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"". This 'rePb~t,', covers apre11minary inveatigaticn undertaken 
by the Wa,ter Research 'La.1»:a:·at0ry of the Univerai ty sf New South 
Wale~ en behalf 'ef Pc> ' ~,d Ro Penny PtyoLtdo The investigation 

.. ,,:~a.e .. , ;~Qmmericed~rt .. 31st March and completed (On 12th April 1960 0 
'+"!'.' .. - . , .. :. , ,. ' ~. ~'t~;;.~ ",' .;:, .. :~ '-, t'~ .: ' . 

.. ", :,q ~': " ThehYdr@log1.c ' ~tudj , (Appendix B) was made' by MroCoG"Coulter, 
, P~ject Engine'er~: the 'study of raindrep ' penatrat1®D (Appendix C) 
, by }uo ' DciTe H&wsll, Lecturaro ' ~.a.e in11eetigatien of -them\l)tien 
et'fresh and salt! water systems (A:.o,endix D) ,and the preparatien 

;"; ef ,the final repert Vlerecsmpleted by Mr$ RoT. Hatters1ey~ 
: Sen~(i)r . Lecturex:~~\" , ' .... ' 
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HeRo Vallentine 
Aasoco ProfeSS9r of Civil Engineering 
Office:r=in=Charge of the water Research 

La bera tory'o 

26th April 19600 
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A commercial process for the production of salt by the 
solar evapo~ation of sea water entails the use of extensive 
eVaporating ponda for the pUrpOS0 of reduotion of natural 
Boa water to a brine of ep~roximato specific gravity of 10250 
The b~ne is then dra~n off to a concentrating area camP 
prioing a tlack heat absorbing surfaoe in w~ich crystallization 
is carried out to the point at which the salt crystals can be 
garnered a.nd separated from the mother l1quoro 

-' 

A preliminary series of laboratory exparim'ents ha.ve been 
carried ' out to establiSh prinoiples for the dosign and operation " 
of the eVaporating ponds and to assess the effectiveness of 
protectiv~ and removal techniques for countering rainfall 
precipitationc;) 

(iii) 



The development&f a. commero.i·al pr()ceea for solar evapora.tion of sea 
water to produce salt is dependant upon the control and removal of rainWater 
deposited on the e~ap3rating areaso The evap~rat1ng areascom9r1se'e~ 
tensive artifioial ponds fed with Bea water to make up fer water removed by 
natural evaporation from the pond surfaoes~ The residue remaining in the 
ponds comprises concentrated bl'ine \11'th un overl8J' of salt watero The 
average Gva.pgrat;~on l"'ate in the local1'ty in which it is proposed to establish 
the industry in less than the ra1nfallo 'J:he aucoeas or otherwise of the 
proceus depends ~n the prevention, as far aa is possible, of the mixing of 
raAn water deposition with the aurrage layers of salt water and by efficient 
utilisatien of naturllJl density stl'atifioation wi thin the pond to effect 3. 

remvval Gf the frea~ water to disposal drainoo 

On br:;half af Potlnd Ro Perm.v Pty<,Ltdo~ an 1nveet~~ga.tion has been ca.rl.~ed 
Gut into aspecr'Gs of flew behaviour wi til a view to establishing a basis of 
desie,ll far the fixecl instal1n:tiona forming tho psnde and to lay down the 
general principles of op;;;lratiol1o 

Thio 1,nV6fyti.,gat1Gn io not a full inveatigatien of the pr.blem~ many 
aepec'ta ~f which will r-equire further racearch befere complete qua..l1.t1 tative 
evaluatifin ef the principles and the techniques can be madeo Actua.l 
9parating experience will slsG be ~:.nvaluable and essential t. the imprt)vG= 
mont in the p~COB6 and t~ bridge the inevitable gap between the extent of 
kno~lsdgG which can be gained b.y laborat0ry and theeretical inveetigat1en 
and that necessary in the cemmerc~ial operation of the industry en a largo 
ecaleo . 

In particular, the aspects which have been oensidered tor the compilation 
of this repsrt are as set down in P ~ and Ro Penny() s letter of 28th March 1960 
(ApP611dix A) which may be summarised as follows.=> 

To investigate and report ona= 

(1) The extent of penetration and mixing of raindrops on impact 
at the surface of a pondo 

(1i) The feasibility of removal of rain deposition b.y drainage 
over marginal weirs including estimation of velocities 
attainable under storm run=off for storms of various 
intenei tieso 



(~,ii) The P013Si l}ili·ty of reotrict!ng 'Ghe TeCllvement of brine 
by meaYlf.;l of baffleso 

'1\::~ ol)taj,n "'(jhe infoJ.:>IT'l.ation tf.) ana\~:N9r the prcbl18ma assgciated with this 
~1.nVGfff::i.ge.tio:n~ a, series gf la'boI'at®ry teste and research Viera ca.rried t,t\ut 
under thrsa IT'J8.i:i'l hea.dings under articlerJ 1~2, 103 and 1040 

Tbi s study c"mpr~,seG an eva,luation of ence=1n:: ... fi va yoar rainfalla in 
the 8.I"{;a and the calculations of the water aur:faca pr&filea and associated 
ru!F.,,~ff re,tes from pend Bu),:"faceao J)et~ilfJ Gf this study alee Co.n:taj.~(? "'­
n f'nllH:d(J.i{i.:tJ' l"OPCZ"t by ~if:t"o C ~;Go Cruul tar (Appand1~~ :8) 0 

~:f)'~t:J wa!"(} maa.(~ by f1iU'lt.llln.ting ra10n d:reps af 81~ea c~rraop~nding t. the 
18.r$,f.n~d; z"aind:t\7;)pa IJJJ~ely' t~ @CClU: u iJ.dOJ: fl.r~\Drma of c~mpal'a'ble intsrtr& ty t~ 
'thtHJO n:,£ Part le3 aoove" 'f-he :l"'8L~J,ltr?! 4:Jf thase t~ata oarried cut 1:W 
Yi.r() D~~' G H~wel1 a:r.'e cCJutrd,nr:::d in a. tlubrJid.:b;'l.:r.y rep'ol~t ~~n Appendix (tCu o 

frVj,f:l aeries 0f tests was undel"'takel'l -JJi th ·the object of assessing the 
6.epths r:n1.d movement s of salt 0r f:1:66h water streams mevlng ra18/~i va to one 
(~nwt;h0r~ the exte}:lt of mi~ting and 0ther ef'fectt3 suff'icien.t tQ esta.bliSh a..'1. 

20 

cva:r.'&ll evaluL1tion enlyo Detej;" ls cf th.e tes"ts 8x·e contained in a oubaidiary 
rep{ll"'~ by R.To Hattersley (Appendix D)o 

No lar~:I'at~ry tests were carried out il1. c;~nn€Jcticn vd:~h this report upon 
the mechanism of ·th-e movement of ~"rinG in 'the e~la:pt}rat1ng ponds dUling the 
perl~d.~ of fine wa~.t heJ.' vwhen sval1'oratie;11 i8 in pr{!lgraaso Wal©h1 intG:lalio~ 
(116:1": (1) on 'lihe subject 6:1"" ljlmnt'l@gy~ has po1n"ted ~ut "Ghe form of etratj,:i= 
ica i;ioa which takef.l plo.ca reaul t:Lug ill a etagnan"t layer fjf denS6:i: ( end colder) 
water at the 'oottom of a lak(ie Ab~ve th:ts bottom layer exiata an :f~nt;·:I'iiledi8/~e. 
layer oalled the thel"ro(;H,~ljbne ab~ve wh..i.ch circulaiiE)n of water teJ<8S place 
l.~ndez· the c~mfbi!lad, act1i.@n ~f wind and hea.t axchang-e;" The liquid of surface 
layers faJ11s tq} the thermaclina and the layers imriwdiately aoeve the therm= 
~c11ne lOOve c@ntinuQusJLy t9 "the surfac60 In the ::08.a6 ef the 6vapti>rtlting 
pend~ it seems not unlikely that this pr~oeS8 will also OCCQ~ as it deea in 
lakes with th'3 added c@ndi'tign that brine CGncent:z."ated by eVaporati0n at the 
surface will ul t1mat61;.,~ by reaoon of i'ta densi ty~ find its way to the lewer 
layero 



Hecerd5d eXpeI'irnentel er natural observation of this phenomenGn in 
ahall~w . puna i B~ h0wever, lacking and it may be pl'caumpti va to assume that 
the c~ntti tie)ua obaervsd in deeper lakes alee h01iLo in all eind,lari ty :lx~ the 
shallew evaporating p®ndso It i8 evi.dent~ h5WSV(n.·~ that increased danai ty 
prq)o .. ucod by e,~pcration in -the surface layal's will reaul t in turn~"f/6r cf 

30 

the brine which, in the p~nds of large surface areB~ may eccur at lec~l zenas 
~f circulati®n or p~inta .where leoa,l It.natabili ty developso However~ under 
auitable conditi~n6 sf prevailing winds and aub=diviai~n of the pond by 
artif~;,cia], barr1ers~ turnevsr could. ~ccur as e. c@n"tl,nU<ilUB circulat1en lMJ 13 
l'l~tod in lr-&.:eso Wl1ichever way Cil·cula .. tion dees ~c~'Ur9 it · w0uld seem n~t 
unrea.s~nn,blG to aU!=lp~ae that the denser brine will accUImllate at the bottem 
and a dC011Si ty gradient vdll occur "throu8i1out the dlSpth of the pondo Tha 
nature (j)f the density distribution with d.epth in shallow avapo);oating pC;:'lda 
is unkn.fn)1"tl and further experiment on th.iB aspoct appears desirablso 

As discussed later in this repert~ quantitativa evaluation of ,the 
dellsi "ty~:-:-.{lElpth veJ.'ie:tlcn is relevant to the m~de ~r ope:raat1on of freah water 
J.tlll'ging operations and -the control of new Gsa WEtter feed to the systsr,J'no' 

As a model for design purposes in this inveatigation~ it is therefore 
aug'gas"ced that an average linear denni ty gradient be assumed throughout 
the depth and that the relative density at the bottom of the p~nd be that 
at which the brine is suitable for draw=off to the cenoentrating areao 
'Ilhl,,~ figure i8 stated by Bot"tomley and Atkins (R6f~ 2) to be 102;0 
The averago density of the topmest layer wlll then be that of new sea 
water or slightly gJ."$a"tsI.-- if the pond has been under evaporation for some 
timeo 

202 ~~~~t1on and !Jilting of Ra:t"ndrops 

Experiments carried eut by MroDoT e H~well, summarised in Appendix C~ 
shew that rain falling an the surface of the p0nda mixes with tho topmost . 
layers by a process of turbu18nt diffuaiono The extent of the penetrati~n 
appe8,ra t® depend upen the kinetic energy fJf th(~ falling dNpa and. is 
accerdingly greater fer larger size drops than amallo The results ef the 
exper1.;,ments shew tha.t fer large dNPS (appr$D.,IT'.ntely 303 rmn diao) the depth 
-t c~ntaminati0n in sea water is abeut ck inches and f0r smaller dr0p~ 
{204 rum diao)about li incheso Owing to the effect of energy diaoipat1~n 
'by turb.tlent diffusian, the upper regicn ef salt . water vrl11 suffa1" an 
average dilutien in prep&rtien tc the t~tal precipitati0n falling in a 
ateI'm, assuming fUf course that the surface remains static and no lUJl==.eff 

eccurs during the period of rainfall 0 



. ~~);J0 hyr.l,r-~:d,J·i,::;l~ f?tv.(~_;r t-;;:- :HJ.:o C eGc n~)~}.j, t·tu." (App(;:ndix :8) J.hll{licates 1;ha 't~ 
61' thepf,i~~Jai l)ll~t ~i};:H';'(:0,",.jJJ>""fiV~G y~u,r f.;/.t;;9~;iii~;; t hat. which llte't'~l f@r 40 minutOD 

wi:th en aV6J:·Q,ge int~~lr:li"GY \\.,1' 204 1.nch!'l!j per hour Vl3uld pNdu~a the great,=> 
<lert ~v:tflrjt:-{ :r2.'-"t;0 when. f·lq;~\il:tn.g ~'"Iffe1.· 8. 200 f 't:J lengi:ih of solid hur1zel'ltal 
sux1'e.cso The manmUlil vel~ci ty W(£luld 1)~) 0 0 6 fi~/ sec at the Cl~o3t ef the 
f)utfl~,w alll... A ah~l"t diat(1..nce fl,,*m i;h(j !.ill1 the veleci ties weuld be 
ve:t:y much lCi'(i'e~ a,n<l~ ~n the b&.,aia 6if 'ijhG eX}Joti"ments in Appendix D9 01'1= 
trati:lmen:t a:n.d. nd,xiug e;.f'" underlying fl~w ;Neuld "be negligi bla under such 

i c~ndi tih,6jY.\Bo 

The af"feet flJ;f the r,ainu'a)11cc,-,run~ff p:L~~cess \0)11 mixing of the ra:i1,nf~'ll and 
brine w3uld thuG b(~ pred~mirLantly thn:~ of r·aind.l~p penetra.tion and 0011= 

t af,tq~~i1.r: tU,z"'tulent diffuBioDo Since t.h.:is effect conts.minatea the brine te 
a depJ~h ~f me1!7t)ral inohes!) i t ~, a n~}'~ f€U,1,f::!l b10 to base a rainfall l"em~val 

. pr~C~r3S Upal'l the a~8umptl()n that ra!.nfall w~il1f'low ever the br~~ne S\\rfsQe 
~~ sir::iple ctJ:·CJjj,i1l.1,~0 '~vei~l·~ .. ~ an if fall1ng' UIJ,;;,n a?'lci. flowing aver a 6clid 
auri"ecE!'f" 

The denai ty ei the upper layer of the -o:r!n.o~ prior to ra1!'n~ w:i\'11 be at 
t least equal tc that ef fresh Sf;a, water~ C,;~n~i at ~Elt times greatero It is 
, clear that:l-= 

10 attempted remaval~.n+,aminated t$P layers will only be justified 
if the average apeci.Z'ic gravity t)f the ~entamina.ted layer falls, 
below tha:t .r r.ew srja, watero 

2~ when heavy ra...\n iPJ imm1nent~ the msst effeotive f$rm or 
pr.tectiCitn ma~y 1Je. t9 CI&Vel" the p~nd a.r€la, with a fresh layer 
-t sea wa.ter efde,pth accerd1ng "'~® tha eet:i.mated rainf'all pr~ .. 
cipi tation 6xpsctado This sea wat(:lr~ when centaminated1' may 
then be rem()ved by ~~ieplacement W::'t, th fnVtJ:'6 eee. water" which op= 
erati ... n . G~' be achio\(od a.t a cos'~ a~priiximat61y equal t. the 
energy C$ st -r pm.-,pll,ngo (Refel"'ollce ll'igt:' 1) 0 

In ca.ses whers light rS:bnf'a1Ll eOC;U1'6 ar l,-,wt,f;.fa.1Ll eccura wi theut ad""" 
il~qu8ta wa:L'ning~ the necassi ty ~j~ ram.val of' the tep layers would be 
idetarrro~ned by actual density mea.surements tsl-ten :t"x"OTLl samples at the au'reo 
~ice cf the psndso 
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50 
The quantity ot oontaminated water to be removed depends primarily " 

on the drop size occurring with the rainfallo Laws 'and , Parsons (Refo3) . 
have shown that raindrops range in size from 4 mm for storms 1 inch per 
hour or over dO,Wll to drops Oo8Bmm which occur in rainfall intensities ot 
the order of 1/20 inch per houro The average size of raindrops i8 about 
105 mm and it is estimated that this is likely to produce a penetration of 
approximately one inaho Hence, the surface water or the evaporating pon4 
will require removal to depths varying between 1 iQ and 2~3/4rt tinder ordinary 
conditions of operationo 

The experiments descr! bed in Appendix 1°0" show that the differential 
movement of thin layers of tresh and sa.lt water inevitably produoes ex-' 
change of salt between the moving layers and for this reason the technique , 
adopted for displacement of contaminated water Should be suoh as to entail 
the least differential movement on any existing or newly created intertaceo 

The spaoing of feeding and outlet channels will therefore have ' to be 
designed with respect to, the attainment of minimum velocities ot dlsplac&o 
ment consistent with cost of provision of the channelso 

Apart from the spacing of inlet and outlet channels, ether factors will 
' be of benef'i t in obtaining the maxirmun evaporative effecto The first ot 
these is to ensure that the evaporating ponds are left with the min1mwa 
amount ot disturbance during the fine weather periodso To accompliSh this, 
it is desirable to slightly lower the surfaces in the evaporating pond a to 
en~e that wind action will not result in movement of' brine over the 
marginal weirs with the consequent interference to the natural tur~o"er 
process8s0 Loss of brine will also be prevented this wayo 

.. Removal ot brine, from the bottom of the evaporating pond is a ttleana ot 
lowering the surface levels without disturbance of the top layerso 

Brine removal is required to feed the concentrating areas and the level 
lowering process ms-v be achieved by drawing ott brine tor this purposeo 

The drop in level in the eVapora.ting ponels will then continue through-
out the period of tine dayso An examination of available records (Reto4) 
ot tine d.a;r sequences indicates that the mean number of rainless days per 
month is about 18 and it would appear that the interval between dq. in 
which consequential rainfall occurs liea anywhere between 3 or 4 days up 
to 30 dayso This means that the evapora.tion in s.ny rainless period would 
be between 3 to 4 inches down to i inch or lasso 



' '''''". '" "" ',~: .;:!.j,fJ , !:~U'lE10) [~U.BgG~r'GI3 thE!.·~ tho best :,n~{\!le \~:r ~.lperc.t1an j.s tlb) raf:rain 
i\:1.J'.8 w:1J1J,ng neV1 B~~!9. Vra'i;o:c' unlil~an "'(,bJ~) Pt:~l:ld. l (~ 't"ol :Calls b01~f1 abou'(; -tbreo 
i~ ~~i {}:ho;] fl:~1:{l thf~ ,tD:;? fid! th.e ll.snr.ir.]r) 

I ,,' 

\~r~ \ ~ '. ' ~ 
uln:n:1 :r(!j(J~ip'~ ~lf a 'ft':Jl'$Caat 6d" EtU b~tD;ll 'ii:ial or censequant:lal ra1;.n the 

/ 
00 

lry"\:~l fl shou.ld. then be ad.;juatsd by pv-ssil.l8 new fJSa 'H~ter ~ver the evaperating 
f.~r~~uSl ~/u s'lrf'ace V'Glec!~ ti~,a profcI'6l.bly l"t®t exceecling ' ab(8ut 3 feet per 

'~, :; minute until the d.epth ft,r the Ilat,v SE;i,l t. we,ter reaohes a depth depending -on the 
ostim.a,ta 0'£ the atiiount and iJ().t>e~XH::i"ty ~;:f: th(j rain :fl'u;aqast; that is, if the 

~, threut ia for cy(~l(~nic {tis,,~uI"barH .. .;a with haa.VJ," ra~1n, ,to e, depth of 3 inchsBo 
' Fer lesser J:"oj~l?, geao light full 0, ~"l ~. 1noh or 1aas9 Ii inches_, would su:rt1cs':) 

'f Conaiaeration shi'uld alae be g1 ven 'to the pOBS! b11i ty oi- dra.ining brina 
from concentrating surfaoes back through the ccllecting system ts storage 
a.t the lower layers in the 8vaporat1slg pondso It w6uld apr>ear that such a 
syatsm wauld entail little effective haat 106s and weuld 38siat 1n adjuBt~ 
ment of -the levels in' the evaporati~~ areaso 

In tho event of rain~ the pOl1cl aurf'ac®s 'ah6uld b~ Vii thin an inch or " 
of: the vfsirso 

-
The effect of r(~i:n:rall w~uld thf1n be ·te pen.etrate and contaminate the 

11ew salt wat€ll"" and if c6ntinued and h9e.VY~ finally to evertep the weirso , 
Fiald denai-ty te8"~3 made dUling the rat.:nfnll period @r subsequent to the 
r8~nfall~ t~gether with aA~erience ~~n6d in ~peratlng the ponds~ weuld 
ind1cat~;) tIl€) extent and time to add ne~~'i SGa, \latero Preforab~y, ail sea g: 
v;ater a.dd! 'ti$ns wculd be carried But a't night er early morning hSl.;rs when ' 
surface d.is"cv..rba:rtce f:t''itm the win~lfj)uld/bt) least and loes of eVapej.'"at1ng t me 
w~uld. bo negligi bl~h It is antJcip~v,'ac1 iihut removal of the oontarninated 
aur-faca by displacement with frech Hva wator would ccnmrnencQ befero casaatien 

t. ' af re:h,fall a.t a "vime whan pr0d..i.cti~na are ft9r a cessat'".n et c@nsequent1&-t 
~.,'_~', .. ' rain Vii thin a~ut 2 t~ 3 heurso Tho p;~ltlda would then 00 ready te cetnrnenee 
, ueaft.11 6vap~j~atiiftn as S:iJen as f1"ne 'Flt;tl .. ~ha:r. bacem98 generalo 
~\ 

In eet1mati11g U118w',dable 1.38 of salt from brine 8lDlutions, only theBe 
lesses which are incurred from cancantratian.B greater than sea. wa.ter are 
accsuutable as lG~ao 

L9~se8 \v.111 occur in the f8110wing wayB;~ 

(1) IJ8as of brlna due to wind a(rf~ien, causing ' waves and p11~"ng 
of the br1::.ne ff.gai~~tt margi~ne..l we1~ao 

(2) Leaa &f brine due to di~l)laQemelllt ('Ipera.t1ons for the 
xaelmn7a,1 of rtlin diluted top 1~!,Y61'So 
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The fil"'st l~ss oan be ~Cln<tl'o11ed. ljY l®wariIlg top surface levels d.ul·i~ng 
eVltpol"uting parl@dso 

mh " 8-"''''::''''''' C:'. '-"'" 1 ..,.,.&] 1::t" t ~ 11 th b J. .... ti ~7~~.l .. a. I 1DZm (~ ! GSS 'iliA" 0.epan(1 a BTea v .. ea...:..1 ~n e e~quel"Ce OJ. 
r·a.1~net c;) raifJ enc~unterad a..l'lU thei}." fl--equency and the aldll exercised in fOl"'e-~ 
casting their intsl'lai tyo The skill axel-c! sed in tiroj:"ng and c0utl'0111ng the 
displacing fl~wa ef new salt water vdll slag be vital te lninimieing the l@Ds 
of briJ.'lfJo These skilla \v~,,~l be davelepad in the p:t'actlcal 8pera'ti®n (fll!' the 
PI"®COfJSeno 

As suming the best c~ndi tiona are :realiaed9 n® significant l~HJa f!if 
avap~re.t6d brine sh€tuld refJuJ.t fl"~m t~6 effec<ts ~f 1l10Vi11.g a new layer r::f 

", saa VIc-iter ~ver the bI·il1e surfcV;~9o As t3h~Ym in Tests l$) 2 81'1d 3> fyf: 
Appendix He n the intel"ft~ce betvfGSn the' naw sea water and the bl'i~no \'(111 be 
depressed aYld the Y>.cw sea water will f)n~~l.'~j.,n 801'00 of the salt from the 
brlne solutj~Qn but the depth of panetra:tia1n of bti."no into the new Bea 
water in not likely to exceed one incho 

L~SB ef brino \ili,ll~ howevel.', 0CCVXf if the ini tie.l overlay of nS1i1 sea 

wat~;r ia incl<iequate t~ prevent penatrat1"on of rai11fall t~ the b:r-i~ne inte~~ 
faoeo Rem~'\lJal of diluted. saa wate~ will then antsil removal ~f salt from 
tho ~~)nC6n.t,rated In,">!1noo 

To meet the needa $f 'the system prepcsed in ~ the feregfJing eacti 011S~ t he 
evap8I'ating area io tsntati vely aubdi v'ided in't. area.s net more than 200 fest 
in width for the full l'~ngth -r the pendo A oress section thrclgh the 
eVapera.t1ng pend as prop.sed w~uld be as shewn in Figo Io Each divisional 
embankment made er earth would centain a flum80 The flume in each 
alternate bank weulo. ba slightly higher than the flume in the neighbe1Jring 
embankment 0 The eleva.ted flumes w~uld be used to ' feed new sal, t water te 
the ponds by allowing the water to f)l~w laterally fNm the flume ol~~ 1 ts 
length t~ the pond aurraceso ' 

\ 

The lewar alternate flumes wsuld be used t. drain diluted sea water 
frem the area after re.1nfallo Each oi' the flumes aheuld be carefully (let 
t. grade by adjustment of lovels during the initial stages of ®parat1$n t~ 
ebts.in unif@rm depth spillago a1011g the length ef the flumac trhe ~ri,, ('nt= 
atiG.ul ·@f the flume sys'~am should 1::£1 a.,::~angGd l:i$) t hat the d1:{"eoti rtn. ~f "~h{1 
prevailing winds in the l~~ali ty lies apPNximatoly a.t l'ight angloat,o the 
directi0n 3f the flu~s8o 

, 
Tho brine drainage ~'ld har..d.l1ng system could be generally alon.g the 

lines suggested by Messrso P 4' and ' HI) Penny wi th the following (!xcsptiol'lo 



, '>' 

~: 
80 

It is suggested that . the conce'ntj,~at:h'lg al:ea~ be elevated to appl~oximately 
the ~¥aporat1ng pond surfaca level and that they be fed during normal wQrk~ 
ing operationa by pumpingo 

In -~h9 event of a threat of l"'a:ji~ni brine from -the conoentrating areas 
may tbe~ l)e ei thel' 

(1) pumped to temporary storage tanks, 

(2) if advantageous after an (1:lctensivo period of dry weathsr, 
drained back to the undersida of the ~vaporating ponds 
t~ effect adjustment of l~vele as far as the capacity of 
the concentrating areas parmitso 

This system will have an added advantage that conservation of COft? 

eGntratcd brine will still be possible in tha event ot failure of 
electricity supply at the critical period before the arrival of a stormo 

CO~!'Clj~'SIO~~'S -= - -. . ... 

The answers to the points raised in Po and Ro ' Pennyl1 s letter ot 28th 
March 1960 (Appendix A) taken in order are as follows3~ 

(1) Removal oft rainwater fram the surface of brine solution 
in an evaporating pond by simple drainage processes does 
It,ot appear practlcableo 

(2) Vertical baffles are 1nerfect~ve in the prevention of the 
mixing of brine and fl'cah water streamBo . 

~3) Mixing of rain water and saltwater oocUrs on' impact of a 
raindrop upon a salt 'water surface, tb6 depth of penetration 
depending on the drop size and the velocity of the dropo 

(4) The design of a simple decanting system is apnarently 
not feasib180 On the other hand9 a system of operation 
can be dewised to effect removal of ra1nwatero The system 
described in Section 2 of this report . depends upon the 
displacement of sea water dlluted by rainwater with 
additional sea water pt~ped i~ at the termination of a 
rain stOrrDo 

The percentage of fresh water remowad in this way in Test No o 5 or 
Appendix t~ID\fl iQ 13 per cantol If I 

Tho test was ~onduoted with the salt water in contact with a lower 
801id boundaryo '. In the e\~'{lporation pend an int.erface will make tho 
bounda17 between the new salt wat~r and the brine and the question as to 
whether the per~.,ntage ot 13 per cent f:or effective removal of rainfall ~ 
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~,G/~iCl~ itoeonxch JJgbOl~<ltGr;y-~ 

The l311i"versi t;r o f He'';;'; SOl1'~h 
H",UU .• Y V J.~I.:s 0 

f.,-"'''.r~~:1'!.:':&-:f..-:::t. •• '''!J':':'-~::':~~~ 

39 Msl,l1n1n£~ Hdo ~ 
.DOUln~2 nA.Y" 

COI;1fi:c1f&nc our X"ocen.1,; d)'fJ(;u~sions with you and· 
J5..ro !kditr.n:3Jloy~ we \{vuld 1J.k.,~ y~)n to Cf),,-r'Y.'Y ou,~ the following 
(}x'fierin~trnt 8 on OUl."" hehalf 0 

TG)st -:;h9 possl1lili ty of J~UJlrdil'i.G wat~r (~ainJ f1:om 
the stn:fac0 of e. 1n"'tno ~ol'U~(jion byws:tr effecrto 

,!:(1f.·rt t11B possi 1}ili ~t;r f..1 f hold~,ng the l):rina aclv .. tion 
il1i:;~~ ·t by f:1~an.!3 o:c lxdff10GI~ SeJ -i;W3,t "the W1.hndnge £!.r..u 

wave effoct i f~ minim:!. 8 8d.o 

ObtaiJ.X). @,1Y :i.n.fc:r.ma"'Gion you. ma,Y neE-jd. from yom" 
HydrcgJ.?apmc Dcypt.o 

On the fin(:ings f!~m 1 D . .nd 2 what ",'d,11 be the 
.. ]ja~,~~~~:n~_9.! t~ 1\n..['rl0£L[~~, ··(h~·~0T:-Z~- · -?A\{) f-to-··~~;t . .J;:O'Jo-. 

f~G~ ~li1,d Y!h~t wiII 110 -1ihc~ rr1~~iumm distance thn:t ·t;hs· 
;r!~osh water ':!il1 slio.e C\r0:t' the boring in ?,p"')ro~ 

I···· 

{s) 20at the errec~f; cf raJ~n by rnov..ns ol a fj~rink1.er system 
i.iO ascGl"~Ga1;,ll the dc:)"1ih Lf psnotratis:1.1 cf the I;la;",n 
drcps Ul1ct the eX'~ojr~ c f the mi~~:blg effect CI"Ga"'1I0d 
by the volooi:.ty of ·the fGJ~lo 

(6) Fl."'om the conclusioruiJ of 1® 2, 3 and ' 4~ is i tpo'~'H3ibl(:! 
to dee·j,en a lftrg'r';3 zc{~le d0=can~;ing alTa..Ylgemn!lt .t~o 
c~)ol"'ate with l?J'l afficieJ:1(::y of anpr0nme,tGly 15 l)er CG1Tto 



C~G., Cc>ulter 

C:ncc~.;]~n~;'J :i'v~""yeo.l· ;.; i~~~rmf3 ha'\fO been X' i;.)ll"iied ,·throueh 20D :f'~o 

lC21f5th of h13I':tz0utal stJ.'ip eno f"IDDt thi do ~f an ovap~)J:-~7.ti~f1 pane 
PtBek: (:JU.t,f~i~oW e}iochv.rge ),S esti~m~j.:tGa~ [\:':.: OoD07'5 CJ.se~H3 when tlu:; 
bJ)}}t;h at D1 11 f-n"efrt :~s Oc Ol.3 ft r( ;]lj. r:~"f·l~/ m'2;):re " -(;1[1io"';1, 1/3Ef

) e~:C~~ t~.!.'~; 
V ~;:\ (; , <;. ;~y 1\, CU.'G L ~;,, ) i::; 0 0 (; ( \/0.8(; ') Th/) ,.~tc Icm pr(; 'LucrLnr; 'the grc;,:,j"~e8t 
clrti'JL c'", l. l,te ia titi' 40 minutes clurni:·it)l1 h.~tvLng an aver"age :J,ntf.nHJi ty 
f)f 2()4 :1/b~f~'o 
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~the 0nc{:}=-1k.n~",fi V'::;c--"~"(;;Et;r r('lj~ntgl1 n havo 1j\~6n campu·tod. for thco; 
1\n7t Sii ~Y~f~l'lS U .. :I'G2., 'by -tho .(Iv,tn t.J ~J'~n :i::1 ·f.Jh.e I;t;tz'Et1; Ih~i]!8r1; of thE"; 
S·t()~~:)jr~r;:l"~eIOt 8~GB;n.rlt11}d~] (~ ~-:~fif~-;~f~ ·;;·t:~J{} {J f · ·~11.{~ ~( A1 Er~:i~ "~ll~tj~o11 of .En[s:i!10~il·G.~ 
{ ., 'I" ro .,. ~! .... ~._ ~.), .• S":)7: .. , 
.,. ,Lv.':J"JO J '.. _ 

I;D,1:1 c~ -y 
... - ".;' I' -~' . ~ Yo _ 

2 ~S6 q 1 /jn: 
'il ,-., ..... to, 
.i~ () " j. "'j .n)." 

,;P. h~' v'v ' " 4.1.,; :-" ;; (:""~ ~:h1~ 

:( not 'th,:; fl1.1 ~L wi til 

!~."" ( 

~,J ~~ .'" -: 

... ~tl .... ~ (~/ 

1,,1 c.! "' ,. ·.)i~~igi~);jt <I';;: 1,"fisf;0E~~ ij~l 

~r ; :~ ~ ~-~ :J. ~lf:· ~~ ti Ci .r :~·:l 

;/ .;.; ~]" ; ~.];1 ~ ,~;·1·1 (::JI ~i:>]~ f.t.~:r 

"-~i" !:;J!(J ~~~:t :[':i":c ; .. tC::· f~JJ-~~ 0:f~ "·t1'?~· .. ;~~:f."~ 

ij:l!o J~()·~1 \~1.":i (lj.f~ ::;11~·~J?t;~3 l)j~>l ~:):f~il(;~J r~01")($ clz'et\n1 il1 lj~T 0Yi) i_'j~l ![~l:1 1;1¥:CJ' 
Clt)[~p1~l .. tf:!d l)r®fi~lG ~~rl(1. C~)i:~p'll~~a~i;,~ ~~1"1 0f ~jhc \~a"~ie:(~ {10k~til t~ t ·~tlO r~i~~JLl_, () 
~lht1 l'tilatiol'l l)et'ITeen dicol:u.1:rgf) c.nel. ' d.f.rp~~h of W[(toX' r.d; ·f.· ho nil1 :};,0 

\ 
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v01ume of wat'8I' in ;jt.@:r~',.ge :eOl'" -1,;h8 d.iff'e:;';'Gnt pr@fil(~H3 ~:7gS 

t:~nd Jijhe gl--gph IZJf " I'0)'Uti11g flH<];\J'l~:f,t~Q,l {~~~ + 0) 2,g~:~inst dim:~hc:.X·g0 
l}:~~erit~~tl·t:;{l 0 

'~~ho ·fic:=l1cux~~ l"-",,h(;':tn.-- O,nc1 4(') D.1illntOt} d~.J.rt;tt:i.{n1. Bt~'l;;,ms Y;~Jr~'9 r(;rU:~jed 
thrmJ.gh the trtl'iyo The reJlf~~~1;'Gn bDty:ce~l storm du:r:a,t,j\,011. [)J1d :peak \Gut,:·" 
flcrV' in sho\vn, en Figo 4z vl~:--tich i!1.dic{),t:~H3 the greatos.lti 0utflGiYf is 
canned l)~y" e Ert6J:ITl of 45 Et.h1trtarJ ilu;,:'[r~i~m;'> wh~n "the p0~Jr;: ou:i;fl~'&'~rv ~,?in,:~· 
cha,:r¢g\; is 0 0 0015 CUt:10CS 2.J1.d. -tlJ.e (top-tIl ~1f wmteI" at the ~ii',.11 is Oc.013 :i:to 
(00 15 j~n,che~):, 

Th~j80 1:;081..11 t6 rm .. l~r~ be t8kE311 D,6 aryp:-c~nr1mai.6~~ enlyo Th~~ 0ff6~.t ~:t 
sur:f'(1~o tef{ij,eion. 6:r:re(r~s v/G thf) 8il1~ y'(1.c~l~Jlt1lvedl, apil1t~'~~Y~ the (~:2:f:'ec,r~ 

of wind in bl~)\7J~ng -th0 watex' a.~r@f}3 't;ho }'H31,n ,9.,nd "Gh() mc:nnenttRm of l'~d,n=> 
dr©ps f2~lli~n,g e't; [;l~n a:rilglo te tho VOl,~tj.Qal~ ·the af;;G1Jmption :tJf a B01id. 

' OOln1(l~1:r.y G.t '~ho inte:r~f{:;,(~o ~; thrJ: i);p~.:l;lGr;1t~,O~'1 of d;l,nch.m::§;\~ fnmilin,/;· -~{:) 

auch i1\',~p)11 depths GV0l' th(~ c:r()s'~ ull ;i~l'rt:.:~odl~ce 1.~vl~nt:H;Jr18 i;hCl.t cZi.l·nlf.r~ 

be e'1;aluatGt~<:, 
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APPgDIX ,~ro 

Laberat';'17 Investigation of the Depth cf pen~~;'t1en 
and Mixing sf Raindreps Falling int. SeaWator~ 

~ • ;- ,> ;, .~ 't: .. 

Repert b.y:DoTo Hewell 
. Date I 13th A-,ril 1960 

10 Introductien 
f ....... ~~ • • ~: 

• , , 1 ,~ , ' 

When raindrops fall intQ sea. wa.ter, there is' mixlngbetween the' 
sea water and the r~1n water t& a depth which 'ms.v' bee~cted ta 
depend in a~me wa:s upen the size .~ the dropso RaindNli ;'s:!.zes va:ry' 
in diameter between a 1i ttle less than 1 millimetre t. a little mere 
than 4 millimetre So, The larger dr0ps fall with a much greater 
terminal velocity than the smaller drape. 

• , " ,c" ', f: , 

Experiments were cenducted t. Qbta1n some 1nd1catien fit ,the .. 
depth of penetratien and mi,x1ng ef raind.reps,: .t different e1ze~o 

20 !lethed "f ' <t' 

" , ,, ." 
)~ .~. ( 

'" 

Tn experiments were cenducted with cireps ot 4mm and 206 DID 

diameter drepped fNm a height of 10 feet into a tank -taea water 
-:.-.{'l'.-f'. 

et specific gravity le02)o ~, ' 

In btth cases the dreps were termedtrem fro~ water dyed W1th ' \ 
. red inko The dNps were preduced under a small -statio head. hem a '. 
reserv.1r .t dyed water threugh a drawn glass tube fer, the larser ' 
dreps and a hypedermic needle fer the smaller drePBo' III each case ' 
a jet was rermed whioh broke up 1nt. dreps etvery,Jl,earll' UDiferm 
a1zeo ,.; " 1. " 

The dr.ps er 4 DID diameter were obtained bY . :~~~l ·:· c.mpaii.seD >, :z;, 

with the dreps rrem an already calibrated infiltremeter 'nezzl,e eperat.­
:i.ng under a pressure ef' 35 pounds per square lnch~ ' > '!'he unknewn " 
velocity .r the drops f'rom this nozzle prevented ,its direct US80 , 

The end t;f a tapered glass tube was cut until dr.pa ef theS8Dl8 eize 
were • btainedo ' J' ' " ' 

, Ifoe , ~, , ' ' , . ",,: . ' 

The size af the smaller drops (206 DID diameter) was '''.btained. b7 ., 
we1gh1ngo " ' . : ., ., I 

;~" ,: ' " " J':i: , " "C" ' 

In each Case a stream er dNps was all-wed ',~' tet tall; t.r 15 . sec.nds 
tNm a 10 feet height inte a perspex tankc.ntainlng se",water'; .. " . The , ' 
penetration of the drops as indicated by the t.rmat~'D ' .t-' ',a 'layer et! 
dyed water was ebaervedo , . . , 



30 Exper'"menta,l Results 

The 4 nun dNPS , were observed t. f'~rm a · layer. '~·~:r:tciyid w~,ter2-1 
inohes thiclco The " 2 0 6 mm drops produced a"layer'li incpe,sthicko 

40 Calcul8,ti ons 
~--.:u ~ 

In ooth these experiments the dNps felltr.m a "' he1ght wb~ch tid' 
not allow their full terminal velocity te be a.tta1nedo " . ~ .. ·Ra1ndnps • ., 
the same kinetic energies as in the experimentaw111; ~ve ' smaller " 
diameters 0 

\Vhen c0rrectiens are made it is fGund that thaexperimantal dreps 
are equivalent: t. r~ndl:'sps of 303 rom and 204, DUDo" , 

50 C~ncluBiGn8 

The experiments shewed tha.t raindreps -r!' 3.3 mm fil,ild2o:4 mm 
. dia.meter falling vertically will hav" depths .t I;OiXing ft~ ap Irex1ma.tely 
1-1 inches and 28- inches rospectivelyo The ' most :c.mrnonlY<~ ,courr1ng 
raindl'6pa s1z8 (ap:proximately 105 rum) will then havo a depth of , mixing' 
.r approximately ene inoho :: · . . 

C20 



APPENDIX ''D'' =- =--==-

A Study cf Drainage and Displacement Techniques 
:f@r the RGmsval @:fRa1nwater !rem Brine Pends6 i 

Rep@rt by: 
Da.te: 

Int~duct1~n 

RoT o Hatteraley 
.13th April 19600 

As part flJf a preliminary pregramme .f reBea.rch :~ int. the 
develepment er a cemmerc1al precess fer solar evap,rat1.n ~.t , s8a 
water t. produce sal tj this study is designedt&investigate:}' the 
fl." behavicHll' er a stream .r fresh water or near ,freshwater ever 
a layer ef salt water and te establish the extent.I:etintermixing '~. ' ~ 
.r the salt B~luti.n with the fresh water with and 'witheut 'transverse';' 
batrleso 

.Gensral Descriptien ef 'the FlQW ~f Fresh 2nd Salt . Streams '. 

The msvement @f fresh water ever the i top .t sea. wa1e~"' has been 
n.ted by previeus ebservers and . it is knewn that a; def'inedline .t 
demarcatien between an 0verlying stream .r fresh.,l1ater will, p~rsist><· 
tor a canaiderable timeo It is aleQ known that turbt.tlencewithin· 
the tl6)w will assist an interchange of salt water:,8cNSS the bGundal7 
.f the ceunterflew1Dg streams but tha. extent of . the interChange and i ' 

the stability ef the depth of the respective tl.ws ~' w1tb variat1en in 
time apparently has not been publishedo .~;, . " 

The ' mevement .r a fresh water stream ever a , s.u. t wate~ ' l"'er 
cODl!lenly eccurs when the fresh water stream news ·under th8action 
.'1 gravity to an t9utlet with free .verfall as in 'the case .tan 
everflew weiro Of particular interest in this instance, is the · 
sugges~n that rainfall depaa1 tien on the surface" et an evaperat1ng 
pend may be rem~ved by gravity flewo It is then ebvious tha.t the 

. m.vement ~f the water sh@uld be centrGlled if pessi ble t. minimise 
the minng er the :fresh water with the salt water and tor ·' thispur­
pese it might be suppesed that' system of barnes '~ assist 1n 
inhibiting the mixing operatien by limiting the 1nfluenc,' ef the 
'fresh water stream and by alS8 cenfining the saltwater between 
statienary barr1erso 



'rG teet the s£ficQ.c-y ~f such a pr~c$a~ : tWO 1V'ertical :~'bl\ffles " :were: ' " 
IlI'ranged threo f00'~ 'al)art in a h~riz~l1tsJ. ' fi~e" 2 ,: '~:reet{\videfitted ' with 
an ~bBaj,~,tiG.ln mnd~v'o 'fhe tmtal l Gngth €If the '. f1.t.im8j "26:'feet9 lett" ;' ,' 
N~m f'fJr an appr®ach l~ngth and 8. dc!>wnstreamdi aper~ ,; l '(U1gth each 
aooui 8 feeto Th~ mighte1: the baffles n 's arranged :at121! and ' the , 
top edges were carefully levellodo 

The apace between the two baffles was filled 1n1t1·allyti . a ·,·, 
depth ef 12 inohes wi th saltwater aud the appreach 'and d1'spea81 
regi@na with fresh watero " 

A stream of fresh water was introduoed a.te> s'teadyl~t8 'into ; 'the :,~ 
approach length through a stilling ba.ff'~~.J over 'thetop',o:f,.thecentral " 
·baffles and flowed at a controlled depth onto · the~urraoe · ot theealt · 
wa.t·~ro ': " ' ,'.' ", :i'''';' ,.."\! 

\;.J . ' .. - . ' .~ 
_ ... . .1. 

" ' . , •• .t. ','" '~ . , " ', .•.. , "-

The .time sf C9mmencement ()i the @perat1on :wasn"t·ecl·, :~~ ·the 
pesltiGn Gf the interrace between the salt water and ',the"" t.resh wae 
f)bserved at succeeding intervals .r timeo 

Density cha.nges in the depth efthe water were uade 'fVisible bY 
the use et "Pycnes~undtt Fleats identifiable by colour band~, .• bs.erved i ' 

threugh the observation wind.wo The Pyones.und Fleats :arepalibrated 
t. floa.t at set values of liquid den:31. ty and gi veby ' the',relat1 ve · 
positien .. r the neat heads the o.ppreximate density .r the ::water ~ 
immediately be10w the neat he ado ' ' , 

Mevement at the water stream W88 traced' bi :flu.reSoe1n 'aye 
injectiono 

Tabulated results of these observations 'are : ~.wn, . in" attacbment8 ' 
pages (Dll-lt· and referred t& aa Tests 1, 2, 3anq.:, 40 " , 

A further test waa c.nducted with ne baffles tn 'the': f\ill;, . .1ength ' 
er flume c@mmencing with a depth of saltwater .at 306 -1ncheso:' '' ' 'l'he 
fresh water was fed into ~he flume in this ~nBtance~.wn$ sme.thbe~rd 
eloped at ], vertl.cal t. 42 herizenta.1o This .teu~tis re:ferred ·t~ , as 

Test N •• 4o ... ... . ';. . •. ·"/;.Fi ji;t>~~~ "' .. 
. In all feur tests ths· surface volec1 ti~Jl were ;l .'bservedr~by t1~ng .' ' 

, a Pyeneeeund Fleat (appreximatelyl inch 1.ng)ra~ed<at ~,:relat1vedens1t7 
1 0 000 as it m8ved over a length .f 3 teet near·' the'" surfaceo . ; ~.' r ;.,,,,, ' ::' , 

, ' " . I. • ... ' ',W '. ' .~~. '.. . . ;-<' ".. . . j 

A fifth test was car.ried eut Witheutbaffle's i,te ,jdetermlnethe mev"': ' 
ment of a ,stream ef, salt wat~r bareat~ a~ye:r .·.t~,': 'f'reab ,at~»o /" " :. ,:: 

:'t- I r " ···· ' :,1 : .. . -", r ~;~ .. .,.: .\" :.~ .. • 
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· ·~ r 

':t~, t:rcJ, ti,i,i), , t'o'i;:d~ rnn fe, I~< ' ~~;l1:~ p:n~:; , '.!.-' ;'::, ; 1,3:{ r!\~(tl:¥"te;iti·w~ '6 i~S:~~V'~;:~}T {nil 
. ~: f -;':;h?} ~;l:v' ;!1.qw}nx.:. t~3:<;, :: ;.'r:;1 t;ha"'t,; 2.:, t~,~ :r'bn ::;" ~~:~l.it: :,tt<) eh V;f~;t.{jr ' a'ij,J~'~av:l , <ri,,1i;.;';kt~r 
G 7ti;~.rj{~c~, ip, d:1lrtfh :Ln <1Jhc f~~, l·fS1~ f C7J ~\~~L ~·t :rbG; r~ q~f t ha :nID"J:r:. . Jet (~@:rr~i;u.t-le!~·' 
~>:~J Gxt(~';:J i :]:.t a u.j;.mi~(~i~bi~ng I"fttt1 untid, 'tho f':1"~:slh l~ate:r' ta ',:aal t 'wa.!J\1k· 

J~n.te1.;.i:[~c. £'J l'&tL~~he{l a" re' .. ~ti:\fl~ly er~.9,·bl~; .~JHd;ti(J ;'lo .,' :: Th~ .. fl~ru ,®±· ::~~1.·\)fJh ~. ,,: ' 
w~'atel' ',-;lS,\3 'thon lGt3.t 0ff t~,n.d t1'1(;) water in the fluIDeYlafolJ..e; .. t "~aD ' f:rtand "; . .. , 
ft!)l" 0, 'peried 0i" 16 h0ul"adu:ring vihi~h ·tlmathe l(~vel '~as 11,@ware{1 lJY '~" . 
llfJaJ.::e:,[,fc} abJi~u.n~ J il1~h6l~o The in:tel~£o.c.~J remtl.iKl~H:l :r ..... dlDi.t~.vely undistuI'b-ed~. . . , tf:i 

1.1h~ ,,~~:tent of tbf; :Ln:t~e:t'fac6 we.,s thr:11fll ~)he'~Gg2:LmheJd and is ah~tJ'm in - ' 
121s:t;~: ! . ll~ which 'the p.~[d ti@1'ls of" ' 'the·' Py,g;ru~a',Jirnc1 'Fl$a'ts:; U:l'Gcleax"ly 

, . ' . . .' r, '.: ~ '< ",'.,ot :/ It~ . ' .. '. " .' .f' - ,. 

~eht~ fl~)atu l~~mge in cali bA;"a~ti;J)n :f':!'s~m x'c'}lati va; ' c1ene.i:~Y l '~\025 "'t\9 " 
l:) 00; 1~n Q,PPz'e;.Kirne,tely equal stepso ' 'l~b.e ' black ' fleaifa ~ t : ,the stll::f~c~, ' '[ {:~ 
gl'e xe.ted a:t re)lf.E.ti va (101).s1 ty 10000 0 The 1m tial :d:ensi ty "f\."~he SIBS,' 

'ff!l"ltf}:\' used lay l~:et\,iaen 10300 and lo025(~ It will ·be' seen ' that bal~w . . 
the intsrff:.cc a c®:ns1del'1&,bl~i) d<:fOth @f iSfJil wate~ , b.tis:' r6mained , 1illndiratm'~d~ " 
AC®'Vt' ·th~ interfaoe &. lv,yer @f £J .. ~~h wa,~rr has , ~~~~late" r-'a.~y , · ti~ss ·~~", 
th(~ ~ .. ~pth of tho pa.ssing :fl(i:riat thf1 6urfa©~o : i :' , .. !.:, T:. . <;;' 

-;!l 
,~ ;:.'.'~ .i' 

Ft811~wing the.- initial test~ '~e~rts 'nrtmbe~ed2,1 w~l~e cenc)~u6ted 
ullClsr ste.eily flc>w' 'o'®ndi ti®nso , Tes~; N®o 2' w;3:G;; t,~~en "stl@w :au\"facG 
a'vel-age vedl,f)ci ty @t 00 022 feet per s~cendand Teet I~@o3 at OolL9 feet 
per f36~{jndo Fle~w in "'Ghi s case was ial~llUlento " ",' ' 

'- " >$ 

: (' ::....~~ 

iJ?he general pattern €,f l~~}ati ve mt)\,;70me~'1'~;; ~fth~<j~f~(il!l:!da dU±'iilg' 
Ta3ts 2~ 3) and 4 are ah~wn in Figol~. 'I'he l~alat~\ve P(\Hl1t1~n9 ed? the 
~,nter.ra.©e dur11~g 'the t ,esta are Elhe~11 inPla~t~a .~I "and XII .') 

~ . r,; .. . 

p ' .j> 

... " ~ 

~ . .:... 

. :}F ··· E.s"'J, t4~""'~d ., . ~! .y~~·.!rv ;~~~? ·~ ·;"6;t ·' :fj~!' '',: . 
. ;,,', i l>t_T .... ~ .... O .... ~" ". ""~l"' \ " . 
.... ~F. • ~. ,:: ... c, .v. . . .: ' . 4 .~, 

<,~w, ;- ,} 
' ~ . J)E.~1'~ >}.' , ... ~q!.~t>I ... ~ 

,;wt~:~ : .; :t.,,,,l!, 

• • < •• ~~~; !''' , i - ' 'f ~~ • . 

, 1l.""'IiL~SE·;'; CU~q. ... ",.,. 
. tl\6 ;~ _ ~t..l'TE..Q,~~C:E. 

~\ .. ':; " ~~~ . ~ ..•. : ~ . .. . : ,: . .. ~,~ -: ", 

" ... ...: -:' , 

;~ . . :~ . , ... . _i'~~ • .. ...!.......:, • • ,,--.,,~~. , ~:.. "" -i:...1' ~."'-,--~ .. ~:> f~., ' t~G~,O......:..· . ~_. E.....:.:....· :···:~.~?; ; 'N~. ,.o-":"::' ~'-'-'...·~)~>~;;l:"-~<':':,-""' '''';'?~,:" .'c"; 
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. ,~, rJ D40 
The surface mean vel@ci ty er the fl--eeh' water Btr~~ " "a.8 f@und te be 

indepondent @f the depth to the interface and remained censtant in each 
testo " , , ' " , 

' ~:" ~" f :, 

The interface was "bserved t. have a slight~acU,4.¥~~nsl the ,,, 
directif)n ~f fresh water f10w and within theiritertace aravers&. creeping 
current was neted (traced by acdimentpart101ea allddye) m.V1ngdoWJl the 
gradient 0 The surface @f the interface readily 'defleoted].ight rays , 
incident beneath the fac00 Waves 8r wave lengthapp~sx1m&t~lY fG'Jur <',;:;; : " 

inche&i and (fit amplituda 1/4 inch te 3/8 inch were neted,::'wpen', the me~;''':''. 
surface velGci ty was 0019 feet per secend~ , , r ,~ ;/~~., )~';y: , ' ::' ,,;;' 

The ra.te .:r increase in depth ar the 8verly1~ ' fre~, , ';~ter' ie sh@vrit 
by ourves in Figure 2 which aloo indicate that , the depth , ,'.t ~;depress1.n , .. · 
cer the interface is relate(l~ t. the time of flew ~4.:" t.~Y~:the,t,:~ean eurta:ce '" 
velcoi tyo ' . i ' , ' " ,' ' ", "" ;~ :"':;'}~; ," ')' 

Salt water is apparel'ltly bled fr@m the 1ntertace£~' ~ ~l; 81~w stead:i~ 
ma.nner wi th~ut max'ked disturbance efthe density gradif>nt < in ,' the inte1'= ' 
face and is carried upward against upstream. baffle where it is carried 
aw,ay at l~w ooncentrati®nin the 6urf'acs ,fiewoPlates2' aQd ) 'shmw the 
p(tsiti~nB f!)f Py©nssIDund Fl@ata ma:rlt~\'ng "l.ihe intertac,," "ooundarles after,.;;'; '; 
peri@da eJf 1/2 h6ur and. 1 h€)ur in Teata 2 and 3 respect:!. velyo " 

T'ne rate ef bleeding ef the saltwater i?em the ', interface appears 
t~ depend 0n the velocity gradient Qf the fresh watorstream near the 
salt we .. ter interfe.ceo As the depth ef fresh wa;~e:r1ncreaees~ the 
velec'" ty gradient in this regien diminishes ~~d the depth ef fresh water 
@verlying the salt tends t~wards a c~nstant v~lueo ' , 

,+ 
' { 

The effectef the eddy f6rmed in the zane er separat1en near the 
baf'rla alS8 assists .JGhe mixing @f the bled salt wa.ter wi ththe 'fi'eeh 
wa. ter passing 0verheado '; " 

Cenclua1en 

A distinct difference between the rate '.r increas~ in 'depth" .rr 
the interface was shown t@ 0ccur between the Case tGr , laminar fle. and 
the.t fer turbulent flGVf~ the lattsr being the greatero"' , This test ' 
sh.wed that the use af vertical baffles t. prevent the · surface fresh 
water mixing with the underlying eal t water was, ineftecti Yeo ' ", ' . 

' ~,', . "."".'''',, ';~~' ,,' 
Test 11.04 c::> Further Test .r Minn@; Q)f Surface F1Gw f' w.fth iI~ 'Baffles ";:. 

<" . >.1:. ' \~'\ \ ..... ,'~. ~/~ ' .' 

In an attempt t. eliminate the etfect$t"thevertical baffle ' il 
preduc1ng an eddy a further teat was c8nductet\ with a, sl.p1rig" inlet :- ~ 
ramp at 4:'} hctr:1zental tG 1 vertical (Saa Figo ,-llo:;: i'The1ltt1al clepth l~ 
in the flume was 306 inches ef salt water antl· the etf~~tivelength"f ' 

. ;. :'-: .. ;~' ;\:\::;.~~~" ",'. ? - .~~:.:. . 

;;~;k» 

. .:~ 
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':Ctd.Dd eon \"ally \:d~r(jh "tl}JY rJ~·.t~~rjl :b:~ :0!i g c. 2 :f~: a n.u;fa~ J 

:i{9(yb }~()r." ('t~~Q:?~gJ{l E!.~L~~~~~l.(;Y? .!~2.J. 1~~~.~f:! sl~ · .;.E·,9.;~6 ~:f ;·j~~(~,,- ·: ;~-'G,.~J irr~ . 
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~_ '. ,:;:,, ':~!1;_:1:~~~:~S"~!;. ! ,' w 

, "'. ~t:~f!;" . ' {'; ""! '" ,;i 'l' 
In th, S te~y'G ,.I!ihc increased length in t £·,3~h8.nneJL e~t.~'pded '~~~.,~ ' ,»";:., 

'r ' 0; tC~; ', :en ' ~g (:H?.I(fabl:i,. r' l1 nearly ff!;ead.:r (,}{Hld:~i;iGns af :fJl,®~~,~,:~nd t :uo depth :' 
lL ~:d ( ,: ~~p:p; , ,:C :l~-'~; ~iOY.1J;) c. f ::'D1J-rJi11g ~'jc')..~~; gX't~ &,~~:i;CI) ";;h,:,:ln '07'10 ge.;;:.3;.:'Wi '~h t'f~!ffl~3' 
1\~,':,; 1 ;~v5th (:sf :L ~ ·bOl·l:~;~~C1:y· ·~h3.nn.01 if] ciue; , !S']:lC:)l·'teE ,;hro1 the 18ng~Jl of 
run ol tb.o 'Il,m.tel" £rem -"Gh~~ furthee't P@l:ut of ·t~~ @v(lp~ra:t~ng t;penct· !t ~t,. , 

, . . .:. ". '" .... :", ' .. -' . '(;.lJ· - .. ~ .. }: . .' I_"~H'~·.~ ~ ' i 

the weil" ~vel·fa.ll 0 , On the o·ther hand 9 the rat~" ~~~,., w~c~~,~h~?J'~~~f,;~;' 
,m®vcs from ~he sU:F. .. tace , of ~he evap~rat~~ng p~nd "~~l_, dep~ll~ ~:~ )tJ:;~ : ~a~ 
d$1,"~1~ rrr?:t:ve 190 tl:::.B W'e1~o f):he v~l©ci t,y :~"emot6 from the w~;1~ ;~ln. ~e~<; 
::,,,,t! ~ : '~: m; 171m,' ~~'ir~; ·th~":;@re 1,1') sm31 ;- . ~~',;, :~'c~~~T!D~();D ~~~: ~)j[[(\! 1~ " 



,)" 

, .~ 

.. ", !.i . ; " .: 

5~ :.'! tl:<J OJ.~11;;D l· :( ~i~,i:n$ p{ifnl~~,r.\ bit cl~fk)l." ' !c{~ the wG::\~a ~~ta.tten1:R~tt:d :~r~m'~~·'Q.j~ ~f. '?"Y; , 

ft:' t "I ' ~ I?'" ~ ;,'-::" ; "; ~. ~ i : .,-.,~~~. " - { a ' ,.~, ,+~" ~;-'c. : .. " ,.~'~~' .. f';.-.: .... ..r.. ..... "fr,~ •• ~ t " . o:.~ ~ '~ .~ 41 ", .., ., .; ... ... ,: ' .~:; ., ...,. ~ .. ~~ : ~., ' ~;. ~~< :fl.'-:-i.1. . ,~ ;., . ~~" ~~ ;,, :: "' : ~·l·~ · ": · ' . . .,.': ...... ~~.~ .~ ' 
~1·;,. ."~'b ~'.-.. , i."'.:; "'S ~ ;·' ~f ,;.j~ f=i \1~",. • ..... ~. ~.;. :~ ... ~".; 'On.." "":~;IJ. ,a. I:; ... 1i, ';""1\-"_'J.~~ ',.'1;( ~,., ,~?,~.J !?ew :,a , .~~,£tJ.~'OJ3 ~. t,&~.P14l;' ~~,~ -4& ... . 

,r. :iV,j (m ~2 'i?:;~<tn;;~8,t d(i2t:a~t np~~;;.x~is ., C'f 3 <tr· Q.h{1B '~'~f~: th~ ;·,t~~;'~r?~:~~~w;fr.~1.~ 
t<! el~:·-:--$(-~&~:. 15 mi.tr\J. "~¥;;i;;~ , . , l' 

,,> ,.'4-' 

.T~~~-~·t,:t~:= Xnf'~l~~:;;~a~ S~s.,-.lV(;tter, :S.:3ilea~tJl.. s· L~~7er ef. · Fr~Sb c'::~~~fjr 
'. . .' •..... . . .-=o-~~~)~;;;~ , ~.:.; ~ .".:;: . ; :. ' :.; ~ 

FA-01;.l the ~~nclu3iollB . of Tests 1 t~. 4;,c; ~t ; ' i .a " saen., t:hat : , ';remowalp:f,; ·:'~ 
r~y{a:c1yiug fresh rain v;ra.ter by simple dl'alllag9i; P~Q9~s~e,;s ij~\ur4ik6J3 . to " 

. ~l ~~ "¥le~y ai"fec1;ive meane of rehab:tlid"aibing ' the <ewa~rating " ;pcnd ' sU:rfac$e,:1 
. .' '" " . . . \ '.'. . .' 

,~r~~F'J:; II. , .; i. "'t ," 

T~1R;';$ IIo., 5 v'las c~ln(lnot;ed t®~V'a.iunte . ; tb~: Pil2e;.:bi~;l,tY: ~f; in~\e~pe~i~~i' 
n wt1"'(-}r..+::1· 0)£" S11f.~ wato}} G'Wer: eV8.p0x-ated. J;rltlft " ~hUB ' &1 gploo1ng ·. ~d\~iitift:ipg l;~ ; . 
'~jhc f1."C ~··:·~; ~~:i[:,.tei~o The freaa water c®ulJ.l thfl~ 'beca~n~~d. ,; ~n ·th~' \::t~p . @~ . ; ~~, 
t';J.I'J C3e~ ~'ij~""cer t~ the weir ~wc.;rfal1ao · .;':', . ~-;.: ' : 'i ' ~ .:. ~ .:';,> y , . "~>"y> ~" " 

:. .. '. . ...... . . . ~j:~}~:';"'ff;i'. I',; '~·; 't., <, ;, .' .':. 'L 
CC)11'C ~{:1 t5ra·t~~{lbrl,ns wa.~ I,l@t ilse1d i1'l .. tqe .modelo ',;:.:t:; 'I'h~. 4}l®~a;ry . '~be'tfW~' 

'~ht;l ~~'}~ ~~l~ ~~t~t~a;"G(7rl b:!.i,ne an,,;' freeh ,mte:r ~ae ~~~r~ae:n.~~.~ ;.b~/th~ ~,,~~11~ > · : 
h.1lt{;;@m ~f the t~f/tj flume and it was aSGu~ed :' t,:pat'" pe!lYin~#od~~ed',, ' sea :.~;'; .. 
~i!:{.i;6r would fl!)X'm an inter-fa~@ betwee:n'~he sea · wa:ter\;i'$ncl.,) :the, aenoet:ltratea.:' 
br~.n6 a:t c1, pi~ 'si t1L,9n ' c~~l·respt!):nding tc) '~hfj a~}j.i( ·~tt.m · ~t·:"th~ ;~j;.,B~ · . .'flUmel ·: 

'. , . '. . :'~ . .' " , , ';"~ '~~: '~} ;;;.~" . ~f~--:... . _:, ,: :: :~":,'~. ~~.:: "'.< ~_ it 

1~ha lSemecharL"'lel Sf' uaed f($r Test j~Tt)o4waa 'fillQtl,~withtreiih · 'wate~ . .. ' . 
~;r;a a ~,0p·th ef 3\06 inchs30 ' S·~lt water iJfdensit,': 1~Q3 (Sw~sintnduced tbrYl~.gh 
0. sti ll~~ng bGX and d.yed wi til f~u$)re ~:;!~ein bef®re;s ~l,~ring ~Y~1:. (~h~ : sjoP1rig ~'~' 
weir int@ the fresh watoro . 'The salt w8tel'a fC9Vf)d d.wnth~· ;cwe1:r:': face and ·: .. 
5~:(r~ad ini'~~i~lly t&a. depth ~f' 1· in~~$ . butr98~ ' a . ~awinc4e·~ ·'~belen4tlXe" 
1:~llil1) ·tc f@rm a. frl}}nt apprsrlwately 20 l' ~"n6hea hieJl;', a,¥~~ , l: ; 't"~~, '·to . dcmnstream 
~~ft tf~e ;;·~int 6£ entryo Tha tep sul":ea'~~lay~r··'~t .·ft'*,~:~~f!:t',r , !,a,~ d1J~laced .. 
il ~1':~il th~ depth i)f freshwa;ter f:r.liJ!fl tht}~ilrface· i\l·a : apP8~1ma~ely lc. 2 : · ',: ·~/.", 
5=n.ch~s at the raar ~.;:f thenetwly f~r'te~. e'al~~t~~~1:i '~nt "'as' ·Jh@W!l l~nFig~';(";" 
FX'otl11 ',~n~;te :{> '\~aa di~~plu~3~1. f'raoly n-l: th;~ . weir ; ,fac,~\;)ln~i~ ~":l!t~;:~:~ t ,:·.::f'.rent ·/;<··;, 
r<~aQl!0{i th~)weir W}).G1.. .. eup@D the salt we;"~9r . ~'rf~ · re'j;urpe4 · Gver·~-phe · "c@p, et . 
'clle l@':fi'~.1I· stJ:QfJ:ll tending t~' . tX'floP tlv3 fj~esh , watsrt~rt·,trcirt ';~f.~;. t~Q. ':' ne'flr~ 

· ·turn frl» r.l't whi~h ap:~e&~d sl~)\\\'ly back ·· t(~:1r1s,1~da ';t.he fSu:9ply· : p9into :~ , ... ;,At thiB"1':f;~'::- . 
B'~a.~~?J tlhll fdl ~w! @ver 1~he Gutl~t weix· · G$r~rpr1sad;' m~nly" Bal t , wa,terJ. " . The .>, .. '. 
:r:f:'t$ci:l \lJa'f;er tritr,p~1tl Eb~\;'a the ea:.l~~ €~y.·&;dt1aliy· .d.imiriiahed ,:. ir,. : :Vtllu'rii~ ,;aa "'~,-
~E:i 'l;hf:1 j} 8/drrdxtUl"6 (j¢o.lilrrE~d @~1 the it}:teri't~©e ; {fj-;e ·(;h~. ; f'raah :wat;er 'was f~rced\, 
ba~k t~ 'fine 8uppl~ w~ir ~d1.el"~,. t'u:bul~~:i~O pr~duced: , by.<t~~~ '~i~~mltig ·· fjl(jW · ·': :'i; ··· " 
,yJ: sal'\i wa:tf3r ten'l~d ·t® agca;;,cre.~e the miul1.g prQQe~so . ·::o/ .;, ~ .' ~: ., 

,~~r~., .~~ /,t~, ' ~ ;'7t ~'t1:' 

Fift esn m:Lri~tt.efj egter c~minel'M~t~m8n'\~ " @f t~.~ t:~~:' t~~;' ;:i~i@; ·;:.;:s 'cut: .ri: ' 
, . ... "ilJ . .~., ,. . ' .' . ~., ... ' r ' ., • -:J, . ~ , , ; 

enG. .~ ;'h~~ w2.t~~r in th~ channel waa {;Ad!, ..• QWT;:U .• ~(!) {j(;~?ma · st11~J .. ~~~ , }'l~ .ol tliloe,tage " '. ' . 
' . ell tnt::) f'rssh wa.ter hm.dbaen ej:th~X' m~~ ;,; ~(;;d ~r ,' :~"emewe'd ~ by :,a1.plaoemanto·;:· ) .: 

. ~ . . . '. " ~~' 1 ' " ,., .. ' , ~ 

.- ( . 

'''''.' , 
~ 'of' J • , 



: ' 

' ., 

- 7, ' 

.,; t 

" 'nitiol. 

'i, 
... . : ... , 

',' 

' . ; .". ' ... _;:.': ....... .. , 

' ... : . 
" l 

. ~ , 

\. :'~'. '."" -.-,~ .. ,: :. 

F"l2.a~.~ f'l''T£Q,~r 
T~A.p~Et~ .fr [ [ 

, > ,'I , f i <) .. ~ ~':~ a.,'., 
~," 

',' . ,. , 

to 

.'"l 

MQv.~~.'" ... ~ Ctl .R !."'I,.\~'" 
, .....--- ' ~'-T. /' W"'Ti.~ · t: ItOt04.~ 

. . 

. 'e. 

fn 

'. ' 0';'" f'I') 

:" >T 

, ~-. . 

"11.. ' 

s,..~ T:' W~'T I;~ 
. ,?VE.r4F'~?W 

MC)"'1I44 
_w~,. ' 

? ) , , > .> , ? , . , ', > .,>:, ' , , > ", > ;, .. I 
~ .. .1 ;-: ~ 

-~ I , 

, !' , 

. " , :i F~.9,;- .: ,,6 b~,'" 

~'" , ' , ,. 

of '. Solt \Yat er " Front,. On 
" .,: ,I 

,,"icf icction ,f rom 

" 
' .., .; 

FIGUR E· ~!o . 5 . 

" . 

( 

·i 

.\ 

, .... , ~. 'i. 

. ... . 



Densi ty ~ee.dinga en the depth taf still watlar 'were ' s,s 't<iilews:=> 

Depth frem Surface 
inches 

C~n01UBiGn' 

, Mean ' Relative. :" 
, ', l)ensi ty , _ 

: l~,025 ': '" 

10 0225 

1to020 

~;to0115 

, mean 

This test shewed that remeval of apprGxima:t$ly 1'304 :'Pe~ , cent "of. 
So wlume effrsah wa.ter at 8 depth er approximately 3l inches 1s ',' , 
feasible by displacement with an equal velume of s'ea. water : fe~~ in : fNm 

, , ,, ',., , '"" ,>' '-", ' . 

a weir at the side ef the pend 0 ' The sea waterre"$idual , ~rthe precess 
was reduced in densi"ciY by the admixture 8'£2606 ' per cent ef the' freah " 
water with the sea wataro ', " ~' " " " , :>~i~ , 'i 

The teat was carried ilUt with a fj~lid oound'~;'.n : t'h~·' 18we~ ~ face',;~; , 
~f the illfi@vdng salt watero In an 6vap~rating p~nd it is :sxpected , 
that an interface weuld devel~p be"tiween the inc0ming , sea we.te~ and :-;~. ' " 
brine in the p@ndo In such an event the beha.vl~ur .tt the interface '. 
w®uld be similar to the :fresh water to sa.lt waterinterfac;:e ,. studied ,~ 
in tests 1, 2, 3 and 40 ' 

DBa 



1190 

lm. initial test, of a series of fOUI~ to determine the behaviour of 
a. surface flow of fl'esh wator passing over E~ layor , of Galt. water bounde~ 
l~y 'Vertical bafflo6 normaJ" to the dir,9l1tioj'l of motion of the fresh Vlater . 
c·t1."(~amo 

Date of Test ~ 5th April 1960 

]tnl 1;i.a1 ne~,-1;h of Salt 7later .=. 1203 inche3 

Depth of Fresh \'later above edge pf baffles ~ 1/4 inch 

Comment: Tank left to stand overn~ght 16 hours and observation of fresh 
water depth showed little ch<lJ."'lgeo 

Refer Plate I 



Float 

PLATE ··X 4' 
------....------: \ 

Identification 

~R., .. ", 
/ &~'-1" 
i' 0'1-



DIOo 

7,: ". 

This is the second of a seriee of four todeterunne \the _ b8h~viour ~ ., 
of a surface n~w of freshwater passing over a i~arof rsalt : .w~'tero ", '!'he 
salt water was bounded by vertical baffles 'normal-" to -the ijdirection of 'c 

.. ,:.: ,_ 

motion of the fresh water streamo The surface flow was p:rat:tically larid.naro ' 

~ta of Test 4th April 19600 

Ini tis! Depth of Salt Water .= 1203 in.ches 
;(:L, ~ .. ~ :::- . : I":". ii~ :". 3{Y:: "", ':';.,', ~ \' , }'. 

Depth of F'.I!~sh \"Jeter eve!' top edge of vc!·-tica'iL ;,ba·ffle '··bo~J , in~~t;L _ 

Length of salt wat~r surface=3 I1 0" 
- 0 

Temperature of FreShWater - 69 F 
Temp~rature of Salt ;I;atar . . = 10°F 

l{ela,"~i ve Dansi"ty of Sea Water c= 1003 

-.{ ... 

'O~0226 : 

"t-



TEST No.2;' 

Float 

~M 
lh.v& 
';O\7~ 

Identi fi 'cation. 

REI) Q.. .. 1:> 

~,,- ~. '·0100 
\·007! 

PLATE Jr 

ij 

c'A.E.').( 
i~ OQs'o .&(,.,&. 

· ~t.."CI4 
, . 01'25 

~, . 

;~' " 

&II.UL 

"'-025 



DIlo ~" 

~rh'J tb.i:t~d. of ., a: , series of four-to ,iet(~rmirle " the, ~ehavi'our : "bf,a'\aurl'~ce ,flow;, '­
of ff:C;~ ~3l:~ w's·j;el~ passing, O'v~1.' . a layer of ~Jal t Wt~'tel" bol.pl.d. e g.', bY :'vortiC'~f "~1?~rrles 
;;'''l(l~'liU1 t·,) -~he directj:on , of mot:tonof the "fresh ' weter;': str"ia.m~ {, ,The ;sUr£a.cs"' flow 

'. •• ,.;"' •• > ~ ... :.~ 

Da-~e of tI'es't c" 6th April 19.60 ';. ' 

InitiaJL 'Dep'th of S3,lt Wat~r =, ,1203 incheso , 

Depth 'of Fresh \'/ater over top edge of vertica.l~irle ~:,J)~8<h inches., 

Length of salt Water surface -3 QO"o 

rrempe:ca:ture ' of SaltWater = 'lOoFQ ' 

Relsti \,o;:;tDanei ty of Sea. Welte; => leO)./ 

.. : :: 

l~~~;:;---=-~F2?k l
=".,..,..~~-" -,,,--~=_-==a--------r.~-=--=,,-===:-~-...... --:--~==---:--, --~4=4--( 

1-=25 ." 3=29 
'\' ~ 

&pth of Red=, 
Ilu9 Fl9at 
leasureo. from 
ilwi'ace inch€h:1 

.... 'i. 

Nil 

fim~ of", Tx·a.vel '(13! 
,r ~leck Fleat . (11 {1606 

~. ~. ' .~ ';~! 
.1!'. 

a.t f,Suri\: cF,;=oeca (14 ' '. (1608 

~::~~ ~~c~O" ! ~i~ ; "':"1 
~--~ ;~~ ~~~,=~~I·~~~~~~-~~~--~~I-· --~~-~l 
,Mean Of; t:tme~' !" ~ !" ' . 1 

for, 'Cra~/~l 16,Jl.*,' " 160 1, " 160 0 , ;,' ~4,;., ~e~~ ' ~.:.' ~ •. f.,'1 

~--~~~-===~=-=-~-l·~'~~~~r-~·~~-==r--~~--~--------'~----~~--" ---+--~, , 
'Mean velocity 'f! 
i,of Floa'~ 00186 j 00180;183,1 
-~-----====--==~~~----==~~~--==g--~--~---~~~----~----~. , ~------~----~~---= 

Floats photographed cream, r~~~~ ';~ld ' . ; '<i';,:' 
.' . ~" ,, ' r us 

Poaitibn of bPu-! c,,:float ~ee approrlmate, P~'~~t1o~ ; ~~:,:,, 1~~e~aco 
Photograph taken at 4a25 pomo 

Notes 

Refer Pla.te III 
"., ., : 

~. ' 

".'t. " . ;~ .. . 



Timt :, ,:'i\' 9i:. , ,:t:J~~n .. ~tl! "H'ct!r . 

SurfQ:cf ;':'~'V~I~'! ty .. ,~,Q~19,~ J ·e:e t :~" .p ~!. ~:~ $e,con d 

~~·Ol·(':~': .~tQ9 ~.a.!l'~ .. ·~··; .. P"li~·(,.~q :~~f~, r}', ."::i~~ -
-sal (~ti :Wd.t.C.r '~' be. io w " .~:':fn t" rfo c e:" 

- 'l" " ''' , , - . ,. 

lO£ n tif~cotj,Oll 
, ", '- • ' • • ". . ~ , 'c' • .' '. . - . • ,.' -•• • '. " 

.~ >~-

~~~~~~.~ : . .. _--.; ......... :* .... ""' ........... ·-;,':. . ..:, -1 ... ~ " ~ ~ .. 'J " 'i'I'A;~ 

~-~;..~ 
~bQSO · ltt.~ 

l ~~t~(\ :/ .;~~ : 
~ ... '-'~ r., 
t~ c.22!; 



. . 

,.,., .. ' 

. ." , 

.ill ,129 . 
2 ~: 

. W' -;,~, i , y :I', :': 

Th~ fOul-th t~st ' 9f 8 ~~ei·iefJ of "fell.;:" to· ' <lit~roti.be ~;' tbEt<lti~h~~io~:.oi ; ~/s..lrtace 
~··~., (3~i'~ of fr~~~~~ w~t:r pa(~~lng ov~r. a laY'dJ: lJ:t~+SMt,:: ~'t;;'l\:~~~~~ :' th:j.8,;: .f~at~cfJ t~e 
:C\~"'~i~'rl"~1'6r/in~;t-(~{lU.C~d on & , slop;tng pli:::U:la sl~pe~l!t~: 42thQ,~Z9J;1tal ; · tQ< 9~e 
ven:~i¢3l:,o ' ' , ' '; '.,/" '''<' " ", ' " r~~ , 

])at0 of Teat = 12th April )9600 

irii~ial Dap·th of Salt '; Wa.ter =>« 3~6" inchas ' 
l,el'lgth of 'S8.1 t Water surf.ace · ~' 170 ~8tt ' 

" 0 ' , 
Tempera.tura of F'J.-esh Wa.ter "", 10F ' 
Temp0r8:G~lI"e of Sa:Vl;. Wa.ter =10°J.c' , 
llo1r~:~i'{e :O~nr{1;ty of Sea \7at~n~ ~ 1003 
l;:iot3 .. 1 11'epth of Flow = 3~9 inches., , 

~; .. 

, -, '~"'; ~;" '; 5' 1,8 Il: 

~ 11 r+, 
(Flo~~ " on 

'? bottdm ot , 
"J" channal)' , 



. ( 

. A test 'co ob~erva :,the hJhavioul-' of a : fi~;l of' ~: ~~a. ~ w~t'1l;' ~' b9ri~a~hi~ ~~0' ,.' . 
. . 1nYGr (~f fl'80h ~7a.";C3ro . ~(11::e fI'eahl'iaterwas qOl;ita1ne<l ·~n·.i aj ,;:flume11Q .atf~'~:;~. ' 

long ,~tnd the cal twater. · ~as int~roducad " ,\o~ . a ~ Bi6pin$ ,~~ ;:aiop~d ' a~·;:'1·4~~} 
hor~, t,;o:ntal to one vart;"ca1 ;, ' ...... .. .. . .... . .. .. . . 

Dat.e of Tesi = 13 ·thApril 1960c" 

Initial Depth of frea~ viator 306 inches 
Specif'j.rj Gra"vi ty of sea wa-cel-' ~~ 1 0 03 

. Teml)Ore.ture of. Salt water '100 F 
Temparatnx6 ofFT8Sh ~ater69°F 

Time of cO.TIljencement of te()t ,= 2 q lO FOWCI.,· 

TitHo tjf cfM:Jsa'cion of sal:t flow .= 2025 porn.;) ~': \<i j , ~ 
T:tme of rnearmremet.Tt of. density difltrl bu~tii.?~l ,,=:> '2d'35 

.i . 

. :,t "I't.' 

The ~alt atraam 'after pa'ssipg the i111 tial >qiQt~rl>ar!c~ t a.t " ' entry: ;fp~d · a ':" . ! 

front of depth 2-k"approxo \~b.icb pI'ogreGs~d to<~h~, we1r·'~~ aplaQ1ngfro~n. wu.te;, ;·, 
:. 3heed of it and ovo:r ; the woir ~l The fi'ont was' ·thel:lratlected · at th, :wei~>' .1 ,,\, .. 

and salt water commencod to cIt acharga OV6l.\ t46t .wsi'r an~ :, t~ " : fra~;" flbw'( appaa~ed 
.' tJ?appou ' behind tha l"etnrn" wave but appoarod to fp~~ ~ ~'~~n' ,,,edga taPQx·tng~O ,:: . ; 

ru~, ind.ec1phol'o,ble depth ·oval:' the a(lve~ncing sal t ·~l-.otlto . ;\. · ~~e ... :" .:)A" ;: ,'l · '::: . " c < ,:. ; . . ~. " 
~ , • • ' . • J " " .' .': d , _.'--; . ', .. t:·.·.:. -"". "~":." '~ ' ... ~<. :~'." " . " .... 1 ' . . ' ., . , ... . ,-.I 

Denei ty maaSU1'eme.nts 'te!ten a~2cj5' ~ P0Ul~ · ·Sp.o"ed.~ th~·· ,t6iforirig~' dlBt~ibUt1-6ho 
, :' I '._ : ,. - ' . : ., ': I .. : .. .>. <.~ .. . '. ":"': :. ., .,. .' . ', ' . 

Depth from 'Surface 
inches 

'~:':. I, ~:' ~ ." ,: .. ,,~" ;':' -' :' ":",':.r~'. ',. ~?~,:}~: : ';~~:~ , 
, M.ean\Relatl"e i.'~> " · 
" oJ,; ·J J}en a1 t:y' \~:: . 

,, ' 
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