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I. INIS,ODUCTION

Tlris is the frnal report of th9 Yenvenning lakes workin¿ncüîïr?tfili:li ärt;:]t l;
orovide advice to tfiãìiðå Mi"tt*-ior uigrts-' the Ho:t I

fi#ffä;ä äïËrysiJm oumow ar Qualandary crossing.

triffi iröåî'*äïf dåS,?#îåä1tr"$:,f'%!LtrTl#iåP.äifr r"$
and salinity monitoring.

The usefr¡lness of the culvert in reducing- yl+ilies q lht lake system is discusæd and

fecommendations for future t-tg"ttnio"f tht lake system oudlow are made'

Thereportalsogivesbriefaccountsofpreviousrelatedstudiesandprovidesahisloryofthe
lake system and its management'

2. THE STT,JDY AREA

ff Ä"Ëå?H.f ,?-irl'åi,ËitrHäflåSåf#f rilSffi "åffåif 
srocatedtro

In normal years, the lakes receive most of their inflow from farming cofintff to the east

rsî#"'*H:,'ïff i^--#p¡*:lxxËa,mmf,çgrg"m*i
ffi""tmir ffåHî'Jîg ffi!'f ffi :tå Ë'$til
The lake,s are re.served for the purpoles of Recreation and conservation of Flora and Fauna

and vested in the ñññj d$ fiol;rñöõñ*ryation Authority of western Australia.

The lake system ouúlow at eualan¿aö-ðd;i"g; b'oo,euer, is uñder the control of the

Beverþ Sñire Council.

In 1965 the system ouúlow level was raised by construction of a new causeway'

local communrty a

Following good winter l4lt1, the lakes now fill to a depth of approx 2'2 metres, have an

area of .pp.*ir.tËilìi00 h'*t^*';äã"iÑater all year rouïA @hotograph l)'

3. TIIE PROBLEfuÍS

Raising of the rake ouffrow lev_el has been considered successfril with reqpect to providing

more water fot foigðiiåløîfói recre¿tional users and waterbirds'

Concernshavebeenexpressed,however,aboutthe.high-qgr-9j,jl'lakewater,
particutarty o"*ffifãä;"åfiå*""infü*'tin-tr"rnt time-s, summer salinities have been

several rimes moÉ ialty than r* *å"t.ìi.' ìr."i*iional users would like the raised water

level to u" muint"Lä,'ui'ri.iîr'ñó'ti^ã,-*ouid üke the salinity of the water to be

reduced.

Adjoining landholders have different concerns about the lake system' Their view is that

retention of water in the lakes at . rtiãläi-ió*t *l r-"¡ longer-periods h-as contributed to

secondary *ririåË"'ärá-*ái.iloggirïi óróblrtnr in some ireaí of farmland abutting the
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lakes. some landholden therefore want rake water levels to be lowered by removal of the

causeway.

This view (that the causeway should.be removed) is-ln pnflict with that of recreational

users, who want tþ causeyay. regüred Oough preferably with some modi|rcations Ûo

faciliiate flushing of accumulated salt'

4. EISTORY OF ALTER,ATIONS TO THE LAI(E SYSTB\4 OUTFLOW LEVEL

There is a long history of man-made alterations to the oudlow level of the Yenyenning

I¿ke.s system.

These alterations, and the fe¿rsons for th9q, aJe- relevant to the cufrent dilPu^æ-and.-are

described below. ffi;.d"r rrãi u."o ¿ãtiíø from ar{gles pubri.shed in the communÚy

;;öp.r;;ñ B;;;,îer-n,c;;,-and from government files and other soufces.

4.1 The 1928 Dam. Wall

on 21st September L928 a-"busy been of local residenæ danmed the flow from tbe lakes

by constructing a ;"ií, t*; Fg¡þl& då õ;.t trign' *itn oH superphospbate bags filled

witn eartn øevertlìtäei lsip1z,tj..ilil *dúäd'at rbe time ihaf rhis-would ¡aise tbe

ilild;;aEi teueíbv 18' to2ft. (0.46 - 0'61m)'

itr$ffiiffi ffiffi 
"ffi Hîftr'n$ffiïffi {{ffi#ä'ff

for duck shooting ;d ñ"d;if thtil'ñ f"rtø tôn¿tt during summer (8T2819128)'

How many yean this sandbag ba¡rier survived for is not known' Without constatrt

maintenance - and no documentation h^ Ë;i;rr;d o inacate that this occr¡rred - the wall

'#üf frruryJp'#îffi 
å-äJ*å,T'H"iltr'lr.'ttåHi%i:trti:H:,'i

4.2 The 1956 Raised Crossing

In the latter part of 1956 Fg 
g"y"tlg Road Board constn¡cted a cement-faced crossing at

auahndary, .pp*ol,íí;rËt"ã rirð-iilnõõlõumo* bvel by "about two fe€t' (0.61n) (Br

22t9l6t).

The aim of constructing the raised crossing was aprparerrtlv. as in t928, to inprove the

ffi i'å#rffiiiifl trr*j.î#ieffiîffi"*'r#üHjT/"f"i-ffi 
iffs

At the request of local residents, and with tht çoopgolion of the Public works Department'

rwo concre te (BT 22tgl6l) pipes- ** iüît^Uâ un?tt the-new crossing and were fitted with

cover plares to tnãi'íftry ¿ó,;id b" cfosd in Segtember-October each-year, as flood waters

subsided.

The pþs were presug:þly intended to facilitate yþter discharge from the lakes and

possibly to a¡ow ïict¡Uné to ottuiftomìttt Ñotth Branch of thè Avon, as in the past'

The cover plates were provided to enaUtJoutflow in late winter to be prevented'

The remains of one of the pipes and a cover plate may be seen today, some metres

downstream from the current causeway'
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Trre initial construction of the crossing was apparently not $rong enough.to withstand the

f"ä";i"t;irË¡a'ñ;;-d.;;i¡õi"*.itto,if of the crossing was reported in Julv 1957

(BT lglTtsT). a rriäi"årf tninoi;'u*t -áway. beneath the cóssing w-e¡ll also occurred, in

t96O (BT 2tr2lû).

4.3 Ttre l9ó5 Causeway

In September 1961, local residents with an interest in using fttt.l.tt system for waûersküng

aooroached tr¡e neJeriils-ñire-Cãuocil *ith a proposal.to raise the calseyay I Qualandary

ärå::ffiîä ä'dññ'.I-r"" &.¡^(g,qttn)tgiqlùre¡te^nty of water for boàting and sküng

*!i;iãrãä part.:nrm er (BT 22i9t6t, 6lt0l6t, 27 tt0t6L).

It was thought that raising thg *.alt by an additional two feet would be of added benefit Ûo

the Avon River, tñüË.-nrnno É¿uctiòn in salt flows from the lakes at the end of

winter.

In Lg62the state Government approved the pfoposal (costed ?t-l'?w poundg)' ubject to a

ö"Ëff ä;-ü |g;ti"6tttff iõt nlt enc¡oåchmeùt onto lakeside properties.

Simatufes were obtained from adjoining landholden indemnifying the,golernment and

!äääiJlläö'r -y fr;rñ õiáimlrõuo*ins thg 
"*liog 

ofihcwall (Br t7t8t62). It
lä-rr,portã-ui.Tt o"o";ü$donîó thr p.j*t *etõ øæ¿ bylocal farmen (BT 12110162r.

In 1963 members of the newly-formed Beverley Ski Club built a- Fn4 bag gmbankment to

teï,il ñF $;ï"nei ó. tte *"*î?kçL',f1,Í'fÍà;,å1,#,.m: ffAPffiirä
ffi#ffiî$il#tff.;#itrlT,iæ;ioo to o, ,H a"b no put sanä döä rh.

crossi'ã @T2ll8lØ).

Construction of the new causeway -- y¡th pqing aF gravet, üd l"!".t st-o*- ltçiog "{
äffi;--b"g.l¡r'útr-r":tæt pãü õf.p6a. 

-für iolt üas cofumenced by the llain Roads

ffi¡åfgffiài!,î,*:trrrtrffi¿Íif 
bv theBeverrev shire co¡ncil with MRD

#iåä1å;"#','å"î*i.,lJ,l:;"'""i-(tfil*,3#'k-.*1"ffi *$'s;9,Ë
culverr was blocked with bricls ana-itones. 

'nre.se t"tLiiti umii thieir rémoval by the

Council on June ?th, 1983.

On Julv 6th. 1965 - less than two weels after completion of !h9 qgsewa.y - floodwaten

;.äilJ'íh-:üåh ñ noññã.ã.i. rrtã ut*¿ônes we,ie r€eair€d uv cryry-{ emplovees in

se'rember oT thar iga; (¡lr illilo5j.- Sóme work on thè causeway ap,parently continued

unfit earty t966.

The final structure @hotograph 2) - 610ft (186m)^l!!S with a road surface 16ft (4'9m)

wide - has na stone cofe covered wittr a six'ingn- (0.¡qþ¡ thickness. of concrete and hæ a

500ft (152m) rrnåi-täi¡-g;gù; t0 inches (0.5im) higher than the previous crossing".

rtr" toì¡ coit was $7,380 (8f2513166)'

The new causeway had the intended effect of damming water to a higher level in the lakes'

It also had another very significant effect on the-hydrologv of the lakes' Prior to elevation

of the causeway the laice íystem *^r'ñõ*.uî-fltttrd in finter by high flows in the North

Branch or rhe A";;'îì;;-(li zintoof. riaising oj th9 qtsÞryay prevented this rrom

$'*ffi îf a'tråLîF:i.t,îWff ti*äträJt"å"Tå*I,ii'få,¿iå3"'ållili:
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mav have caused a significant increase in lake salinityl as there is much salt country, both

rãi-t.¿t an¿ naturai, in the eastern catchment'

4.4 Recent Works (,to 1990)

The only significant changæ made to the causeway from 1966 to 1990 have been:

il The removal of the obstruction io 9t box- culvert b.y the shife council on rune 7 ' 1983'

iThis was reot"cø"ü]ä9iË-"¡¿t'tñtiú "btt-.d"n 
around October 25' t983' which

ì;;;t;"ø'uy Couñcil on october 3l)

ü) Installation by council of a control gate on the culvert in 1985'

Table l.

Yea¡

1928

1956

1965

1983

1985

summary of significant works at Qualandary crossing (to 1990).

Action Taken

Iævel raised 18'-24' by construction of a sand bag wall þresumably washed

away before 1956).

Iævel faised apfpfox 2 ft by constntction of cement-faced causeway' TVo

pipes with movable cover ptates ntt€{¡'

New causeway constn¡qttd oitqq {evel a further 20" (tofal apprcx 3'8'

iì]iZö. îi,rËr" uoi *in"tt proviðed but not used (blocked).

Removal of obstn¡ction in box culvert'

Cont¡ol gate installed on culvert'

5. PREVIOUS INVESIIGATIONS

As mentioned in 3. above, ,aiqryg of the ouülow leyel of the Yenyenninq Lko svstem has

been considered successñrl ryig *qp*täi;"iãdg ãoã *ãiói io.ionger pírioas for

recreationat users and wateöids'

Concerns have been expressed since tbe.earty 1970s, how-ever, tFut the salini$ of the lake

warer, which .*."i^i"'îñ iiôñæã sinóe consirucqon of the new causeday in 1965.

trieh sarinities rrave üañpäJ *õrõ.tionJãtiniti* such as warerslüng and swimming and

ïfLË"ääËuËä"dr-tr," ,yriJ, tot suitable for use by waterbirds.

In more fecent times concerns have also bee-n expressed by some adjoining landholders

about rhe possibr" ñì;är:iËä;d fuéi rcueri on wateilossins and salinitv problems

experienced on their Propertles'

,t@T|2l8l66)1h1tinwinterl966thelakesystemwas
fitled by "..exceptionally.þeavlr early-iãsoí fu[s eastwards and northwards of this

(yenyenning r-aLesl äirã.t". rire- *.tät in nr hkes was described as being ".. an intense

blue and not mud Jåläät:öri "i"ã 
it ir,itþriod". salty water is typically less turbid than

fresh water.
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As a result of these concerns,- thfee previous investigations have been undertaken into

ä;*-;öA; ,;iñ ói'6õo õr tne 
"pþa'"nt 

problems'

5. t R¡blic Works De'partment (1973-74)

Ttrefirstinvestigationwasconpuc¡edbythePublig.Works!fl9ln9nt..(PwD)atthe
request of the D.e.ï;d;îf rirîõtiLt 

";å 
ñ* .n¿ ttt" WA Wifttlife Authoritv in whom

the lakes *r* u"rid:-iËaim *as tö'äiiiäo *iyr uy which the salinity of the lakqs'

waten might be reduced.

Two proPosals were assessed'

ÐTrenchingofthelowerlakestoenable¡emnant'salinewatertobedrainedinlaæ
summer.

ü Instalration of a gated culvert in the causeway to facilitate removal of saline waters,

íittr or without trenching.

ïte resurts of this shrdy indicated that it wogrd- be very costlv to t¡ench the lower lakes of

rhe svstem *¿ ,n.r,îiínî,tËõn¡rgl äJürüuoï g! ígatÊd culvert at the causewav might

il":rlËäñiä"itäå,tä;ril:ü;¡*ilsän"ttd'F;fmJp#;;"ffi'g?åÍym
;-io;E; 

-añd 
mote d€tailed studY '

conclùsions were drawn.

5.2 P.W. Anderæn (1975)

rÂ rg7 s, the- Department of Fisheries and wildlife' *T,t;"rff mrffiffiå"rtr*iiilfrd; ;;dlõiîd-lades-,-dynamics by Mr P. Andertot

at the UnivenitY of WA.

On completion of his twelve month study Mr Anderton came to the following conclusions

(Andertôn 1975)-

?nn*#"Ë,î äi,ffiår tr ;î:5ä",1ffi i,ffi"* lll ffiÍ,llg"xl#: "u'"*"

"fuïråFx'¡"tffi*ï,r.t!,ffi å-¿rå'*$¿iHhi#hffitffi ffi ü
months) oudlow.

üi) A 9r.p channel .l9ng rhe centreline of flow 
"ry"SJ iltffi-?tt'ffi*(3rtfrl.ffi;

'nt#,mt#fmÏm:m:ffi ,ffii"lr"rååïffi "

Mr Anderton recommended the following:

Ð construction of a banier with-a yariaþ!e^e{9 at Station 290 (Swan I¿ke exit) or a less

costlv barrier without gate al Stafi;;-ã?b"Ctlgft"t 3 & 5) ìo redgç the salinity of

dowristream r.trï'îv'p"rJ"r"tiog tr,ä'þrrurutJ"nãw or watêrs of higher sarinity from

upstream lakes during summer'

ii)IncreasetheheightofthecausewayatQualandaryCrossingbyafurtherlT''-19.,(0.43
_ 0.48m), trrereuT'fitËrñ *î¡díhliË-úk J *d redrícirig the rare of increase in

salinities througnåuiiffi;ff; ãutin'g int summer evaporative perid'
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äi) Dig a deep water channel at Station 200-(pd possibly 270) to reduce localis€d salinity

increases in the ,ñd;;*i-;i th" iñA-dies buring- summer, and to improve local

flushing.

Most importantly, M¡ Anderton also recommended further monitoring of the lakes so that

his theory of salt flow from up-tqug.nl to do*nstteam lakes during summer (on which he

U"r"¿ niít""ommendations) could be æsted'

PWD evaluated the Anderton r€'port in 1982'

pwD necommended against constnrction of a gaq structure at station 290 as it would be

;.;ry ;n;;i* *á-"äur¿require.n "ip"ti"nõa 
operaror close at hand to operate it.

construction of an earth banier at station 270 was considered feasible, at a cost of about

3p;tr;"*f:rï:îbimnnltn"ruçxrîffi;ïJ'iä"Hfr:i#r'.,ït
Ëi"* AeciAing whether or not to proceed'

Excavation of a channel at station 200 would cost in excess of $30,000 and was considered

uolit"ty to slgnificantty improve water quality'

psID shared Anderton's view that, wìth the lake syst€m overflowing in I yean out of l0

tÂl¿räofi,;-&¡'irffd¡iiñsffi .¿ãq*æ to preient long term accumulation of salt.

5.3 Yenyenning l¿ke.s Worfting Group (1984-85)

Trre third study, in 1984-85, î1s initiat€d Uv tn.:ì{g-tl"1f:t-Y:,f*:.-ry:å;Y:tYf:
iåii:öiäï#ï*il[ñ:if',;ffi 

5îtr"ffi î:rH,fmffiÇ",åiculvert in the car
l-ìmartrnpntc nf Aon pttttoents of Agriculqr-e'.Fisherietl an'

ffi"käï',f" ä.ñr ;ii"itU **Aonat¡ts anO aC¡ oining landholders'

Ttis study concluded iruer alÍø that elevation of th9 ca]¡seyay .did not contribute

*þ"#g*$äi''*ø;äñate,roæroneorao%i"s,Í#ft.äs;iiii#trtrf_Ti
lioe-vr.rîouu "äffiH*iåi"il!ï;¿ 

tt" conãiaoo ortnes" Lnd, . "

H###ffi '[:ffi '-åf; li"fi 

"ilË)îH1i?Í,1î'iËI'ffii,#H"ffir:f 

ffi
the lakes.

The1984-35studyalsoindicated,however,thatsomeimprolemelt.$å:Jïå}#s;
;¡d;91t"¡tv.couía be achieved ot "fätlifliiäio*t, rhough this wõu'rd b" at the
winter (as hãd *näåoåH$,1? orË'*,, 

lower warer r"í"ìsl"äir äoigpa"roi"g upoo

;frjiäii,åsi|,kreductionib""rbä¿rilä"^".iäåóãäíiJt"rn¿ïãt"'tiì¿'.

In May 1985, the Working.Gryu! recommended to the Minister for Worls and the

Beverlev shire council thaithe latteicônclusions Q.*d uqol coTputer simulations) be

ääï'y;ö"rñäi;l;peirü.;iithr.urn.tt for a òhort peiiø eactiwinter from 1985 to

1989 and uy ,ontinuä ;üïilg örirlä satjnities and ou'tflows during this period.

The Working Group's recommendation was adopted and a five (later extended to six) year

ñ; ñ ;î ã*p.-rinirn tal openin g and m oni torin g co m m e nced.
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6.IHEIgSS.g0YENYENNINGLAKESIryORKINGGROI.JPSTI'JDY

Each year from 1gg5 to 1gg0- the working. Gpup recommended to the Beverrey shire

öîå.{rîh.i-;Ë..eräå'ó"hd.{vóñ;i'tb"q""1åìJîli'io$f,?li:T;if
ñ;'t" tËñonhgãìn ôf-tUg Avon River at Beverley.n

vears this could úi-óip*tø t o."ìi- tñ;- dt;' þ June or July' soon afrer the

óommencement of î"t"îfiffiæir.ñ;;: üþf9-gg was installed under the vincent

Road bridg, , ,n"ilË"éË;õõunãilomc"ñto-conveniently measur' the flow (0.2m on

;iËäG"t"u¿-inoic"tø the required flow rate)'

The working Group further recommended that the culvert be closed on the fint Monday in

August each Year.

il,"1l:ft'r"#nnmt*sffitîiå4+ro¡fl*ip#r
ôv releasing too o,uäir*"ti õri"g ;irõÐãrine waæi ievel in the rake system for the

ioilowing sp-ring and sumner'

6.1 Year One (1985)

ffi River North n¡a1ch catchnent 
" "îHHñå:iåJrff ,Hf#.i

ä;"**;"äúI"* ;";äg" tld, tt a consequence' tl

until late July. The er¡atand¿ry.crcssä! õr"äñïãi-thèt"rot" not opened until ruly 22nd,

as per the management PrescnPuon'

on lury leth, q:^y"t , rever at o*rçf,få:,s;iËilä."tii'ri:ttritr#t*þtr
;oderi'cease-to-flown or nlnvert' k

from rhe lakes ar ,i"",ir', "ñ;"ioãäd;äü 
ólñ ønran ii ttre remainder of winter,

little, if any, during subsequent moilns'

The culvert wæ closed, s por the management prescription, on August Sth'

ffi ü.þi*fr tîiî,iî,n'Pgrrþ{iËlî,¿ffi #
I¿ke), the most pdiË J;t"tþ"tl úi¿" i"--qç system' was approximately

ïte lake salinity ;ír"ffio ñå[--nó",e*t, at 164 parts per rhousand (ppt).

Due to minimal inflows, there was little increase in d€pth, and probably little decrease in

ffirffi r,i.îîii.îË,{;f *'u6i:'¡¡tHgry;g¡9fl,'f;ffi
;;"ñ -d bí rr'r"v ilg6 tat<e salinity was 293ppt - t

ö;;ä.ht"s sãuratiôn Point'

m,*waslittleornooutf1owin1985,^nonewinformationwasgainedaboutthe
usetulness of ope6"'fäilñrtt during years óf normal winter flows'

the CALM.depth'gauge. In 1985 the minimum recording

level of the WA Water Authority WÀW+l gä;þiñg it"1i"n was 9'45mSL' which is 0'58m

above the curvei'il;il Ë"a. ' srJi fñ.ir i¡¡!gh. the culvert therefore could nor be

detecred. rnis *äsîoi,".øiø until after the 1985 winter.

3 Extrapolated from CALM gauge readings at causeway'



Table 2. Iævels at Qualandary Crossing

LEVEL

CausewaY cease-to-flow

Culvert cease-to-flow *<
(nanrral ouÉlow level) '
WAWA gauging.station
minimud recorðing level
(7.3.1986 onwards)

I¿ke bed level at

mAHD*3 lgDiff*4

210.66 0.00

2W.53 -1.13

2W.24 -1.42

(See also Figure 4).

msl.*1

10.000

8.874

8.585

mCALl"l*2

1.84

0.71

0.42

8.295 0.13 208.95 -r.7r

,4

*5

WAWA gauging station
(an¿ at C-ALÍ'Í gauge site)

sL is úbfevi¡tion for 'str¡d¡rd [.cvcl'. All wAwA srugnS f¡lion¡ erc givco rn erbitnry sL in netrcs' In ûc

c¡sc of rtc at¡¡l¡nd¡ry Xing gurci¡g detion' the crusewey cÆlsc'to-flow level is 10'000 mSL'

CALM i¡ ¡bbrevi¡tio¡ for 'Dept of CALM dçrb geugc" I¡ 198' CALM i!útlod r 8¡¡¡tc 26m up*am of ôc

c.¡¡¡!pwry. Readings ioa".r"-¿rt of w¡tcr in r¡tc ¿i(sce Fig 3). This 8¡¡r8c wls rcoovcd 14'4'94'

AIID is rbbrevi¡tioo for .Auû¡lir¡ Hcigbt Denrm'. Me¡n ec¡ þvcl is 0'000 nAHD'

EDiffisdiffereoccinelevfionco4ercdwittcoseweycc¡se.ro.ûowlcvel.

Thoculvcrt¡Ppc¡rsbhrvcbcøphcodoaücn¡¡¡r¡lg¡oundn¡rfrco¡sq¡fvoysb¡vc¡howaüQct¡lvcf3cl¡8o.Ûo.
flow levcl is 1.13m t ¡"* t" o,L*.y c+-f ¡¡d tr¡ is in cloæ egrccmeú wirh cerly oginrtcg (t¡blç 1) th¡t thc

or¡dowlevelw¡sni¡ed¡tot¡lofl.l2mbyconstn¡ctionofthctg56Úd1965cruecwrys.

6.2 Year Two (1986)

ffi ;¡i*v#,'"il$îîflri#äH"-ïffi+:ffi #Hff""iåäiüii'ïtî
crossing and arso ñ;-"ri"inur *òoiäi"ííå""r"dud* inãt of the culvert. Ttrese stations

ñ6bñ"*,tr,*uei"ti,-,"r"eri;r.r"*g."äultf ifr3:g*Lflç' 1xf ;l*'NorthÉä.iii tt e Avoñ River, to be monitc

ffiffi; River North Branch carchment { 4e ffifr8t*:J3ffi-#ffiîtr
season was near n"*J' 

- 
ny lunt 24th river flow had e;i

r#ö, ïo y"" *¿;iË ö;lan,i,ly òrossing culvert was opened.

Earlvwinterrainfallwasalsoneaf.normalinthelakes'easterncatchments.significant
inftow occurred *ä'dñly grh tt r¿iJïvrtem-water level reached the curverr invert level

(Figure ó). n, J.ä',di'íä;ituJ;åï'", -ã-õ iulv 28th, aftet 20 davs of flow

ìffiür the culvert atone, the lakes overtopped the causeway.



It is estimated that the water diqgþrg$ f1oqt

äút"*.v overflow increased salinity levels in

Ëää'õl 
-kt 

do*ostream from Qualandary
n"*trc:yt by 0.8 - 4.7PPt (table 3).

the culvert Prior to the
the Avon fuver North
Crossing and 14 l<tn

9

commencement of
Branch at Brouns
downstream from

Table 3.

Date of
release

13 July

14 July

20 July

24luly

Satinity of water
released
(peÐ

37.t

34.8

21.2

23.3

Effect of controlled releases from _Yenyenning- Iakes (via culvert) on

otittititt in the Avon River at Brouns Fann in 19ðö'

Salinity in Avon
following rPlease
(p'pÐ

4.2

Estimated change in
salinity of Avon due
to release (PPt)

+ 3.0

+ 0.8

+ 4.4

+ 4.7

3.9

6.8

8.2

The culvert was closed, as planned, on Monday Augnf-1F,-afre.r 27.days.of,flow through

it. ouffrow continued ovei the top of the causewa] gntil (¡touer lst,-at which time the

water tevel dr,opped-below the causèway cease+ofloi level and oudlow ceased'

The satinity of oufflow water varied from a¡ound 37ppt at the commencement of oufflow

rhrough the culvert'õig-iõpt Autiogrflont over the cåirseway (Ftgurc 6)'

An estimated 160,000 tonnes o-f sary and 7.5 million cubic metfes of waþr were released

lroñ tdl'.ü*-intó tle Avon River during 1986'

mry.rffi"$'u#S'ruffi*ffiw
ouúlow over the c"use*"v. It was noi¿,ir to *ti"ity stratification at the causeway (i.e. the

warer being ,or"'äìii'Ji*t rËbõfim rhrr;*í the surface), as str¿tifîcation did not

occuf.

No 'bacKlown from the North Branch of the Avon River into Yenyenning Iakes occurred

during 19g6. oumäi'i.r irt" .utu"tt"*äl-iäp.ãø-to some (uncalcuhiéd) extent on lst

Augusr onry, wnen ti,ä lä"Jii" in" nuôn pdka';t 9 .zl 
^sl- 1ùshntaneous level), 0.40 m

above the culvert ü;;ã-¡i"* iãuelUulítill well below the lake level at the time'

I-ake De,Pths and Salinities --
The lake sysrem wäffiaUy gry_by autumn 1986, due to inflow in 1985 being minimal'

On Mav 28th, the ätlîã'Jptit in'Irfr;3gA *ai tpn1ox.g'2m and the satinity 296ppt' n,,'
;ä;rtä"-i'i:;bË 4i:-Ãøf..st was evident on the bed of the lake.

with high winter inflows, the lakes filled and salinities decreased dramaticallv' I¿ke 80A

reached minimum-values'of l5-l6ppr õtf;* t" nt"t-Uotiott þ¡tlgt'¡'. Éy leOt9lçr
iö8ü*.rylurt''ä[ütiì.*rtr'írnà1f niaoo"u.toffi ål"iJ3ïH:,f.i"i,ii3Jf ,T;eÑi"i"g;i the"salt crusi and satiniti
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increase.

Table 4. Salinity (ppt) profiles of I¿ke 804 (Ski l¿ke) from May 1986 to April 1987'

Depth May86 Aug86 Sep86 oct86 Nov86 Dec86 JanS? Feb87 Apr87 May87

3:1' 'riï,
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2.0

94 r23 r204539282l20t5

'iz

42

123 l2l

t23. r20
WD

::

16

24 29

16

n u

ï'o

32

:: :: irzb

:: i'¡rb
133Þ

I surfaceb Neat-bottom salinities

In subæquent months, salinities in qiddle and surface waters continued o increase due to

ö;äùäriõ by 'üiffi"îarrî 
nr;ú di"ot"t"s of the cm$. ***ffi#rå

January. wnen inæråIiiËr*rl¡úf-use of the_hkð system is normally gre

äÏä-,i i";^ñJiñ 39ppr to 45pr, atmost 1.5 x seawaûer.

Bå#3Ëä":if iff Jïi"B$,Hl#""fåÌ:"å:#':ffH'äLqh#J"lif'3
into autumn.

f; ffi'-'*.!ythisæcesdro,,;ffr:,;#:ï,rri¿;i:,"H:i,;'þyfr,i#jää,lü;Ë,
te¿ucing ttre salt nád of the lake syste

saünirtes thatt woul.d be the cose if ;;r;;-;*li oity u, disclarged over the top of tlw

caweway.

Note that in years such as 1986 when lake waters overtop the causeway in late winter' the

release of higtrly ;lioï *ãiJ, t ro.rfn--tttr 
-culvert 

iri early winæi has ¡w efect on

i ø1, qu r rt s p'rinþ - s wnmer waÍ e r I¿ v e ls'

Another conclusion which can be-drawn from the 19g6 results is that salt crusts formed on

the bed of the lakes at the end of dpl tå;.* at least qtnit{V redissolved in subsequent

ïäörl"it-å"åñä ö trtãtttdtdU" flushed, over iime, from the svstem'
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6.3 Ye¿r Three (1987l

Rainfalls and Flowsiñffiffi:n River North Branch catchment at theffilffit 
T$"å'rt¿iå$l,ffi

m**X¡*rt#îgifib+äh'$Hä"hr,r*..ffi:Ï'rse;ñ
Earlv winter rainfall in the lake sysæm's eastern catchments was also low and the water

í#rT did ffi ,¡ö"öri;i*rlvî¡oué irré curvert inverr lever until Julv 29rh.

The culvert was to have been closed on MondaV '¡lugUst 3fd' However' due to an

;¡gfffin$rg;H**+;þ#"##'äi'#{årirat
Due to well below avefage rainfall,^there was Do flow-o-ver tþ caupway io 1987' The

ma¡rimum water b"ä"å"ritåîüîéa7;L g"ofnsl, Q..2lm above the cúlvert invert and

,.gzmbelow the top of the *ur"*.y." Tttis-ñ oi tz september, four days after the

culvert was closed.

ïhe total flow through the cqlyg4 was only 155,000 cubic metfes of water and 17'300

ûonnes of salt, far less than in l9tó'

The rerease of this water is estimated by the water Authority lo have lowered the water

level of the lake ,Vi*ñ'ãìtiolt"Ur"q"rn:t months by approx 0.03m.

There was no significant variation in salinity of the ouúlow water during the period of

öãil;ott ".ÍrË'*i *itnio tle ranse tít-tl6ppt'

There was no bacrdlow from the North Branch of the Avon River into Yenyenning r¡kes

during 1987.

ii*'S.ihg"g,f åiåiËiffi l',:'.b$ïf'ÏåH
the salinity tZOPPt Crabb 5).

ffiir *iixil tbi'.î i.ï Jrxu
ffi,*tffiffi#åsar orr¿ke son i,,.l-eaz *ã, à[pro* i]i,,\.r* i"
September.

Conclusions
The previous year of study had dem-onstrated tlrat, þ some years at least' some benefit can

be gained r., op""ninirliräË;'F; r,F"d "átty^]1yinier. 
This is due to the fact that

in some years the safjnity of the wate.r atihe causeway is higher at the onset of winter than

later in the season. rn tú.re cir.umrt"icer rot"-øt "can ¡ã¿ischarged per unit volume of

*"tti.t the beginning of winter than later'

*i,i'*::,"1y*,11Ë#'#,îiïHå'ïåËå,1i'1"ìli-*'*'Hü3'å'Jffi
ffi,+j:ffi ff rf iriX'tr#"îJrugi,*,Sff 'ffiìî.rffi '*i,*iJTtvorumeor
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Table 5. Salinity (ppt) profiles of I¿ke 804 (ski kke) From May 198? to May 1988'

D€pth M¿J¿ Ju Iul Asg þ Nov Dæ @ MaY

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

120 119 tr7 114 89 122 r43 130
r30 135

tzl 119 t45

r43

tt7 115
106 t22

t20 119 118 l:t
108

6.4 Year Four (1988)

ïf *'*iåffi ååï"Tßtï"&T#3ffi -:(Ë!þ1eruii!trË:æ,ö^$'#
*n:tråffi 

'$*åÏl#"g*;"1'îli*t"fmna,I"*wingsomeenquiries'tbe

ffi River North B¡anch catchment at the beginning of the 1988 winter we¡

season was above average.

Bv June gth river flow had reached the prescribed minimum rate and the Quatandary

õ'rossing culvert was oPened'

Rainfall ín the lake sysûem,s eastern caûchments in 1988 was average, however licle flow

re.sulted.

The culvert was closed on Monday August lst'

Because inflows in 1988 wel€ minimal, the lake qlstem- water level did not reach the

culvert invert level until early Augu¡iîtó-tit""- o.fr:'*" culvert was closed (Fieurc 8)'

There was, thereforc, no ouffiow at tnå ðã"t"*ãV duïng 1988 and no salt was flusbed'

Ttre salinity at the causeway was 96p'pt on August 8th'

There was no bacrdlow from the North Branch of the Avon River into yenyenning lakes

during 1988.

KiLoJ"if ü##få'"ià.*,1'ri#S,ä"ätrÜ
remained u.ry r,ijir",'äi'-î¿zîñi. Milñ;-*.tet level (approx l.lm) and minimum

salinity (?çppÐ *å* tä.ftø'iñ S.pt"ñU"t. Èy ttre Ueginnlig õf summer' sudace salinity

hrd ãd.ù tfietí to;;l higi iével'of 137ppt, ãpproximately 4x sea water'
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profiling in september showed that the salinity of water near the lake bed was approx 50%

hisher than that of surface water. fowards 
-ttríe 

end of.October, salinitiqs^were very similar

li?ËJ'fril, ilå,iäãb"ñt and this pattern continued o March 1989'

Table 6. Salinity (pÛ) profiles of I¿ke 804 (Ski I'ake) From May 1988 to May 1989'

Dspth Miy Jul Aug Sg Ost Nov Dæ hu Eeþ Mar Úv

r07 t37 152 >153 150 r3770 1310.0
0.1
0.2
0.3
0.4
0.5
0.6
o.7
0.8
0.9
1.0
1.1

135 150
> 153

142

153
ral

131

Conclusions
Bocause the lake system water level did not reach tbe culvert cease-to-flow level until laæ

winter - some t ^äãri 
ü-*as crose¿l nõ-oe* information on the usefulness of the

existing structure ilffiåi,oi täilrõiút-õr satinities was gained from this fourth year of the

study.

It should be noted, however, that if the culvert invert level had been lower' soÍle highly

saline water coutd ÑeË; tefouø i,tióito lst Aug*t, qougþ. t{is yoyld have been at

ñr*r;p"o oiãnão-roiei-waleiiè"ets'ao¿ a more r4pla riæ in ulinity during summer.

6.5 Year Five (1989)

Rainfalls and Flowsffi River North Branch catchment 
" 

*' 
Hffllorfr"I* 

tf.fåiffi HJ"*o *ã iUon" 
"uttage. 

By June l6th, flow in this bra

æñb.d rate and the ðulvert was o'pened'

Due to heavy rains in the lake system's eastern catchments in late v"y 9f 1989' the water

level in the lake ;tJem'**.s ;ítäd)';bÑ; the culvert cease-to-flow level when it was

qJntd'*d oumo#U"gan immediaæiy (Fieure 9)'

The lake system water level continu4 to riry rapldly Td on June 28th over-topped the

ff #til#"Sl¿rru,t'ff f å'f3--:kil,'f S,'å'J,ï3'ffi flf #:gi
ñìË uiñiiv or 2.7 milion ðubic metres per day'

The culvert was closed on August 8th, however flow over the causeway continued until

September 17th.

The salinity at eualandary crossin_g was high at the commencement of oufflow through the

cutvert but decrinäöräli'ið"ã3'ppt-ón iunè 23rd and lgppt at the end of september

(Fieure 9).
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An estimated l.l million tonnes of qlt and 35 million cubic metres of water were released

from the tates into îne-i;ô-Rd;r_d;rid iqg9. Th"se wgre the_largest.ouftows of both

satt and water ¿utinäïe ñt* of the fivð. V:t topy (Fizures 13 & l4)' Importantly,

onlv 2. r % (e3O,dË.i;i.î;ñõ."îih-t di,,äñãetd itþti but. 3' r% (34'200 tonnes) of

irü¿ilïäsã"ril;;ö'ärrÃ-ã-'tnto"th tú ¿"Ñerr prior to the lakes over-topping the

causeway

No backflow from the North Brancþ of the Avon River into yenyenning Lakes occurred

durine 1989. O"rflñ ì;ó;.rú;ùt -"? lô irpøø ro some (uñcalculãted).extent from

äöiË'Íuiá"íd rg",h-J"ty i5"rhÑatrt -rävet 
i" the Avon ço¡tiquousllexceeded the culvert

ffiïl;:,f *li#,Æmill";"llr'î"n'*"ilÎ;f ,ft ;l,l'3'iÍ":g'li#"i
level.

I¿ke De,pths and Salinilie.s ^^ .

The warer depth iffi804 at the beginning of May 1989 was approx 0'1m and the

salinity t37ryt (Iable 7).

ï-:Jiäonl*"1ä:"$#,Ëå#oÍ[iT.îuiffi tr#dË:'trffi Hi''f 'iflyi'"ffiìË;'ä;lüd*liñties t€õtded during the entire six year study'

prcfiling of I¿ke g0A ftrom -sepæmber 
to December showed that re-dissolving of the

;rñ"llti" ;"ft d.,q;ño;út; U.dof the lake again occurred, as in previous years'

Tte dramatic drop in salinities in Febnrary 1990 was due to h*w, unseasonal rains (see

6.6 below).

Table 7. Satinity @pt) profiles of I¿ke soA (ski lake) From May 1989 to May 1990'

p€pth M4t¿ Jus lul aU s4 oçl Nov DÉ Eú Mar apr M3J¿

r37 2t l0u3124t60.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
t.2
1.3
1.4
1.5
r.6
1.7
r.8
1.9
2.0
2.1

2t

6

;b ::
25ä'324l9 19

9

6

15l
30

t+g i¿e

10

>153 ..

47
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ffiffinff åTJiÍilr*ffi'ff* 
that high fiows fouowing bettgr+lran-averase^

;;lñy ñ p.,ri."r.;;lt,r,ó"i¿ " nffi:l#*1iùü#ü,t#;i fåti#J
of the causeway may tiake an insignifi'

#i##,#i.¡,å:f $,,f, tråff#*åfr1i*Jffi iliJli"iä'ä;'iil

6.6 Year Six (1990)

) of January 1990, very leavy 
rainfalls in the lake system's

eastern catchments"äu"ä-iõrt"oti.r inflows to ocõur. fhe water level at Qualandary

crossing - which ü;ñ;Jt nign it g.t ;st immediately prior to this event - began

rising tã'pidlY (Fiesre l0).

r¿te on January 29th or early on tb€ 30th an unauthorised person opened the culvert and

oudlow began.

Thelakelevelcontinuedtoriseqndonrflpary3rd,fourorfivedaysafter".ffi.Tiå3;
culvert, now comileiõd onèi tne top õf ¡¡" áusega.y. The water level pe

msl t0.26, auouä-"tË.äuiã*.yl õí"-itrÑ;ty-¡trú and the flow rate-at this time is

e.stimaìe¿ þ have brr;n} million cubic metres per oay'

Flow over the causeway continued until 15 March. The culvert renained open until about

the same daæ.

HË,ffirH##HffiïiTi#ffi#ffi 
ffi"tuffii

Tlre total volume of ouúlow was 35 million cubic qgtry-s-and the quantity of salt discharged

rdit"H;'br;'ffi ffi ';;at'.'Lm'$"r*'å'ffi h:j"ff ,trlffi#
prior io the lakes overtopping the causeway'

No bacHrow from the North Branch of the Avon River into yenyenning l¿kes occurred

during ,u,o-"r-.uñ;'1-99o - ortitJ* from the culverr rúas inp€ded to some

(uncalculatedl ,*tJoiïörãgtú--ro-liiläü"..y .n¿ ott to z4thFebruary as the water level

t ffiÄ*" ñfiffiiy-exc"tdár oäõ"r"oí.o'"-t"-now level during *'î#å*;.1ð
avefases of 0.18 ä"*"fO.äg m reqpectiuet'. On l5th February.tu inoo I
ffiili;ä ää; Ëö öõt b.to¡* the cãuseway cease-to-flow level'

Winter Rainfalls and Fl,ows- -trffiEeTväñ;iñNorth Branch catchment at the teginninäffiJ'at: 
rå:nmt*tãn *.t U.to*ãu"og". However, by July.l8th river

oäii*-u* .up -¿ìttã-õrá-¿uty Cóssíng cúlvert was opened'

At this time, the water level in the lake system was hieh at 9'71 mSL - well above the

culvert cease-to-flo; Ñ;i --d* to nîiytiä;-il*i"g n{ø 4 lebrua.ry' .oudlow through

the culverr thereiäå bd; ìrrøäirii -d òòntin'ued until the culvert was closed, on

August 6th (Figure 10).
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Hgïïi.i,ilEîtrSårå3î'üqi**ifl *.,irî,Ëi"å.fff *iï,iii'"ü,?öi'T
below the causeway ,åre-io-flow level) on se,ptember 2nd.

There was no bacHlow from the Nonlt Branch of the Avon River into Yenye*qg !*"'
durine winrer 1990ã]å iËilõiÈ*t io trtJ Ànon was below the culvert cease-to-flow

i"îJãutiolitr-e entire perid of culvert oudlow'

fiÏ,äffi#s, iïir; J*î'$#i ffi r',F;li'ary*ties 
increaseir w ith depth'

I¿ke 804 salinities rose from np tog of autumn to winter in 1990 (Iable 8) due to low-

volume winter innoi,"i.iA-*"tir"rd ãÑó¡"t"g-of lake-bed satt. 
-By 

the beginning of

ffiåffiiäà'ä"*"-d;iñ-.'iñdy 
inaiõr sea-water and by riúd-sumner it had

Table 8. Salinity profiles (ppt) of I¿ke 804 (Ski l¿ke) From lvfay 1990 to Mafch L99l'

D€pth MaY lus Aug S@ A$ Dæ Iss EÐ llar

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
t.2
1.3
t.4
1.5
1.6
1.7
1.8
1.9
2.0

99885l3735

3725

5935

;ì

30

36 37

Conclusions
The sixth vear of the study showed that opporn¡nities to flu-sh highly.saline waters thryugþ

,hJ.',iî#Jänirdtä"ly ;ffiäi.Ë-rtttúä will occasionallv adse-durins summer. Such

rereases may be damtging to the Avon-Riv"er -osystem however and shõuld not be made

unless this river is also flowing at a suitabte taæ.' Fortunatelv this was the case in 1990'

From 29th January ä"ã"äï;bñt.ryj iú, Ñód;i unãuthorised release through tþ culvert

;"äi"il:fk'åîi#f#i=f-H;.'"ffi î;,,åy,i:'::fffi-"åtr1k#i*"å
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between 1.0 and 8.6 miltion cubic +"äì.ffii,S:erff ffif;¡ 3|ft 
culvert discharge on

nr otinitY at Brouns Farm can not be

The sixth year of the study also demonstrated once again both tbe flushing effect of high

frows (in this *rr,'ãffi""qr.rt¡ .n¿ tnr short terñ sart accumulation that occurs when

iliü;;iir rhil *i";ã;ffit;iffÐ are insufficient to overtop the causeway'

7. SI,]I\,ÍIVÍARY OF RDSEARCE NIì{DINGS

The l9g5-90 study has shown that although stratification does not occur at Qualandary

crossing, the saliniry-oiï;;"'*;rnioÈ-ñã cause*ay varies significantly during most

fi[ing periods.

The usual pattern is that f€mnant waten at the err{ of autumn are highly saline' As water

levels rise with *åyïñdi"flo"', -* tn9 *ü"ity tt q" causeway dbcrease's' In the'se

ffi ffi#il;î'r:ff f;întg"lliträ*riy*l'ì'ff'i"ü""i'Plff ilü#:
rpached its mærimum.

In vean of flow over thecauseway,-opening the culvert for a period early il winær allows

;;r;;Ëi;'tî ,ll"^r¿, with tto eæií on'søuq,tcr, ßtn¡ncrlawmn)-water lcvels, than

would be the c"r" ir-tnJôulvert *alnoi od;rd, ór was opened later in winter, when warer

is flowing over the causeway.

rabre e. 3:*nffiifi*ïfi,î3'äfrî"iJ"*l gîg.gî:H"si;,'å.1ffi*o*

Oufflow
perid

1986 (w)

1989 (w)

1990 (su)

Water

Volume thnt
culrærl
(1Oomr)

1.9

0.93

0.49

% of total
discharge in
flow period

(A)

25

Salt

Quantity thru
cul*ert
(10r0

48

34.2

29.3

% of toal
discharge in
flow period

(B)

30

Ratio

Ratio of % salt
to % watst

(B/A)

2.1

1.4

3.1

6.0

t.2

1.5

4.3

In some years (but not all, see 1987) of no flow over the Causeway' the.same strategy may

ilË;';irää) öbe released with no gláatïy loryering oÍwater'üverthan would occur if
;h. *ln" 

"*óunt 
of water were released later in winter.

7.2 Conseguences for the Avon

The above strategy is not entirely dissimilar from one of simply openþg the.-culvert at the

end of aurumn ti.". ueiõre-*ioi", rainiito drain remnant waien-. A crucial difference,

however, is that d',^ñil;Ëõ* ;,i"iá rains occur would usually result in a slug of
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extremely saline water being released i¡to the Avon River at a time of no river flow. lhis
could be very damaging to the Avon River system'

ft",l',f :;niJ,i',{"Si*'H"T'ffiJå'lî',-*åffi å'"îiÏi"ti',.l;f iåië¡öii
*:#:å r #i*',hx'l;'"J $# ffif r'iffiffi îi#s;, 3i.ffi ffi
ñ'riù*äãr *"i.riä-*iáot irom the Yen-yenning'Iakes needs turther monitoring.

7.3 Cost-effectiveness of outflow management strategies

rhe1e85-e0'o*S#,3f,ff å"uJ[îî1r$iÏ"S:"iäf ffiîS'1ffi 1åä:i'*å'ffi

ffi#i',iìffii,:,*mf"ffnsffii"lfrHrirru;tr*si":#';i"Ë."¿ ópening'an¿ cfoJure of Oä culvert gate-once per yea¡) need not be gf€at'

Data from the wafer level, ogdlow and salinitv mCIúÛ1*I 
åäffi,ä 

tffå;| *:rïfrioiõññe management of óufftows coqld increase the ¡

#*'¡#*amtro,iím"mrrourx"ç,*roS'*'sgiiì*.$åäi
-¿ "fttt tu'oiog' of cuþèrt õpenings and closures'

7.4 Effectivenqss of the prc-1992 culvert

rhe 199G95 study bas indicated.that, while the managemeît strategy e-mployed gutiog.thit

Ë;"d;-;;õd ffi'q.r""ùãi^ ä,atlete achievú wer€ very amall when vþwed in a

lons re,.' contexr tö î.jËrã*1, dd tó ñ ñatt size and high cease-to-flow level of the

sin!'le, prc'19.ft2 culvert.

For the management stfategl Ûo-produce substantial gains, larger culverts @rcferably

iJuìoii, *itn ioleicease-tdftow lêvels, are needed'

7.5

ffi{.#ïl$#J¿¿#m'tr;mtr*F'¡r#'Ëi}r'H"HtrffiiJ"tr
;irt"t ttSt änd su--er 1990) through the lake system'

The fact that highly effective, naq9l flushing doe¡ neriodi*lly.occur needs. to be borne in

mind when coosi¿etiiC tË õrtãfttre managõment ftcommendations presented below.

?.6 I-ong term accumulation of salt in the lake system

A concern which is frequently raised is that the presence of the.cauqew3y.qay k ?ytiog
ilröïñ-d"-*"l"tióãirsalí and, as a consequehce, a progressive rise in lake salinities.

As expliained above (7.5), despite the causeway, natural flusþg of the lake. system to base

üii'î,iï"är;iui;,ä;í't".!Iiþgg and 1990Í-though less.frequently than.if the causewav

#J #;;ä;î b*;Ëd" Tt fouo*s that dúring iniervening peri*s. the lake svstem salt

r"i¿? iääõrä ñiËñèiläuãi"tt- it otherwise lould, but may still be expected to return

ió á similar base leveil following each flush'

4 Unforh¡nately it is not possible to reliablv estimate total salt loads for the Yenyenning

i"k;;"rtñfãi't¡óË ili'rñffi;Ëniu"ttryrétric and salinity profîle data for this task.
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saliniw data for the period rg7g-rgg3 also tend to refute.the hypothe.sis of long term salt

iffiäürää:"ri;i iú; crió,ã 71.¡ 9 cy:g1icar trend with peirls fgugyu.rs vean of row

rainfa¡ (eg, Lg1g, íggs et al) and toouäËr-íonã*ing v*tr-ôi'niít oi"r.u (e?.'tggg, tggg

and 1992).

It is possible that base saßnties are somewhat higher with the causeway than without, as

with the causeway 
"fuú.lly 

rtt-i"no*s .te from tñe easte¡n catchment whereas without the

causewav sienificanil;öå *Ñd b"-t*"ived from the (possibly less salty - it used to be)

Ñortheni Brãnch of the Avon River.

8. RECOMME}IDATIONS

In the lieht of the knowledge gained from this study, the Yenyenning l:kes woúing

Group r&ommends the following:

D The cauæway at eualandary Crossing be maintained at its present heigùt QLO.66

mAIID).

ü) 
#"(3å? îôff:îffiii,#*r,H"îr¿''*"Ëîå"åffi iifrr# i Ï
ffip,'åîxÍ'tlr,*å*,tm:l'llllå$xxx,':"xçg:lreaches15x

üi) The flow monitoring refeqred Ûo in ü)abovecontinue to be underaken-by

;ñ,.,;;fiË8,;n9il"y shirc õoltr-ci, utif,sing the sause board installed under

t¡e vincentîff'bl.iìiÉt t Ñr;iriri,'thitF p"d(de required fiow rate

equates to 0.2m on this gauge)'

iv) In the event of significant inflo* t9 thg-Y. enlenning l:ke system occuning

during ,"-ñ;; tñ*rhs,tne_nevertey shire öouncä seek Waær Authority 
"dYtf

ano conrultî-fo t¡ã-Ãúon niu"ilrtá*ærent Authority concerning the possible

;p"tt"t of the culvert to release saline water'

v) 
ffiffir##13ìîå"Ír",f;"w*fffü'åif":irt:ertonrv 

beunderakenbv

vi) å"i""î,3íî*:t:ffi'.1îff'f,ìäåhHî3åsffi#ffi**l#*
Propos'd at vü) below.

vü) älî,ti:'ì"i:î ffitråî:î',#$:ilübil"îö'J8üiåiii-3j"Ë,üiiüff"
salinities ñ Ëieãy;-ñg utes an¿ in the Avon River (at Broun's Farm and

ntttftér downstream), on an annual basis'

vüi) The v/ater Authority provide data and technical support for the annual reviews of

vü) above.

ix) rhe water Authoritv modifv the existing t*"tdffi,,X'ffi ?i$f#Hrs aboveu-' 
õiãttiog to ensure *qt¿"¡â-of water levels'.111

the new',u*ü,i Ñ;Ë""t (7.234 mSL), as this information is essential for the

annual reviews proposed at vü) above'

x) The V/ater Authority continue to monitor salinities and depths in I¿ke 804 (Ski

I¿ke) *ñiir'5¿iñiy i.tUittg io be undertaken on at least three occasions (August,

October and December) each Year'
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xi) A meeting of representativglof the Beverley Shhe Council, Avon River

t"tanagemäil títdtity an¿ W¡' Water Au.tirority be he{ in 1994 q clgtly
id*ttft .,[ä96-"ffi iú" rol"s and r"sponsibilitiés of each organisation in i) to x)

above.

xü) Beverley Shire _Counpil give consideration to installing additional gated culverts

at euafanã¿ñ-Cró;;irg 
"if anã *ne" o.n'ngnrni$9s arise to do so at an acceptable

*rt. niäiå inrüu"iíon, w.rct nuttrôrity qdyice shou-ld þ soçþt concerning

culvert *fti¡*ti"* and þtaceotent, partiðuhrly the selection of the most cost-

èffectine culvert cease-to-flow levels'

xüi) The Beverley Shire Council seek Waær Authoritv advice prior to undertaking

*y*o.tiitii-r,ää"äiäñ-nttäiñ-df t¡Jq""t-d.tytrossing.

This report completes the work of the Yenyenning I¿kes working Group which is now

disbanded.
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I I. APPEI{DD(

In May tggz, the Beverley Shire Council replaced the gated. culvert- at Qualandary Crossing

*ln óotitei,'lrrger, culvért. A worm-drivé gate was lãter installed to control flows.

The new culvert has a cross-sectional area of 1.440 
^2 

(tZW x 1200 Dm), ?.5? *grcater
nã O.t oitfn former culvert. Its greater size will allow mor€ water to be discharged in a
given time period than was previously possible.

Its cease-to-flow levelis7.234 mSL, 1.640 m lower than that of the former culvert and

î.lAô- ^ b"to* the causeway cease-to-flow level. Its lower level will enable water to
Uà.f,no* irom ttre Avon Rivei ino the Yenyenning I¿kes more frequently than prc-1992.

Earlv in 1994. the Beverley Shire Council had a trench excavated upstream of the new

*ttårr" it ir äppt"ximately 550 m long by I .t yt¿.t and at its eastern end is about I m

Ueio", Oe lake ^tisd. This áction, togetñer-with the lowering of 4g.c¡rlvert- oufflow. !gn-tl,
;läp"r.tt nõ retease of take waier ãt bwer levels - and higher salinities - than prc-1992.



Photograph 1. The Yenyenning lakes, October 1978.

Photograph 2. The Causeway at Qualandary Crossing, October 1978.



FIGURE 1: Location map
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FIGURE 3: The YenYenning Lakes
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FIGURE 4: Gross section of Qualandary Gauseway
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FIGURE 5: Depth proÍile of Yenyenning lakes
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Water levels, outflows and salinities at Qualandary Crossing in 1990.
Summer: culvert opened 29/1, closed approx 15/3. Flow over causeway began 3/2.
Winter: culvert opened 18/7, closed 6/8.
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cease-to-flow

Culvert
cease-to-flow
to May 1992

Fig.1 1 Depth of Yenyenn¡ng Lakes, 1978-1993.
Nb: (i) lakes over-topped causeway in 7 winters & 1 summer during 16 yrs.

(ii) lakes reached culvert c-t-f level in 15 of 16 winters.



Salinity (ppt)

86 87 88
Study Period

300

250

200

150

100

50

0

Fig.12 Salinities at Qualandary Crossing, Sept and Nov each year, 1979-93.






