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' “Denver, ‘Gélorado, ‘February 15, 1930 & .

MEMORANDUM ‘10’ THE CHIEF. DESIGNING ‘E '
(E."W. Lanq,}Rasaarcthpg;q.,r_‘ e

Subeots Mechantonl Gemposttton of Tarin D Matartals.

The ' following 'datawas-compiled from available-engineering -~ - °
literuture,?Burnaufofﬂﬂeélumationarecoéds¥ahdfothgr;sodpcog,iianqur~jg;{nf‘*Q
to investigate’'the possibilitiss ofimechanical’analysis: as a:'means:6f = = '
.determining,tha;aﬁitibility;d:;aviilibléfd;tgnijlugfor?thagggngtrnc;.f 5 
tion-of: earth ‘dama. The:mechanical snalyses:of.s:large number-eéf - =~
'elrthfdlm“mltarinlafhaVefbean;éompilid,ﬁ@laz@ifiéq&;ﬁd;gggaﬁbléd}in” .
égrnphicilszrm,'andrtentativeﬁconclusionaGdrtwnfhggto5théiliﬁitpﬁ§rjg'ff_¢‘;jj 

“the mechanical ‘composition.suitable for:the construction-of -earth = =~ =

“dams'using various methods of:conatruction., =

. ‘The ‘dams wers divided:into two:classes; rolled fill-and’
‘hydraulic, including semi-hydraulic, ‘£111. /Nearly all:of: the:avail-' -
‘able mechanical analyses'fall into:one:of:three clasaes; (1):Material
for rolled fill'dnms,'usulllylthéwanilysqs;Ofiqnmﬁlasﬁfgr?borrcwy' P
pits; (2) Borrow pit mntarialaFfarhhyghanlic%prﬁsgmichjdr;ﬁlipffillj.“, fe
dans, ‘and (3) Core materials of hydraulic:fill:and semi‘hydraulic fill
dams. T e T

-On Table.1 is:given some-of the data on‘the:rolled /fill "= "
dama,‘togethar“uith.the4aourchdfiihzofmgtion§Trbm3whichithaémééhan%ﬁ.,;“? E
ical analysie data was obtained. 'The mechanical.snalyses are plotted.
on Figure 1. ‘ThiuTdiagramrshquaith;t?aewide“ringe;of;mxterials:hufcj" R
‘been used in earth dems, with apparent succesa. The data at hand'doss .
not indicate any lower limit to the:grain sime of material:suitable = =~
for rollad fill-dam construction. ~In‘fact, ‘dams have been :succesafully . -
built with large proportions:of-clay. If:the term’%clay'" used in‘the"
description oftthese:dams;isfthevsameinsfthatuuSed%byathelBﬁraauqdff-‘T'

Soils, (uhichnis:the.claaaification.uSodgforithofsizes*ﬂfina;grnvél"?'fh
and below, . as shown on the~Figureil)ithangidamsgaréecqmposod1orvuibyy; L
nuch. finer-material than anything shown:on the diagram. .Stepz are now
»buingntnkenuto:sacure:uamplesfof:m;terial:framwuxistingasuccéSSIulf“f‘j‘
dams. said-to have a:high:.clay content. It is-entirely.possible,: how-
ever,:that:the*tenm?"clay"saafordinarily-uqddfdiffers»qonsideribly" o
from the standard used-on the chart. :Forvuxample;:thd?thrae:samples TN
everaged to obtain‘theélina¥(No.;2):on1the:chart,vrepreaonting:the‘ '
~camposition of Table ‘Rock Dam material, were all described as'"clay,"
although the average analysis shows conly about 7% of clay, as-defined

A




by the Buronu of- Soils. rSufficient knowladge ‘0 LH" Co
sented by-the: analysia ciurves ‘is not at® ‘hand “to: datormine whather or :”_
not"the mechanieal:analyses will: throw: .any.1ight : ‘on isome: propartiea o

of the matorial which affect their: suitability ‘as ‘rolled: ‘earth: ‘dam. -
‘materials, such-as'the ease. of. compacting, ‘the'tendency: to: aticks to. e
the roller, and tendensy of" ‘the: ‘material ‘to:slough* :when -saturated. = S
The mechanical analysis cannot: thersfore be taken:as’ the only criterion :
of suitability of :earth dam'materials. .It: obviously cannot} indicate *ﬁc..
the presance of" aoluble substances ‘in the dam matarial.;_:;.

The: diagram does give a rough indication of the maximum

size.of the materials-suitable forithe: imprevious: portions of earth dams.vt*::ﬁ

Line No. -9 shows the- composition:of:the: dnwnatream partion-of the -
Lahontan Dam,luhich was composed’ 6f dlean, ‘wsll-graded gravel.: iThe -
material camprisjng ‘the upstream: portion of ‘the dam: (LineNo.: 8) ‘Was:
compsed of -a.50:50 mixture ‘of ‘the, gravel shown by:line .9 and.gilt. T
Extensive tests: were made’ of the sespage rates throughithe two’ classesTr_‘ ;
of material and the 50:50 mixture:permitted aiflow of only 1/3000th: - = .~
as great-as gravel. “Since the®Lahontan’Dam* has "been" in.useabout: L
14 years, and has not shown an-undesirable:amount :of: seepage, iimay "
be concluded that the: 5b'50 mixture’ repreaented by line 8:is* auitable e
for the imprevicus: aections of vearth. dams, -and:that- shoun by: line 9, =
which allows 3,000 times:as.much:watar: to pass througn -would ; ‘not’ be
sultable. Experimants ‘were:also- perronmed ‘on’the material -of ‘the’, o
Cold Springs Dam. 'Lins: 15 repreaenta the material ‘of the. dcunstraam “*
portion of the.dam,-which:was. 100%;gravel. 'This: matarial pernitted
‘even.more: seepage than'that shown by line 9, and would: therefora o :
‘represent too coarse-a. material. . Line: li-shows:material camposad of

B80% - gravel ‘and  20% ‘Tine surface:soil, which:psrmitted:a flow. o about - e

'1/2200th as-great as that'of line:15. :Line 13 is:for: ‘a matengal ‘com- - .
posed of 75% gravel and 25%: fine-soil, .which: ‘permitted a flow X f -about -

1/5000th that of the.gravel“alone. ° These materials:are: ‘believed to be:fi‘g‘«~“

about ' t¥e limit of material suitablo for: the imprevious sectiona of
rolled fill dams. e - LR

The line shouﬂ on' Figure 1, labeled “Approximato limit of
materiala suitable for imprevious sections: of. rclled ‘£111. dams™ ‘i3
somewhat arbitrerlly drawn,. representing an:effective:size of 0.15 .
mn. and & uniformity coefficient of 40, :the: ‘meanings of: thase terms
‘being those used: by Hazen; namely, (l) effectiva 8ize; the: ‘diameter - -
~of grain compared with which.10% of material is-smaller and 90% larger
and (2) uniformity coefficient; the ratio of the size of grain com-
.pared with which-60% is smaller and’ 40% .larger, to the effective size.
"This line represents materials finer than:the:gravels shown: by lines
‘Nos. .9 and '15, cnmpoaing the downstream sections of:theilLzhentan and

-Cold. 8prings dams:respectively, -which- were -shown to be too- ‘porous.,
It shows coarser: materials than likne No. 8, the:.upstream section of
‘Lahotan Dam, -and-about the same .gradation as lines Noa. i3:-and. 1,
which represant the top, center and downstream center sections.of the




- Celd Springs;Dam,“ﬁﬁiéhCiré'bélievddﬁtp?rapédﬁdhﬁékbéutithéﬁupperiliﬁitf: C”f;

of size of sultable matarials, 'if<a reasonably:watertight dam:isito

be sacured. EPor‘the:porousTmateriiléaﬁﬁfrédpgﬁtlyuuderfn}thbfdoun4f[€féﬁﬂ" ;

stream sestlons of‘dams tc:secure:stability and: drainage,thereiis . .’

no need of prescribing a limitation, 'for the:miterial may be-and:fre- =

‘quently is, a“rockffillfinclddingkboﬂld§r$$6f§égngidgrQPLeﬁgézgg;?$he 7‘u‘
line given on-Figure'lﬂdoesfnbtvreprosentfaffixodilimip;bpyondhwhich R

a safe dam can not bhe bﬁilt;hbﬁt&i§$béliev6dft@frepresentﬁapproximate;‘lf>" g

ly the limits of matgrial~whiChfqanﬁbeuuse¢&£¢rfdémqfdfﬁtheﬁgrQasfﬂécﬁ"f‘_
tions oridinarily‘uéedvto~secure3aﬁdamawithoutiqueqtiqqab;ejseepggq}f, }"
-"Practically‘alludims~seep%moréjdrﬁlass.fﬁTheféXpenSb?tOﬁﬂhi¢b;_‘;
it is'desirable'tOQQO"tc~gat¢an-extfgmély?uatertightﬂdamﬁiaﬁa,qgeation S
or»econumics-and"dependleahéély;onitheiV§1u§?Qr§c°8tﬁ6Tfth¢*SQQPGQ3;;‘ _
water, 'Dams-sombtimes%have%quitp;l&ggéf@pakageﬂphnqugh*them,?bupzasi‘ o
long‘asitheyiahownnoitaﬁdahcy;to»élbughyfor}phereﬁiskﬁo#sddimentﬁbrg‘1%}'

unusual'quantity:of~solublegmatt§fiihfth0ﬁuoepagéauatet,knqﬁdangeriis;ff 

‘involved. aOrdinarily,“hbﬁéver;gona~§hoﬁld{ainﬁatéhfP?ﬁ?tiéﬁllijgtpr§f s :“
‘tight'dam,-88ﬂtrqguantly.thpiseepageﬂiséquh:mOreﬁth;n;sxp¢6tédyx§9onﬁaifg=::'”
91derabla~aeepdgéﬁia;particularly?likelyfto"occur?thrqughithefndtu?aln{‘1,Lw

-earth beneath:or at the Bidesadfithd:dam“andathqﬁfrequency:d££1t550¢;5933*

currence indichteamthat;more'study;éhduld?pé#giyenqtoiits;prsteﬁC4§ﬂ${§'ﬁﬂ’
than is ccmmonly‘done. T B R P R S

Tﬂzgr!ulicﬁFill;Borfdwf?it3ﬂitéfidlfQ:*'f*f;\‘*E:‘ |

iThe:analysas‘or.EybbbWapii;mégéfiélifdféhydrdﬁii§5fillﬁdahsﬁﬂ‘""

is shown on'FigureJZ,aandxadditionél-data'and3thevaoqrges5of§iﬁf¢tma§7«~'f»‘ 8

tion regarding them.is-givan onaTahle«Q;j?Theidiégram}shbustphatfa*widaxf:'

range of‘materinljhasfbean-auccesirully‘usdd"forﬁhydruﬁlicf&nd¢53miﬁhya
draulic. £i11 .dam constructioneu%ByﬁhydraulicffillSdamsﬁiéﬁﬁéhntﬂthbée*Q}
in which the earbh;is{bothvtranaporbeditp%hhefdam;andiplacadfby%phe:*ﬁ‘f'
agency’of,wnter,ww@ile\inrsemi;hydrﬁulicEfillsithe:matqriglzis?haulédﬁﬂ

by mechanical means:and;placedbhydrhulically;ﬂﬁTheﬂdatn;avgiliblbﬁia;nbtﬁi

~sufflcient to show bhat‘anyadifterenceuaxistefin;thesrqquiremgnt5c§£ L
material suithble‘for:these:tﬂo*tynesfdf;conStruction;;ahd:thpyihave -
therefore bedn plotted. on one diagram. :Gertﬁiﬁ;differsncés?dc;gtigt,; R
however. The maximum size of partiéleuwhich;canTbé?hdnglédabyithe?hyaf”,T

draulic method, .where the;matorialzpasses;throughhpumps,iis}liﬁitedibjfﬁ 5

the sige of'theﬂpump:openings. 10nitho?MiamitConservancy?Prdjﬁct; o
stones over-éi?.diameter.wureyscreenédzout.,1Largerrmatorialfia:frq4 ,
quently used.in:semi-hydraulic:fills. Ifithere’is a-deficienay:of

fine mnteiial.ﬁit;sqams?prchable%thatangreatersproportion&bttthajfinesf S
caping from the?bﬂrrow'pit,bouldlbepplaceduin:theqcore~hyutheihydraulid”i~

method: than can be wabhadaout‘of,the:material);fter”itlis*dumpédqpn T
the dam from cars intthe:semiéhydrauliqyprocess,paince"iﬁathe?hydraulic_g -
procaus:after“the>materialﬁpasaeatthroughathe*flumesior pipesithe fines
are in suspension and do not deposit:rsldilyvexceptuinathe core pool.




On the other: hand, AL thsre iS'&n axcass of fines,vuaLng the sami~ x_;' :
“hydraulic: process, p.rt of ‘tha'fins: material could ‘be: alloued toire- . ¢
main mixed with the cosrser. matarial 1n the outer section of! Lhe;dam. '

“From" the daba available it 1s: not possibla to set ‘al lower_-’ i
limit for:the size: of borrow pit- m&terial suitabla forvg hydraulic *

or semi-hydraulic Till dam. ~No:-sanalyses:of: borrow: pltimateridl .are v

available for the dams which hsve, failed: ‘dering’ construction,»andeso‘j;i
“far as. known, no- dam built: by the hydraulic Process: has;proved h be S
unsatisfactory: after conatructlon ‘WA completed L o

in the cass of* the 5w¢ng¢ng Bridge and Henshaw'dums*(ﬂca.{.

2-and 1) those:in charge.of censtruction: bel;evea ‘the borrowipits:to iR T

gontaln too much fine: material -&and:sowe was wabted. . At: thexT.ylors-“f;-**
ville Dam (not shown on Figure: 2) LU%i ot that maber¢al WRE ¢ ratalned o
on a 1CC-mesh sieve, -and. considerable ‘of “the:finer- material Was :
wasted. -On-the other hand, ‘at®ths: Somerset Dam, :the’ ‘borrow: pit ma—1

-Yerial of which was:awuch finer: than ‘any;of those; :Justy ‘named , "an ef—--“;"5'%i

fort was made to retain.all- of the fines, alum’ baing used: to settle

out. the very fine p&rplclqg.‘ The-gxperignp?'uith-this,dﬁm*,ind;cgpeéfruarf'1'

*Angineer¢ng hews—ﬂecord, Vol 103, November lh 1929, p*?769. ,f::j

that a dam using:.very.f fine- mater;ul can be bullt eﬂd maintained. It\\_
is not known whether or not fine: mnterial from the aaluda core is be~
-ing wasted. : L ﬁ S

The fineness “of “the mster;al allowabla is in luencad same— -
what by the rate which it 'is- expectadito build.the dam, rthe decision
to waste fine material in the case of the. Henshuw Dam: boLng influenced
by the fact that it wss axpected .to- bu;ld the dam: Very ;apldly. iTo
indicate roughly the. maximum size of material which:will: ‘make:a. tight
dam, a line has been drawn.on Figure 2, labeled:MApproximate.upper

limit of size for tight dam." This line is:somewhat: arbitrarily. drawn,_": '

having an effective-size of 0.12:mm;:and :a’ unifonmity coefficient of
60. This places it finer than the: Ceonconnuly. Dam, uhiuh ‘permits con—
aiderable sespage, although not-enongh to.in any way: ~endanger: the‘[;r
structure. This dam was built in: 1910, .when the’ construction of hy-
draulic fill dams was not as well understood as now. The. fine .mater— -
ial was only sufficient:to form:a core: which is:thin:as: :compared .with
dams more recently constructed. The Tistor. Dam contains.a concrete
core wall, and the. fact that.it!is.practically watertight 'does:not .
.prove’ thnt the- pLdule cors itsel{ .ig:sufficient., :The Dwinnell. Dam
(No..3) was also constructed of’coarse material. Before. construction,
it was expected: that .the volume of fine material would be insufficient,
but-.this was:not found to:be the.case. ‘It is probable, therefore,
that the material of this dam represents about the upper limit of
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'suitﬁbleAmateriél?fcf?aﬂhydraﬁlic?fillfdam.*?Tbefgnélys;s~shoyn“by,j_'f _,-
1ino*No.¥3vdoddbﬁﬁtfihéldde?Lhe?large?stqnesﬂandiboul¢9t,*aﬂdiiffy;f,14
thuaa\ﬂnro‘inclﬁdad;thé&proﬁbrtionLorithesqﬁlargér{partidlasyjjquf ‘j
iing,rrum&a:phOtogr;phxdf?a”dam;%wbﬂld}bg;é@:gidipnt¢t950ausa?the*j‘»¢§
’ 1ine+t6?£éllffairly?élosetto?theﬂlimiﬁﬁset;g¢ItTis3probgble&§h;ﬁ&uiph;
"”'more%unifofmimétariil;“i.iq;,shﬁlqwquuﬁffonﬁity;cpéffiﬁépnbs'afsﬂm?- S
g '”;what‘larger-effactive<3125fhpuldlbeggllownblggphnnﬁﬁhgy@}by@theﬁlimfv,;aa;".: 8
. Sting line on Figure'2, since this condition would. givera greater -~ . .
oronortiaﬁ'ofifine"materiﬁl;uaﬁdithatgrdrgtaigbeatérﬁthigknqssagfu-~3‘
" core. 'However,itheﬁdatawﬁtih;ﬁd'13TﬂQtSSﬁffiqient?tp%éstgblLshithisg;‘:(_j
fhyp°fh°=iS-'*ASvrumarkédiih-théﬁdisqﬁSSionydr;rﬁllédffillfdama;ethiswa~ |

"line Should:nbt?bﬁergarqﬁdéasxafdggiﬁite;limit,ﬂbpt4as&an;appfoiyﬁ§£§gp

N

"relntion;applﬁing:tofdamﬁﬁ6fqofdinapy;:bbés;pgﬁtiqnl;

"‘jhﬁyﬂréulic?Fillﬂcdreiﬁateriélﬁ;v
.“ConsidernbleidataﬁﬁééféécuradédnitheﬂdoﬁpOSit1qnféf@thqﬁcore{k?4'_
‘materi&luof*hydrauliéfrillxnhdQsémikhydraglihffill“ﬁams;ijn?Figgpgﬁj;‘ S
the:annlySosrafe‘nhounfgbéphicélly{;ﬁThaimateﬁiglsﬁdfﬁguccg$33pl§q§ms'5
‘vaay,ovcrﬁaﬁyidpgrange;;theffin§5t%shpi;ggﬁﬁoﬁ,cbarﬁer:thghﬁogozgfnmu”
- and'thedmnn:nmitiSOSQlarger?thanﬂo;J5;ﬂorﬁafnétioidffai;e;dfj1;14:6
' The matﬁnial“forming=the*CorevdflthéfCélav&taé}Dam{(Hé;flé)}ﬁhhi¢bf
K ‘sloughed.during:cohsttuétion*due5toftheffailupﬁadflthéﬁcontr;lfdbn‘
to cunsolidate‘Hith¢sufficiantﬁrapidit&;;iayshownftotbenmuchgfinér

f,f} h than any of the others. TTheﬁGhlavargsgDamkWAs?bﬁiltﬁpniorfto;thefﬁF
s construction-ofvmost!aftthbfotb;r;dams;:

shown, and:1ts:failurs, togeth— = :
er~uithzthatfoffthéFNéxcnxa?DnmI@cgusqdithéVconst:uqtbrﬂ{drmaynumbeb1y”$, B
of damsutoLwnste;soma'of*theffinegmaterialffrﬁmftheirgcqrdé;;gTﬁia”f._‘ff*vg
is pirticularlthruecOfutheZTaylbrsvilleiDamﬁﬂNp.@9)§Hwhiéh;Eﬁéxt¢{,7'f‘"‘
to,the_Calavara;,%had;the“finestfcoré;%gvan@ﬂithxmuéh%ofithe@very

'fine‘material*rumovodj“?Fines¢ﬁer¢ualso;inpchﬁibhillygwaStddiatW?i. i

the Swinging Bridge’Dami(No.flk)rahdﬁth:gﬂan:hau;DamiCNo;ﬁl2)TfiInl;U,ﬁ
the latter caaeﬂthe‘ccre;material3is<quitﬁﬁcogrse;&butnthisymﬁsgbeeﬂ'
lieved,to‘be'necqssaryatoesécﬁrg%éonéolidhtian;dfithégébreéatﬂAfSufiﬁ_;_ L
ficient‘rateutocpbrmitLSﬁrapid:conSFructiongor}theﬁdémﬁ;ﬁAS;erVibu$lyjﬁjf- T
stated,.howuv:r,§§ll;finevmateri&l*pOSSibldfﬁag%t@tainad;ét;thequﬁfg.}';g
ersed Dam (No. 2(/) withzapgarentlyrno?badﬁaffe%fs.fffff;fJ,;_.EV? e

S ,It"srnot:possible:toidatenminEEWith;Exactneségthe?lcwef‘]:., S INEE
N . limit‘of.aize“fob:safeacorermaterial.'SThe}lihé:on?FiguéeFBrlabéléd“fﬁ" T
e "Probsble LimitncfﬂSafegCornfMatarialg";isﬁsaméwhat;arbitrﬁrily--_« o
. ‘ placed.roughly"parallelgtoaand:indicatin npartiglesnSlightly;smaller=f‘ﬁ
o than thosercf'the“TaylorsiilléfDam:the;:No;?Q). “Although:a ‘dam _
LT might safely be built.with finar;gore«m&tarialﬁthagxindicitad‘byfthe :
EE {line,Aespecinllyfif.therrate“bf[progresshkaséslow,éror;dtdinarywpro-"

Cf grgae-rates,;materialifinerfthan'theﬁlimip;indicabed.wnuldfhardly.be

' cnﬁservamive;practiteinnless;tastsxor:tha}rnte;ofvconsolidationnwgfe
especially favorsble. . . .~ - o ¢




_ ‘No‘datafiéfavailableﬁﬁo{éhnwhthg;uppﬁr}liﬁit;qf;gggg;mq—:_”,_“
terial‘aizes‘from%thé'stahdpoihbichsaIétyadfﬁﬁheJdgmgjhytjgsﬁthaiﬂw",“f
material reaches a certaiﬁESIZe.seepagqfthroughAthefdém;}if}bgilt#wiyh K
‘the customary cross secti@n,lbegins;;pﬁagsumé“undgdirﬁble;prppgﬁq;gqs;;;;‘~~
.The Soft MaplefDami(Mo.*lZJ;waeﬁﬁﬁilﬁﬁdf%nearlyﬁpurgﬁsanﬁ,gapd:sbgﬁa
considerabls leakage. ﬂAaihheﬁu&terQbaSéiﬁg1throu§hii8;pgrrectlyimuj
clear-nO'concern"is‘félt'forithe?sifétyfdl}the;dam.wET e@linég;gbo;ed;_
"Possible limits of -satisfactory core:miterial™ 'is dra /passing o noo 0
through the‘point_Tapreseﬁtingf65§‘pgés;ng;ailpofpagh%ﬁirye;fgndjbeIOWQ_ﬁ,;j__.*
‘the lines for the:Bridgewaber Dan (No. 4), ‘the Henshaw.Dan’(No. 12), .
and the Dwinnell Dam:(No. 5),-all of which:have .satisfactory cores, &~
-Information is not availablqgodﬁthegreqﬁltSﬁatj@heiShgg@aﬁipamj(Npéﬁla),*yf 
‘According to Mr. Albert 'S. Crane,.who has:had extensive experience. .. .-
with hydraulic i1l damsewithﬁcqﬁesffanging*inﬁfinenes$C$POﬁ§thét”j
at the-Saluda Dam (No. 1):to the Soft :Magle Dani(No. 17), "Almost ‘any - S
'material,“65%*ofvwhithfpassessa@lOngeShgsiéve;{m;kgsééﬁshgisrgctory¢ g j R
cora. " It;is,ﬁtherefqre,}belié?éd&thatﬁiﬁ;atﬁ;éaggisdmeg¢ége;3¢¢ré5g.ﬁfd(-ﬁ
coarser'than‘thiéfhgve’been«foundftofbeiunéétiSfaCtdry;;ghﬂﬂthe}lineFtf'"'"
15'drawn:throughjtﬁisipoiﬂt,’althpugﬁfiheﬁrgsﬁltgfaﬁﬁthe{Sheﬁm;nipamj;j; S
(No. 13)5mayﬁha?e?bebnzsatisfaCtéb#}ﬁ?Mr.fognaﬁal$6ﬁstatésfthqt%df’*ﬂﬁf“.f"“ i

" tha dams withuwhiCh?hafhgs*bégnéddnnédtqd;ithgzcaﬁpdéitidﬁtéréthrw Ve e
Bridgewater’Dam;(No.i#)”is}thétbQSt;;#V“T- Ry "

d 11 ‘ givenite ithe:
effect of célloids Cnithe;various1matariéla;¢iThiufisﬁlirgélyiduéi
the fact that-no,ﬁa$a?on’thq*prdpdrtiéh{df}qdlldidsjbhesept‘inéaﬁy:,-
of ‘the dam materials is given. ]Sincd?cdlléfds}hévéfﬁaqﬁi&ig?éizQS;ff Sl
below limits variously aSSigned;betweénfﬁicoj?aﬁdfo;QOEImﬁ;}ﬁin&mdatg;ng“:" -
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