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_N~RANDUN ~ TOni THE "~z 0 HIEF; DESIIGNINO ~ ENOI _N~ 
. (E.~ W. Lane,.Resear~hli.Engineer) :~ ~-~ ' • ' ' " ~,~ 

Subject: Mechanical. Composition O f  ~~ : Dam~Mat . A ~ :  I ' " ,  . . . . . . . . . .  L . . . . .  

The f o l l o w ~  g : d a t a ~ w a s  : :compi led  ~from a v a i l a b l e  e n g i n e e r i n g  • i ~~ 
literature, ~BureAu'~'~of~ Reclamation,records" and,:other :~soUrces,~;!:in~order ~ 
to investigate the I possibilities " Of~ mechanical:PanAlysls'as ~a:~means :of .- 
determining the, suitability.of :available~;materiAis .-.for~the '.iconatrUC- 
tion:-,of~: earth :dams. r ~ The 'mechanicAl ~analyses~:of ~a i:Iarge ~'number,~.Cf 
earth darn'materials: have been :' ~ompiled, ,~classiffed ~;and :~'asse~bled ~in 

:. graphical,form, and tentat Sve.: conclusions c~dra~ .~ as Lto i the i~limits .Col 
the mechanical composition .suitAble for~,the :construction:'of :~earth 
dams: using various methods ofconstruction. 

The dams -were divided ::into~:two~'classes ; rolled ':fill'and " 
hydraulic, including- semi-hydraulic, ~'fill. i,~, Nearly ... all~ of ~ the .'avail- 
Able: mechanical analyses ~'fall :.into ~-one ~:of.: th1~.e :classes; i (I) ~iMat erial 
.for rolled fill dams, usually::-the:analyses~of~.samples.:for.~borrow .- ' 
pits ; (2) " Borrow:pit- materials :for~: hy~ulic ::or ~semi~h~rA~lic.~'fill 
dams, ~and (3) ,L0re ~ materials r'Of~ hydraUlic ~fill :: and~:~semi-' h~y"drA~liclfill 
dams. • : . . . . . .  • 

...Rolled.~Flll: D~m!M~t erlal . .. 

:OnTable l..is-:given~some iof the :data~ On :.the rolled.~fill : 
dams, 'together with. the ~ source:, of !.information ii'from which tthe~.:meChan- . 
ical analysis data Was obtained, iThe mechanical analyses, are :plotted~ 
on Figure i. This diagramshows,:that..a~wide:range:of.materials.have , • 
been used in earth dams, with 'apparent. success..;The 'data at: hand:~does ? 
not indicate any- lower_ limit '.to :.the.~-graln size,, of material ~ suitable 
for rolled i fill."dam: construction. ~In:ffact, 'dams "have-been-~successfully 
built with large proportions Of.~clay. If:~.the.term~-clay,,.used in~.the 
description of .thesedams :~is ...the :same-as ~:that ~;used~:by~-,the: Bureau~:of 
Soils, (which is,the classification used:~for~the ~sizes'"fine-::gravel, 
and below, as :shown on the -Figure ~i) ~. these ::'dams.are:composed of.~,R~3, 
much finer material ~ than anything,: shown-on ~the :.diagram. :Steps ~,are~now 
being taken- to secure., samples :" of:.material/'frcm existing,successful 
dams sai@:to have a high -.clay..content. It is ~;entfrely. possible, : how- 
ever, -that :!the- term ~ "clay" i as ordinarily, useddlffers .. c~onsiderably 
from the standard used~ on ::the :chart. :For-example,. the~three >samples 
averaged to obtain the ~line ~ (No. 2)~:.on ~:the ~: chart, : representing the 
composition of Table:RockDam material, .wereall described as "clay," 
although the average .analysis shows :only. about 7% of clay, as •defined 
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by the B eau'-:of.-:Soils .... "S ricient  owl,dge.:o iith'  terials'.repr - 
sented by.the::analysis c~u-ves~is not at!~hand~.to 'determine~owhether.,.or 
not:~,the mechanical ~analyses .will • throw~any~li'ght :;on; some pr~pe..~.ies . 
of the: material: which !affect ~: their~suitabilityi:.as ~relled ~,. earth : dam .... 
materials, such :8.s'..thc~i'ease of compacting, :.the!'~tendency~to..~:Stick~to 
the:roller, and :tendency:of'the.'~material .to~;slough'.when~:SatU~rated. ~ ' ~ 
The mechanical -analysis :cannot ~ therefore be!.taken~as ~r.the ~:ofily.:crit'erion:. 
of suitability 0f :!earth dam.materials..~It ;obviously.6annot ~indicrAte': 
the presenceof soluble .;substances ~.in...the::dam:~material, ,, - :  . . 

The. diagram dees:::give~a~.rough~indication~of:%he:..maximum. - '",-: 
size. of the materials suitable .for ~.thei imprevious i, portions ~":Of ::earth dams. r 

Line No. 9 shows:the c omposition~..oT~:the::~downstream~.:portion.of~the . . . . .  

Lahontan Dam,~which ~ was composed .! Of.. Clean, ~.well+graded Lgravel. JThe 
material comprising- the. upstream portion.'of the.:'dam" (Line.<iNo..18)%,was 
comp,~sed :of .a, 50 : 50: mixture 'of ~. the o.gravel shown.: bye: line"~i9 and :silt. 
Extensive tests:were~made~of:.the seeoage÷rates through~:thettwo-classes . 
of material and the. ~0: 50. m~ture, permitted ~a !flow. of~only ~I/3000th 
as great:.as gravel..'Sincc :.. the ~. Lahontan!~Dam!.has i'been ~ in~.use ~about 
IA years, and 'has not "shown an undesirable :~ amount ~.o'f.. seepage, ~ i b;::may 
be concluded ..that the :50:50.'mixture ~ represented~byilinei8.:is..::suitable 
for the imprevious 'sections, of earth:dams, ~and-~:that.,showni~by)~line.9, 
which allows 3, OO0..times.: as. much.~ water:to~, pass ~: through, :-would "noti"be 
suitable. ~: Experiments were~:also ~performedon~thematerlal-. of :ithe.-~ 
Cold ~iSprings i Dam. ; Line 15 ; represents ..the::materiAl ~ of'.the..:downstream 
portion, of ~-the. dam, ~..which ~,.was..~ 100% ~:~Erav@l, !This !~mAt erial . pe~mltted 
-evenmore: seepage thani~,that shownby~line' 9, and.would :therei'6re " . 
represent toocoarse::a mAterial. ~ Line i l~...:shews~material.:ccmposedcof 
80%. gravel and 20%/fine surface,~soil, ~which~.permitted : a/~;flow-:~:Of about 
1/2200th as greatas that." ofline/15. ~line.~13 .is.!foriiai~mate~Al.~Com- 
posed of 75% gravel and 25% :fine: soil ~, ,which:.permitted,~a ~':flow~f:.about ......... 
1/5000th thatof the~.gravel<~lone. !,These~materials ~are::believed ~:to~ be 
about t~@ limit of material ' suitable .i for~;.thei~imprevious i.~ sections i.of 
rolled fill dams. ..... - 

Theline shown:on:Figurei.l, labeled~,Approximate:limit:of . 
materials suitable for imprevious::sections~: of~i'rclled ifi!l,.~dams" is 
somewhat arbitrarily.drawn, ~ representing.-:an-effective ':.size;of~_O.15' 
ram. and a. uniformity.coefficient ofAO, :the: meanings of:these-.terms 
being.those used: ~by • Hazen; : namely, : (i)~.effective :.size; .the .diameter 
of grain-compared with which ,10% of~.materialis-smaller and ~ 90%"larger 
and (2) uniformity:coefficient; : theiratio.:of..the .size of~ grain.:ccm- 
pared with which:..60% is: smaller.:and, AO% ~.larger, to. the effective size. 
This line represents.materials/finer ~than.~ the ~gravels shown by lines ~ " 
Nos, 9- and. 15, ccmposing:.the downstream :sections :of i the ~Lahontan. and 
• Cold.. SprLugs.dams -~'.respectively, which -~ w~re ~ shown ~.to be tooporous. 
It shows coarser materials thanl;l~neNo. 8, the. upstream :: section of 
Lahotan Dam, -.and- about the same gradation as lines Noa. ~13 ~and.,l~, 
which represent the-top, .center and downstream center sections of the 
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Cold Springs ~ Dam, which/are"believed~to~ repreeent'~about~the~ upper ~mit 
of size.,of suitable materials, . if.~a~'reasonably~watertight , ~dam :~S'~to ' .. - 
be secured. ~ZFor the povous:,material ~ars ;=frequently~,used i:i.~!i..the:~down~ .. "-- 
stream sections of:!;dams t¢,;.. Securei~stability~.~and i. drainage, ~!-there ;'is ~- " 
no need of prescribin~-a .limitation, !iforithe~m~teri~!.may~:be~andiliTre - 
quently • is, a • rock fill ~ i~cldding :.boulders ~;Of~!i cons£derable ,~s Ize. -1: The ..... 
line given on. Figure l"~does not :represent ~ a:'fixed~'limi~.!beyond~-i~ich 
a safe dam can not ~be built , !bUt ii.s.:believedi!~toi~represent~:approx3~nate _- 
ly th~ limits of material -which,.can;~be -.used:~#or ,.dams,!6f ~ithe'~cross'. sec- . 
tions oridinarily used to .secure .a;idam.,withrout obJe~tionablemeepage. 

Practically all.dams seep:more~or~less. 'The~!~ense~!to. which 
it is desirable ~ to .go to :get:~an ~extrsmely~-watertight :..dam :, fs ~"a. questlon 
of. ec ontnic s and depend s, largely, on ,. the~.~ value ":or.:~c ost !:of .the ... s6ored 
ater. D.ams sometimes have~quite:la~ge~eakage~::th~ough~ them, '~bUt~as 
ng as ~ney snow:no. tendency~.,to.,sloug~h; !:~or~there ilis~'no ~sediment,:"or ' " 

unusual quantity: of soluble matter.:~in~ the ~seepage .~iwater, in0!~danger is ..~ ' 
involved... Ordinarily, ~ ho~ver, ,one ..should alm"..at a ~ ra,t c'- ' .. " ' . . . . . . . .  :. . ~ .- ..~. p c i AllYi~water-- . , 
tight dam,. as ~ f,r~quently ~the:~seepage :. is.~much~more ~ than ~ expect ed..~:~iC0n- - ~~ 
siderable seepage" is: particularlyi likely~.:to •occur ~:through .the ~.natural " 
earth beneath :or at . the sides _of.~_the..:dam: and '.,the :. frequency.:of~.liitsi oc~ 
currence indicates that:more study ..ehould~be,,,given.~:ito..~its ~ preventAb~O,~.i. " 
than is commonly done. . - ~ 

Hydraulic Fill Borrow~iPit~..~ater~A1 . . 

is shown on Figure 2, and additional, data..and:..the~..sources:~:of/Iiifo~na ...... 
tion regarding .them .. i s ~igiven on .Table .:2.. The._~d iagram-., sho~ 'that .~.a w~de 
range of. material has".been success'fully used forl-hydrattlic:and-.ssmi_hy_ 
~raulic. fill .dam construct ion..:-Byi~!hydraulic filli.~dams ~:is~meant :~.those 
in wh.ich .the earth:is both transported~..to~.the .!dam.:~andi:placed~-by~the ~ 
agency of water, .. while in :: seml-hydraullc :i ~ fills.the ::mat erlal ~ is ihauled 
by mechanical means ~ and plac edi!. hydraulically. ' !.The !. data :.-available '.~is :.-not 
sufficient -,to show that any, ~-dlffe renc e ~: exists : in !..the ~ requirement s ~ Of 
material suitable forthese .~wo t~es :.Off'.construction, ~ andiJthey~hav e 
therefore been plotted on one diagram. _ Certain:differences.~do ~axist, 
however. The.maximum ..size: of particle:.whlch :can,be~handled~bylthe~hy,.":..- 
thedraulic method, .~where the-materia!.,passes~:.througj~,pumps, ~isiilimited!.by 

size of the:--pump.:openings. On: the ~-.Miami Donservancy~Pr0ject, 
stones over 6,~". diameter ~were screened~out. ~Larger.,material~is:fre- 
quently used-mn-'semi-hydraulic,:fil!s. If-~there is i a::deficiency~.of 
fine material, • it .: seems p.robable ~:that :a greater proportion...:ofil.the :fines 
coming from the~ borrow pit~.could~ be[;.placed i~ ..the core,by.thei-hydraulic 
method than. can be washed.:out of the~material.,after .it!is.-dump~d, On 
the dam from cars in the~ semi~hydraulic.::process, .:since.~in-.thei-hydraulic 
process after"~the material:'~passes~:.through 'the , flumes ~or pipes ~:the ~fines 
are ,.in suspension and do not deposit: readily, except In:.the core pool. 

:¢.. 
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O n  the other hand, .if .there. is~;~an :. excsss'::of: flnes, ?!usinK~ithe.:~semi- 
hydraulic process, part, of ~ the LIine. material,"~ould:tbe ~allowsd~to.,re- 
main mixed with the' coarser., material ,: in ~,the~ Outer :: section ~ of! the~idam. 

From' the, data• available i.it ~is :'not '.poe s~ible to ~ set ~ia~iiower ':~ 
limit for-,the size :of borrow:pit-material.,, sult&ble~:ifor.:,a~.hydra61iC .~, , 
or semi-hydraulic Till'dam. No::.analyses,o~ i:b0rr0w: pit~materiall...are 
available for the.d&ms ~tich~have~.failed".'during const~ctioni"~'and,~so <~ 

far as. known, no -dam built: by the ~:.hydraul~c ,proc ass r has i:. proved,to ~be 
unsatisfactory::after:construction:was:~.~completed. .... " ~::i "":~::~'.: ." . " 

In the. case of the. Swinglng~.Bridge,:.a~id~-Hensha 
-~ ~ud l) those:, in charge., of -construction~.:belleved~:the 'b 
contain too ~uch. fine'.ma~erlal, ,ands.some.: as:.>wasted, :.A 
v ills Dam (not shown ;:on: Figure::2) 60%,.10f :.:.the.; mat erial wa~, retained 
on a iOC-mesh sieve, .: and. considerable .: of: the ~ finer material :'.was .... - 
wasted. Onthe etherhand, atthe,.~omerset~.Dam, ~the"borrow~:pit ms- " 
~erial of ..which .was ).much : flner., than: any.of~.those just ~named,.",an ef- 
fort was:mad~ to. retain :.'~ll.: of .the.;fines, ~.-alum~being:..used~ to. settle " " 
out the very fine particles, The,..,axperience with~.this~:dam*~indicates 

*Engineering News-Record, Vol 103,~.November.:IA,Ll'929, :p .: :769.~. •. ~ 

that a dam using- very~<fine~ material..:can be~ built: and:.maintalned..., '::It~ 
is notl. known whether or not. fine material?f total the Saluda ~c~ore . is ~be- 
ing wasted. '. :i .~: . " -:~ 

The_ fineness of the material :. allowable .: is ~.influenced ~::scme- ;~ 
what by the rate which Itis-axpected'~.to~build~..the.dam, r.the.:~decisi0n ; 
to waste fine material in:.the case.:Of' the~Henshaw:~Dam~.boing, influenced 
by the fact that • it w~s. expected .to"build :the-. dam'.~very:~rapidiy. ~_To ~ 
indicate roughly the maximum s i ze . off;material .which L~lli~:make ~ a tight 
dam, a line has been drawn.on Figure;2, .labeled~"Approximatei.lupper 
limit of size @or tight dam. ~'' This .line Lis,lscmewhat~::arbitrarily;drawn, 
having an effective size of O,i2~mm.~.and.~a':uniformity: coefficient :of 
60. This olaces it finer than:the,Conconnuly Dam,:..which~:permits .con" .... 
siderable seepage, .:although not .enqugh < to.in any- way.endanger ~.the 
structure. This ~dam was built •inil910, ~,when the.construction;eli hy ~ 
draulic fill dams was net.as.well understood as now. The ~fine.mater- 
ill was. only ..sufficient: to form~.a~ core which is ~ thin :as~_cempared..with 
dams more recently constructed, ~The!~Tieton.Dam •.contains .a concrete: 
core wall, and .the.'fact that. At .'_is ;..practically -watertight-does >not 
prove that the-puddie~corelitself ;is::.sufficient. The: Dwinnell Dam 
(No..3) was also constructed of:~coarse mmterial. Before construction, : 
it warn ,expected. that ~the volume of f.ine material would be insufficient, 
but-.this.was~not:found to, be the~caee. It is probable, therefore, 
that the.materlal of this dam represents about the upper limit of 
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suitabl e: material ~,Tor!,~al, h(v~raulic !fill~ dam. ~ilrThe ~'anAlvsis "shown' by 
line No. ~:3, doe~ ~ot include !the~large :atones ~,and ~boulder, ~andi!,If ~ .~,~ 
these were includ .~d~,the' oroportion ,.-Of !:these ,larger: particles,., Judg- 
!ing rrcm.Ja.photograph, of~:a!dam, ~wodld~be (auLf~icient.',to,~cause,the <.,. ~ - 
line-.tel fall ? fairly '~ close "~to '. the}l imi~ :.s et ..: ~It', i s :<:nroSable ~',that ~.wtth ~ ~ 

~. m°re'~unif°rm"materiAl; ~i- ' e,., :a ~.lowe~ iuniformity.coe~ffdienb~ a.ecme- . . . .  

what larger :effective,size, would! be :~;~llowable'than~/zhowni!by,the ~,llm _ -"+ - " 
Ittng : llne. on. Figure 2, -.~ Ince ~' this :c~hd Ition~.,~o61d;-giv~ ' :~-~ ~~greater 
oroport ion of . fine mat eriKl, ~and ~ therefore !a ;~Ereat er~ithick~ess ::i:Of 
core. However, i~the~data~at ~hand ,is,~riot~sUfficient~tO~:~establish~.this ,~ 

" hyp~thesls. -As. remarked~ in :the:::'discdsslon~.6f~-~r611ed;:-flll.?~dams.,:.:~this , ~- - . 
line should, not; be -regarded ?as ~a:;defilnite, limit, ~i!but .as ~an anpro,%imat e 
relation aDD]._9~_ng:to,dams7~i6f...o~r~ina~ycno'Ss~se,~tion,.. ,: " " 

Consldsrable ?data.~was 'zecured-~on?the ,.ccmposltion::of~.tbe~core . " 
materlal,of~hydraullc ~fill.~',~nd<.,se~i=hydraullC;?~fill +da~s. : i!On?Fi@~re .~3 
the ~analyses are. sh~-igraphlcally.. ,<The~matsrlals~:.Of~.~succe,ssf.Ul;~dams 

~,~ -,,. ~ ~u~ ..~arger: thanOO,35,,"or!~,a,., ratlo~:Of,~-slze...of li 1~6,..~ ,, " r ~ "" ' ' " 

rbe. m~mlal; fon~Ing~ the'core~.of'~, the"~Calavaras~.Da~< (NO;- ~.16):~, r~lj.[ch-~ ~' " .: . ..: 
sloughed d u .  ing construction .due:to: the!"failure~.~T .the::cent.ral.~dore ~- ~ " . 

to consolidate with--sufficient :,'rapidity, ~is ~.shown~i to ~be~:~much -:finer .... 
than any Ofthe others. ?.The..,Calavaras Dam,, was~built:priorr ~to~,the ., 
const ruction of.most,~ of ~ the <other~idams ~ ~hown, ,'..and ~ it s failure,, 'tO eth 
er with: that<of the:~Nexcaxa~iDam',~:caused~:the,constructcrrs~,0fi~a~.numb~er ' , / 

.of d,ams to,waste~ s~me ,of • the i fine material?fm~m-thelr ~cores. i ~This 
Is oartlcularly.,true:~of,,the i.Taylorsville!Daml;~o. %9)~Ai~;whlch, i '~ext 

to -the Ca!avaras, + had ~~the ,.finest ~:core, ':-'e~en,wlth?~much ~iof il the ~,very 
fine ~aterlal~ .~oved 2 ~Fines-were ~ also.!.intentionally,,wast ed ~!at~ '" 
-m' o~nglng ~rlage uam~i (No. IIA ):~and the~iHanshaw~'Dam~'~(No.[iI2)-.. • r~In 

the latter case the cor~ material,'.is: ouit~i~coarse,~,'buttthis;,was~be_ 
lieved to be nec~ssaryi, to :~secure ~!~ consolldatlon,:~of !the ,:'core ~<at.~!a ~ suf& 
ficient rat s.,to-:permit ~,a.~.rapid~ const ruction,,~of i,the ~!~dam. /~AS ~ Oreviou~ly, ii ,' i'. ' "-- . -.~ 
stated, however, i all.flne~ material-possibie..i~was -rethined at - . t he !~Scm- .  + 
ersed Dam' (No. 2 0  ) ,  With !.apparently no::bad~_effe~itsi ' ~  ~"-"~:' -~- . . . . . .  ,. . ~. , 

It ~s not. possible to-determin s~.the ;, lower ' • 
limit of size..fot~ safe'.core:~material. "The! line~cn':Figure ~3 :labeled '~-~ ' 
"Probable Limit. of Safe. Core:Mat erial," .;:~ s ~scme~at ,-~arbitrarily 
placed roughly,parallel-~to .and ; indicating-pa~t~ Cles- sli-~t~- ~-~ ~ ~- 
~an those 'of the Ta_vlo~zille D,m ~ , . .  ; ~T^ ' ~ ~- ~ .~ - ~ ~',.~~'.'~"~- 

- -  - . ~ .  ~,,A~ ;. ,~+ . , , u  • " '  ! • : . . l l d . T . f l O ' l . , t ~ n  ' ~ a  < c l a ~ l  

might safely . b e  built,~Ith finer.core++material~..than, indicated+ by: the 
line, . especially if. the :rat e of progress,,.~was~slow, ~for.: o~d inary-pro- 
gross rates,: material finer~ than, the ~ limit ~ indicated would hardly be 
conservative.practi~e muless ..tests of~:the~Tate, of~ consoiidatlon-we~e 
especially favorable. ,, 
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N data is .:available '.'to ,show ...the ~upper ~-llmit.. of.core, ma- 
terial sizes from :the standpoint ::of~saZety..of :the dam,~:but ~s"~ths,:.. .. 
material reaches a certai~i.i~Slze seepage ~through~<the~!:d~, iiif :built Jiwith .:!i,::- 
the customary cross section, ~.begins :~to~ aseume-~un~deslrable proportions. 
The Soft Maule~.~Dam (No, :l~) ~ .... .... ' " . -was .~buil~ ~,: of ! nearly. •pure ::~ sand, and ~ show~d ,. 
considerable le~(age. As.~.hhe ~i:water~passinE ~throuEh.lis ::perfecbly'i . ~ ..... - - : 
clear.-no concern iJ felt for :.the :.sa'fety~.of :the.~am. ~:T~e'~!li'ne .!labeled, .... :. ~ ': i 
"Possible ~limi~s of satisfactory Jcore ~miterlal,, is.-dra~n~passing .- 
throug~ the point-represent~ing.~65% oassing~a~iOO,mesh ~.~-ieve, ~and,j~below : O 
-the lines for thei. Bri~gewa~.r~D~ i(No..~'~);:itheiHensha@.D~(No.::~12),, i : : 
and the Dwinneli Dam :~.(No. i~5"), .ii ~al~ df iwhich ~have :.s&tisf~C't:0r~i :c~esl ~ ' . 
Infonuatio n is net availabl'e ~o~ .the ..res01ts at i.~he .'Sherman iDam: !~(No'. Jl8), 
'According to" Mr. :Albert ::S. :Crane, ~..who :has." had • extensive ~'experience.- 
with hydraulic fill dams ~ with cores ranging"in::Tineness".~Trom-~that ~:"~ • " " 
at the :Saluda_ Dam. (No. l:) ~- to :the .-Sofbi~.Map! e '.~Dam i.(No.?:~lT0, "Almost <any.! i ". :. :.. 
material, ~65%.~ef:.wHi6h ~asses : a"..~lOO-mesh.~.sie~e, ~.mAkes ~iai"~sA~isTact0ry~ 
core." It .is, therefore, .:believed ~.~that :~in ~at,!.leas+~ ~is0me ..cAses cores . ~ ~" 
coarser than this i ~ have 'been .:found .~ to: be .unsatisfactory, :::an~ :'.the .iline ,~ 
is drawn .through thispoint, althoug~i~the,iresElts : t ..... " .... 
(No. 18) may! have :.been " . ....... . a ..the,oherman~Dam . . 

~sa~isfact o ry.. ~Mr. ! Crane~aiso.~! states :'~.that~i6f 
the dams with v~dch ~ he "has ~:been~:connected, ':.the ::c~posi~ioh,.:6f ~'.thdl. ~ 
Bridgewater Dam. (No. A)': is ~•.t:he !:best ; " " ::. - " ' • 

In ~ thi. discussion • no ." consideration ': has !been ?gi,ven~.to :%he•.: 
effect ~.of coll0fds on:.the various materials.. ".Thi~ is:Jlargeiydue-~to ~ 
the fac& that. no ,:data. on "the. proportion.-of::C6110ids ~ present ~:in .~any , 
of"the, dam materials -is given. Sincdi:c0116!ds :'~have ~a~icle~:sizes 
belowllmlts variously assi ,gned between."O.CO3 ~and O~I}O~mm". "~i "- 

• , , ~;~ost:. 
of the :materials con~idercd they' wore .not :-.present:3in~iarge~quant-lties. .~. 
The suNJect-,.of colloids and their~effect i.on.permea~ility~is:~indefinite .. 
and much further knowledge ...of :their ~propertiea~:iS .de~sirable ..~ ;It .!is. :- "~ -" 
hoped that Further investigations ~lonE ',.the .~line~i of. colloids ~will~:~e : - ~" 
made, especially with~ referenc~ ~to- d~m- material, :.which .will !.thr0w.more 
light on their effect. ~ , ~<~. 
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