laid at a slope
of 1 : 50 for discharging the collected water to the
downstream. If cross drains are provided, the
lowermost sloping drains shall drain into the cross
drains, otherwise the sloping drains  shall  be
connected to the toe drain.

9.2 Prevention of Erosion by Tail Water

9.2.1 Hand-placed riprap of 300 mm thickness over
proper filter layers shall be provided up to | m above
the maximum tail water level. If due to non-
availability of adequate size of stones, riprap is
required to be provided in two layers, header stones
running through the entire thickness of the two layers
shall be provided. These header stones need not
project above the surface. Where internal drainage
arrangements have not been provided in the body of
the dam or in cases where rock is readily available
from  compulsory  excavation, rock-toe  of
0.2 H (where H is the hydraulic head) should be
considered. The maximum and minimum height of
rock toe shall generally be 6 mand 1.5 m. In case the
maximum tail water is cxpected to rise above the
crest of rock-toe. 300 mm thick hand-placed riprap
with proper filter shall be provided from crest of
rock-toe to an elevation 1 m above maximum tail
water level. -~
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FIG. 6 TYPICAL DOWNSTREAM SURFACE DRAINAGE ARRANGEMENT

9.2.2 In the case of standing tail water due to back considering maximum/normal water level conditions.
water of lower reservoir, the slope may be protected 10 TOLERANCE

either by riprap or by combination of riprap and rock-
toe (see 1S 9429), to suit the site condition. The
thickness of riprap and its extent on slope shall be
governed by wave heights in the lower rcscrvoirf v

The tolerance on the nominal thickness of riprap
enforced on the performed profile  shall  be
+ 10 percent.

~
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ANNEX A

(Foreword)

COMMITTEE COMPOSITION

Reservoirs and Lakes Sectional Committee, WRD 10
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Bhakra Beas Management Board,
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Indian Institute of Technology, Bombay

Indian Institute of Technology, Roorkee

Irrigation Research Institute, Roorkee
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Advisory Committee, Vadodara

Narmada and Water Resources, Water Supply &
Kalpsar Deptt, Gandhinagar

National Hydroelectric Power Corporation, Faridabad

National Institute of Hydrology. Roorkee

National Remote Sensing Centre, Hyderabad

National Thermal Power Corporation  Limited,

New Delhi

National Water Academy, Pune

National Water Development Agency,
New Delhi

SHRIH. L. KAMBOSH

Representative(s) @

DR M. K. GOEL (Chairperson)

SHRIP. S. KUNJEER
DR V. M. PRABHAKAR (Alternate 1)

SHRINISHCHAY MALHOTRA (A4 /ternate 11)
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DR SHRESTH TAYAL
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SHRIR. M. PATEL
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MsS MANJUSHA MISHRA
SHRI PRAVEEN KUMAR JAIN (Alternate 1)
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DR V. VENKATESHWAR RAO
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SHRI RAKESH SHARMA
DR A. K. SINGH (Alrernate)

SHRI ASHOK KUMAR KHARYA
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SHRIR. K. JAIN
SHRIS. C. AWASTHI (Alternate)

SHRI H. L. KAMBOJ
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