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Reservoirs and Lakes Sectional Comminee. WRD I 0 

FOREWORD 

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

Embankment slopes need to be protected against wave action, rain wash, wind action, velocity of flow or 
ovcr-topping of cmbankmenls by reservoir walt:r. Protection against erosion dill.: to over-topping is provided by 
ensuring sufficient fi·ee board and spillway capa<.:ity and also by providing erosion resistant surface at top, turting 
to the downstn:am slope, etc. Protection against erosion due to wave action, rainwash , wind action, or velocity of 
flow can be provided in many ways, such as cement conert:le surface, flexible brick pitching, and riprap on the 
upstream slope and pitching or turting 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 19X5. The major changes incorporated in 
the first revision includes the following: 

a) Extent of riprnp has been delined with respc~:t to minimum drawdown level !MDDL) instead of low 

water h:vcl (LWL). 

b) Filter has been recommended to be provid(·d in two layers; and 

c) Criteria for fixing minimum weight of stones with respect to significant wave height has been replaced 

by relating quarried thickness of rip rap to wave height. 

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

a) Definition of minimum draw down level (MDDL) has been updated 111 reference to 
IS 4410 (Part 6) : 2022 . 

b) Clause-'5.2 has been introduced for choice of suitable stone to be used as riprap. 
c) Clause 6.1.3 has been modified to include gradation requir<~mcnts for the coarse filter material with 

respect to riprap material: and 
d) Clause 8.2.2 has been updated io revise the criteria tiH maximum rock size 

The composition of the Committee rcsponsiblc 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 
IS 2: 2022 'Ruks for rounding off numerical values (second rel'ision)' . The number of significant pla~:es 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 Re1•ision ) 

1 SCOPE 

1.1 This code covers design of protection of slopt: 
for reservoir embankments by riprap. Reference has 
been mad.: tu turfing and drainag.: arrangements for 
the downstream slope 

1.2 This cod.: dues not l'UVcr protection against 
damage due to velm:ity of !low for which 
additional pitching (or other measures) may he 
required . 

REFERENCES 

The standards given below contain pro\'isions which 
through reference in this text constitute pwvisions 
of this standard. At the ttme of publication. the 
editions indieated were valid. All standards arc 
subject tn revision , imd pari ics to agreements based 
on these standards arc L'lll:uuragcd to investigate the 
possibility of' applying the most recent edition of 
standards: 

IS No. 

IS 4410 (Pal1 6): 
1022 

IS 9429 : I 99<} 

IS 10(135 : 2014 

Title 

Glossary of terms relating to 
ri vcr valley projects Part li 
R..:servnirs (sccmul re1·ision) 

Drainage system for earth and 
rnckfill dams - Code of 
practice (first revision) 

Freeboard requirement in dams 
- Guidelines (second revision) 

3 TERMINOLOGY 

For the purpose of' th is standard. the foll owing 
definitions shall apply: 

.:u Minimum Draw Down Ll.'\'cl (MI>DL) - It is 
the lowest level at which the fitll release towards 
meeting the specified flltqmsc is physically possibk 
and allnwahle under operating instructions 
(sec IS 4410 Part 6). 

3.2 Rip rap - It is the protecti on to the embankment 
material against eros ion due to wave action. velocity 
of tluw. rain wash. wind action . etc, provided hy 
placing a protection layer of' rock fragments or 

manufi1ctured material. Riprap may he placed on 
slope either by hand or it may be simply dumped. 

3.2.1 Hanel Plac<'li Riprat• - It consists of natural 
stones quarried laid flat or laid with projections 
boulders or specially manufactured mr~tcrial like 
c.:emenl concn.:le blocks and soil-cement blocks, 
carefully placed hy hand in a murc or less definite 
pattern with a minimum amount of vo ids. its top 
surfiKc r~·asunably uniform :md free of loose stones 
or alternatel y panel wise concrete slabs or precast 
concrt·tc interlocking type blocks.--

3.2.2 DumJ•<'d Niprap - It consists of boulders or 
blasted rock reasonably free from quarry fines ;md 
dumped in place by mechanical means . 

~ 

3.3 \V:tH Acliun - It consists essentially the 
dynamic impact eflcct of the waves as they impinge 
on the slope and suction fbn.:..:s sci up on the 
embankment l:lCe as the wa\'cs ride up and dow1!:---

3.4 Wave Height - The height uf wave is reckoned 
as measured from the trough to the crestufthc wave. 
For determination uf wavc-h..:ight. rcli:r to IS I 0635 -. 

3.5 Wave Run-up - It is the difti::rencc (vertical 
height) hctwe..:n maximum elevation attained by 
wave run-up on a slope and the wat~.:r l!levation on 
the slope excluding wave action. ...--

3.6 Turfing - It is a cover of grass grown over an 
area to pre\·ent erosion of soil pa11icles by rain washr-

4 GENERAL 

4.1 Considerations for Adoption ~ 

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

4.1.2 Over;d I cconornics fiJr riprap requires 
cnnsickration of the t:tcl thatth..: wave run-up height 
on a slope with hand placed riprap for the same 
waw-height and L'mbankmcnt slope, is about 
1.2 timcs to 1.5 times mon: than that (i.Jr dumped 
riprap due to smoother surlitcc.: in case of the former 
and also systematic placement and better 
workmanship in general. 

To a..:c..:ss Indian Standards click on th..: link bdow: 

htt ps ://www .servicc.s.bis.gov . it1/php/B IS_ 2.0/bi sconn..:ct /k now yo ursta1 rdards/lndian_ standards/isdeta i Is/ 
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4.2 Extent of Riprap 

4.2.1 Riprap should be provided from an t:levatiun 
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 !low parallel to the embankment 
below the - lowest water level and exigencies of 
drawing water below MDDL, riprap may be 
extended further below the !1.1DDL as required . 

4.2.2 Riprap should pn:fl:rably be terminated at the 

lower end in a benn, provided in the embankm.:nt 

(.H•(•Fig. l)./ 

M.D.D.L 

4.2.3 Where a berm is not provided, the riprap 
should be tenninatcd duly keyed to a toe support 
(sec Fig_ :!) . A similar support arrangement 1(1r 
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 !'reparation 

Allowance shall be made in the constructed 

embankment to enable dressing of the outer slope to 

get compncted surface for laying filter laycr(s) and 

then placing of the rip rap over a compacted surface. 

RIPRAP \ 

_l __ __ _ 
1.5 ml / 

1.5 X 

--1 ~- 0.6m 

Fl( i. I PITCHING WITH B EK:'-.t B ELOW MD!JL 

2 

COARSE 
FILTER 

FINE FILTER 



- - r - -
1.5 m 

1.5 X 

M.D.D.L 

- -j f-- 0.6 m 

FIG. 2 I'ITCH I N~i W ITH No 13ERM B ELOW MDDI.. 

150 mm -

- ~ 06m ~ 

Fl! i . 3 I' I W II INCi l ERMINA"IIN< i AT R< WK SIIR FA< "I.: 
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~-0 .9m --
0.6 m 

I HEADER 
STONE 

STRIPPED 
GROUND LEVEL 

FIG . ~ PITliiiNG AT STRIPPED GROUND LEVE L 

5 REQUIREMENTS FOR ROCK USED AS 
RIPRAP 

5.1 Stone for riprap shall be hard ami 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 criteriuu is adequate piece size. In 
comparing different sources, durability is nexl 
consideration. Where materials an~ of similar piece 
size and durability, preference should be given to 
those pieces with higher mass density, more etjui­
dimensiunal shape and rougher surface texture . 

6 FILTER 

6. I Provision of two layers of lilt<:r ( conrse and tim:) 
is usually necessary under riprap to prevent the 
waves from eroding and washing out the underlying 
embankment material. Further as the riprap is 
p:nerally poorly graded due to predominance of one 
size material , the provis inn of adequate lilter is 
essential. ' 

6. 1.1 The thickness am! number of layers ofliltt'r an: 
mainly governed by considerations of intensity of 
wave action, gradation of riprap, gradation nf 
t'mbankment material and ease of construction. / 

6. 1.2 Thickness of each of the two lay.:rs shall not 
be Jess than 150 mm under hand placed riprap and 
200 nun under dumped riprap . -' 

6.t.3[Gradation n:quircment for the coarse filter 
materia l with respect to riprap muteriul should 
conform to the criteria given in IS 942€} The two 
layers of filter shall a lso satisfy these criteria with 
respect to ea~:h other. Where ·the embankm~:nt 

/ 

4 

material satisties thest: criteria with respect to t:o:.~rsc 
filter. fine filter could b..: omittt:d . 

6.2 Filter material for the riprap shall cons ist of 
gravel/metal/cmshed rocks or sand of medium to 
~:oarsc sizes. They shall satisfy the required 
gradation criteria. Filters with large percentage of 
tines arc not clcsirabk. 

7 IIA:'I/0 I'LACEI) RIPRAP 

7.1 Procedure for Placing Riprap 

The hand placed ripmp shall consist of one main 
stones laid on edge. Starting at the bottom of the 
slnpc the stones shall be laid compactly wit h 
staggered joints and so matched and inter-locked 
that they shall he keyed together with a minimum 
joint space . Rock fragments :.~nd spalls shall be 
driven into interstices to wedge the riprap in place . 
The wedging shall he done with the largest chip 
practicable, ensuring that each chip is fim1ly driven 
into place us ing a ha mmer, so that no chip can be 
easily removed by hand. Very irregular projections 
sh:.~ll be knocked otr so that the riprap presents a 
reasonably unifonn surface free of loose stones. _, 

7.2 Hand placed riprap should preferably be laid in 
om: course such that the layer thickness is same as 
the stone sizt'. However, at least ):: 0 percent of the 
area of riprap should have stones weighing more 
than 45 kg. Such stone should be spread unifom1ly 
in the area. Where such stones arc not sufficient to 
cover the entire thiekm:ss of riprap, the same may b..: 
laid in two layers . 

7.2.1 If two layers nf stones arc 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, tht' top layer shall be of 
larger stnncs. The size of the smallest side of the 
header stone shall not be kss than 150 mm and its 
lt:ngth shall be equa l 



to the thickness of the riprap plus 150 mm so that the 
header stone would project above the general top 
surli1cc uf the riprap by about 150 nun. Su~:.h a 
projection will break. the wave fon:c and would also 
facilitate easy identification of the header stones . If 
header stones of full length arc nnt <Jvailablc from 
the quarry, concrete blocks of the necessary size, 
length and shape may he manufactured for the 
purpose. 

7.2 .2 In case stone of requisite si ze are not ava ilalle 
and smallc:r stones/bould<::rs locally available arc 
required to be used , the riprap shou ld be laid in 
panels limned by constructing profile walls. A 
portion of the area between thL' panels may be 
grouted hy pouring fluid cement mor1ar workt:d into 
the riprap. / 

f--1.5 m - -1-- - 1.5 m - -1 

-r 
I 

1.5 m 

I 

i 
1.5 m 

I 
_ j_ 
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7.2.3 Hand placed ri praps may be laid fl<H or laid 
with projections (m:edles). 

7.3 Thickness of RiJ>rap 

7.3.1 The minimum thickness of hand placed riprap 
measured normal to emhankment slope shall be as 
shown in Tabk I. It shall not be less than 300 mm 
111 any ~:as-c.-- ,.--

7.3.2 Tlu: maxi mum wave height may he ca lculated 
in accordance with the pro~.:cdure prescribed in IS 
I 0635 . For effectively saving in the cost of rip rap, 
the wave height in convcnicnt reaches and di!Tercnt 
~uitablc clcvallons may be calculated. and then 
tixing thickness uf riprap accordingly. 

INDICATES HEADER 
STONE 

Ftl; _ 5 ARHANGEMFNTnF II EAD ER SlON E$ IN I l AND !'LACED Rtt'RAI' 

Table I Minimum Thickness of Hand Placed Rip rap 

(Clause 7.3 .1) 

Sl No. 

(I) 

i) 

ii) 
iii) 

8 DUMPED r{JI'RAI' ..,.. 

Maximum \\'ave 
Hl'ight 

Ill 

(2) 

0 to I . .5 
1.5 to UJ 
Owr 3.0 

M.l l'ru\·cdurc fur Pl:~dn~ Riprap 
Dumped riprap shall l·onsist of boulders or blasted 
rock fra gnll'nts. It shall he dumped in plac.: 

Minimum Riprap 1\linirnum Thickness 
Thickness of Filter Layer 

mm mrn 

Finer Coa rser 
(3) (4) 

300 150 150 
450 ISO 150 
600 J)() 150 ......... 

mec hanicall y on a properly graded filter layer. It 
shall either he dumped over th e: upstn:nm fi1cc from 
the crnhankmcnt k vc l as tlu.: c111bankmcnt is being 
rai sed up nr a lh:r the cmhankm.:nt had been 
completed . When pla c.::d dnring eonstructitln. the 
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1iprap layer should be kept ~ few meters lower than 
the constructinn surface when placed after the 
embankment is completed , the rock should be taken 
to the ere~! of thL· dam in trucks and then lowered 
down the slope by suitable mechanical device. The 
rock shall not be allowed to drop do\\11 the slope in 
a chute or be pushed down the slope, since these 
operations result in excessive segregation. A f1er 
dumping. the rock should be worked m:mually with 

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

8.2 Thickness of Rip rap 

8.2.1 The minimum thickness of dumped rock 
riprap ~nd average rock size shall be as shown in 
Table 2. The thickness nf riprap shnll not be less 
than 450 mm in any ca!j£.. 

Table 2 l\'linimum Thickness of Dumped Riprap 

( C/aus<'s ~.2 a1zcl ~.2.2) 

Sl No. Maximum \Vavc 
Height 

m 
(I) (2) 
i) 0 In 1.5 
ii) 1.5 to 3.0 
iii) Above 3 

8.2.2 The most important criteria in Table 2 is the 
minimum average rock size (Dsul of riprap . For 
example. for waves of2 min height, the ripntp should 
he composed of rocks, half of which hy weight are 
equ<.~l to or larger than more or less cquidimensional 
rock with average diameter of400 mm. The rock used 
fi.1r riprap shall be well graded from a maximum rock 
size roughly equal to 1.5 times the average size to 
50 mm or 0.125 times of 0 50 (whichever is higher) . / 

8.2.3 The t·i.lll thickness of dumped riprap shall be 
dumped in one layer. 

9 DOWNSTREAM SLOPE PROTECTION 

9.1 Prevention from Erosion IJy Rain Wash 

Protection by riprap or pitching to the downstream 
slope of the earth dam from top to toe against erosion 
by min wash in particular, is uneconomical and 
generally not warranted. 1-Jnwever, the slope should 
be protec.:h:d in accordam:c with provisions in 9.1.1 
to 9.1.3. --

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

9.1.2 Where turfing cannot grow on downstream 
slope of embankment, for prop<::r growth of turling. 
selcch.:d soil layer may be provided or altnnatively 
300 mmthick hand placed riprap without filter layers 
may be provided . 

9.1.3 1\ system of open paved drains (chutes) along 
the sloping surface terminating in the longitudinal 

6 

Minimum Average 1\f iqimu m Rip rap 
Rock Size (Dsn) Thickness 

nHll mm 
(J) (4) 
300 600 
400 750 

/ 
700 I 000 

collecting drains at the junction of berm and slope 
shall be provided at 90 m centre-to-centre to drain the 
rain water. The spacing may be reduced based on 
regional dimatic conditions and type of slope 
protection . The drains rnay be formed of stone 
pitching or with precast concrete sections 
{see Fil!. 6). The longitudinal drains shall be 
provith:d with 150 mm diameter pipes laid at a slope 
of I : 50 ti1r discharging the collected water to the 
downstream. If cross drains arc providctL the 
lowermost sloping drains shall drain into the cmss 
drains, otherwise the sloping drains shall be 
connected to the toe drain . 

9.2 Prevention of F:rnsion hy Tail \Vater 

9.2.1 Hand-placed riprap of 300 mm thickn.:ss over 
proper filter layers shall be provided up to I m above 
the maximum tail water lc\·el. If due to non­
availaoility of adequate size of stones, riprap is 
re4uired to be provided in two layers, header stones 
mnning through the entire thicJ..:11ess of the two layers 
shall be provided. These header stones need not 
project above the surface. Where intemal dminagc 
arrangements have not been provided in the body of 
the dam or in cases where rock is readily available 
from compulsory exc.:avation, ruck-toe of 
0.2 H (where H is the hydraulic head) should be 
considered. The maximum and minimum height of 
ruck toe shall generally be 6 m and 1.5 m. In case the 
maximum tail water is expected to rise above the 
t:rest of rock-toe. 300 111111 thick hand-placed riprap 
with proper filter shall be provided from crest of 
rock-toe to an ekvation I m above maximum tail 
water level. / 
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r -1 0.6m 

FtCi. 6 TYPICAL DoWNSTR EAM SURFACE DllAINMai i\RRAN<ii'MENT 

9.2 .2 In the {;<!Sl! ur standing tail water due Ill back 
\\'alcr o f )ower n:st:IYOir. the slope may be proleclcO 
either by rip rap or by ~.:ombinal ion of riprap and ru~.:k­
hJc (s<'c IS 942 '>). tn suit tht: site ..:unditiun. The 
thickm:ss of ripr~p and its ~:xtcnl on slope shall be 
governcu by wave hei ghts in the lower rcscrvo i~ 

7 

..:onsiucring max imum/normal wal..:r lev..:! cunuitiuns. 

IU TOLERANCE 

Tlw tolerance nn the nom inal th ickm:ss of riprap 
~:nfun;cd on the pcrformcu pmfilc shall be 
+ \0 percent. --
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ANNEX A 

(Fon:uvrd) 

COI\II\IITTEE COMPOSITION 

Reservoirs and Lakes Sectional Committe.:, WRD I 0 

Organi::ation 

National Institute of Hydrology. Koorkec 

Bhakra Beas Management Board, 
Chandigarh 

Ct:ntral Watt:r and Pnwt:r Research Station, Punc 

Central Water Cnmmi~sion. New Delhi 

DHI Group India, New Delhi 

Indian Institute of'Technology. Bombay 

Indian Institute uf'Technolo!,!y. Roorkee 

Irrigation Research Institute, Roo rkee 

J&K Lakes and Water Way Development Authority. 

Sri nagar 

Ministry of Irrigation. Sardar Sarovar Construction 

Advisory Committee, Vadodara 

Narmada and Water Resources, Watc:r Supply & 
Kalpsar Dcptt, Gandhi nagar 

National Hydroelectric Power Corporation . Faridabad 

National Institute of I lydrology, Ronrkee 

Narion<JI Rcmoh: Sensing Centre, Hyderabad 

National Thermal Pow.:r Curvuration Limited, 
New Delhi 

National Water Ac:adcrn y. Punc 

National Water Development Agt:nc:y. 
New Delhi 

RL'prt!S<'IIIu/il ·e(s!IOI 

OR M . K. GuEL ( Clwirperson) 

SIIRI H. L. KAMBUSH SHR I H . L. KAMBOJ 

SIIRI P . S. K NJEER 

DR V. M . PKMliiAK AR (A/tL'mal<' I) 

SIIRI NISIIC'IIAY iVL\LIIOTRA (AftemaiL• ll) 

SHRI MD FAIZ 

R AM ITIIAE!H MEOlA (Aitt!l'll<lfe) 

DR SHK ESTII T AYAL 

SilK I MAN ISH KUMAR (A !remate I) 
MS JERA CiRACE J . (.4/tenral<' 11) 

PROF V . JYOTHIPRAK,\SH 

PKOF ARliN KlA tAR 

PKOF SUM IT SEN (.-lfrematc) 

SIIRI DIN ESH Cll ,\f\DKA 

SIIRI SII.-\NKAR K UM!\R SAil .-\ (.4/temare) 

EXECUTIVE EN(olNEER 

SHRIK. V.RATHOil 

SHRI N . K. l3H t\ NllARI (A/tcrnatt') 

SIIRI R . M. PATEL 

SHIH D . N. PRAI>HAN (Aitemate) 

!\·IS MANJI ISIIA MISHRA 

SHRI PRAVEI'N K UMAR JAIN (Ahanale l) 

SIIRI A N KUR SH.-\KMA (Aitemate II) 

OR lVI. K . GOEL 

DRS. D. KIIUBRA(iADE CAIIL'I'IIillt') 

DR V . VENKATESII\VAR R.-\0 

SHRI ABDUL HAKEEM (Altemare) 

SHHI RAKI:SII SHAKMA 

DR A. K . SINGH (.4/rcmctre) 

SI-IRI ASHOK KUMAR KHARYA 

SHRI S. N. PAI\DE (.4/tcmate) 

SHRI R. K.JAIN 

SIIRI S. C'. AWASTHI (Aitcrnat<') 



Org uni::ation 

Sanlar Sarnvar Narmada Nigam Limited . 
Gandhi nagar 

Satluj Jal Vidyut Nigam Limilt:d, Shimla 

Tchri Hydrodcctric Development Corporation 
Limited, Rishikesh 

University Visvcsvaraya Cullcgo: of Enginc~:ring . 
Bengaluru 

Water ami Puwer Consultancy Servicl!s Limited. 
New Delhi 

Water Resuurcl!s D<.!partmcnt , Guvt of i\ndhra 
Pradesh , Vijayawada 

Water Resources D~:partmcnt . Govt of Madhya 
Pradesh , Bhopal 

Maharashtra Engineering R~:sea n.:h Institute, Nashik 

Water Resources Department , Govt of Odisha, 
BhuhaiH.:swar 

Water Resources Dep;~rtmcnt. Govt nf Punjah, 
\handigarh 

Wetlands lnh.:rnJtiunal South i\sia. New Ddhi 

In Personal Capacity (5 /4 Il '-'1. Paschimuhwl 
Mul!istoreyJNU, Nell' Delhi - /J()Iifl i ) 

In PcrsunJI Capacity (5511 .!mod Path. /IT 
Roorkec Camprts. Roorkec - 2476fl7) 

In Personal Capacity (Pun_m Sadana 173. 3' .1 A Main 
D Block. Vijuya Nagar 3"1 Stage M1·.wm -
570113()) 

BIS Directorate General 
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R,-, ,r, ·.1 l'lltatil 'e(s} 

SHRI C. V. NAIJI'i\1(!\ 

SIIRl R . G. K ANilCli'\CiO (.4/ternatc ) 

SHRI VINA Y GUt ER lA 

SHRIM ATI Sll r>H :\ D EVI (AirernutL') 

SHRI VIH.ENDRA Stt\'Ci ll 
St·IRI ATUL Kt iMAR SINI;tl (A itcmute) 

PROF 1:-.JAYATII LLA M. 

DR A. K. SIIAR~IA 
SIIIU A. STEPIIEN LEo (A/temate) 

SHRI i\ . SUR I B AI IL' 

SHRIB.C.PURANUAR~ 

StiR IS . R. UIK EY (Aitemat<') 

SHRI YA 'IHVANTRAU 13H AUANE 

CIII EF ENGINU·I< <D&R) 
DIR~I'TUR ( II EAI>WORKS) (/1 /tcmatc ) 

SI·IRI PAW AI' KAPOUR 
S IIIU K. K . (j lJI'I A (A ltematc I) 

StiR IN. K. JAIN (: Jltcm att • lt) 

DR RITESH K UMAR 

StiRIIIARS/1 CiM,J..\l'AT/11 (Aitcmut<') 

DR A. L. RAMANATHAN 

PROF M. L. KA NSAL 

DRJAG:\NNATHA V . 

SHIH R . BIIANIJ PRM~ASH , SCIENTIST 

' E'IDIHECTUR Af\D II FA il (\VATER R FSOURI 'ES ) 

[RE PK ESENTI NI~ DIRECTOR GENERAL (EX-l!flicio)l 

Mt•mhcr St•crc/cll :\' 

SIIRI NAVI>EEI' YAil :\V 

Sc tEN rts·l ' 1:3'/ i\ ss ls r ,\ NT DIHKI'IlR 
(WATER R EStll Rt'ES).BIS 
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the prior permission in writing of BIS. This docs not pret:ludc the free usc. in the course of implementing the 
standard. of necessary details, suc h as ~ymhols and sizes, type or grade des ignations . Enquiries relating to 
copyright be addressed tu the Head (Publication & Sales), BIS. 

Rc,•icw uf Indian Standards 

Amendments arc issued to standards as the need arises un the basis of comments. Standards arc alsu reviewed 
periodically; a standard along with amL'ndments is reaflirmcd when such r<:vicw indicates that no changes arc 
needed: if the review indicates tlwt changes are needcJ , it is taken up lor revis ion . Users or Indian Standards 
should asccnain that they arc in possession of the I<J tcst amendments or edition by referring to the w.:bsitc­
www.bis.gm·.in or www standardsbis. in . 

Thi s Indian Standard has been developed from Doc No.: WRD I 0 (23 313). 
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