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SUMMARY

The problem- of siltation is inhcrent in the Canberra
lakes scheme, currently under investigation by the Works
Department, Canbcrra. Soil conservation officers have
indicated that streams within the Molonglo catchment will
carry a considerable load of silt in flood with conscquent
rcduction of storage capacity in reservoirs; the prescnt
report carrics the investigation a stcp further; 1t discusscs
siltation of proposed rcscrvoirs and arrives at a preliminary
estimate of likely siltation ratcs.

Therce arc three principal methods of dectermining
siltation rates - the application of cmpirical formulae, thc
measuranent of actual silt load in strcams and thc comparison
between catchments, The first mothod is too inaccuratc for
this investigation. The most rcliablc cstimates arc likcly
to comc from a combination of the sccond and third mcthods.
Howcver estimates of siltation ratcs oh the Molonglo can only
be detcrmincd at prcscnt by the third mthod bocausc no silt
measurements have been carried out in streams within the
catchment. Measurcments should begin as soon as possiblc
to provide an evecntual check on prcscnt cstimatcs of siltation
rates.

_ The reliability of ratco dctcermined by the comparison
of one catchment with anothcr.in which rescervoir siltation has
been measured, dcpends primerily on the similarity between the
basic charactcristics of thc catchments conccrned and, sccond-
1l¥sa. on the corrcctness of adjustments made to allow for
diffcrences in onc or morc of thesc basic charactcristics -
size, climate, strcam charactecristics and supply of silt.

The trap efficiency of rescrvoirs must also be taken into
account. Only sizc of catchment is amcnablc to mathcmatical
adjustment; the adjustment of other fnctors is largely sub-
jective and hence the method is not precisc.

In the timec available only two catchments, in which
measurcments of rescrvoir siltntion were availeble, could be
found with basic characteristics sufficiently closc to thosc
of the Molonglo catchment to providc uscful comparison. .Thesc
are thc Werribce River catchment nbove the Melton River in
Victoria and the catchment of Cunningham Creck above the old
Railway weir near Harden, N.S.W, Thecse catchments were
examined in the field and compnrcd with the Molonglo catchment.

A Dbrackect of possible rotes of siltation in the
Molonglo is derived by refining thc comparison of catchments
in a number of ways; ratcs derived from the Wwerribee catchment
are regarded as more reliable than thosc derived from Cunning-
ham Crcek. Estimates of annual siltation in acre fect and of
the + and 2/5 life of thc proposcd Acton storage are given;
the 2/5 1lifc of thc storagc is possibly thc eritical point
beyond which the ornamental and recrcational functions of the
lake become really impairecd.

The results indicatc that siltation in the proposed
Acton storagec is likely to be of the order of 50-100 acre feect
per year; within that range, 60-70 acre fect per yecar or a
2/5 life of 50-60 ycars is suggcsted ns a precliminary estimate.
These estimates are based on present conditions within the
catchment; varictions in climate, land use or rabbit population
will obviously affect siltation ratcs. The importance of rabbit
control as a means of decrcasing siltation is emphasiscd.

Although the Yarralumla reservoir promises longer
life because of additional storage, it is very doubtful whether
this applies to the critical arca of the lake which lices in



the city, toward thc heed of storage. Possible diffcrcnces

in the pattern of siltation betwecn the alternative rescrvoirs
are discussed with the conclusion that as far as siltation is
concerned, therce is no present basis for prcferring onc
rcservoir to'tue other. Howcever, investigotion of diffcrcncecs
in siltation between alternrtive storages should be attempted
on the proposed model of the lakces scheme.

Prcliminary cBtimatu8 indicate that siltation will
bc a major problem in the lake schemec. Rcmcdial measurcs lie
primarily in the ficlds of soil conscrvation and land usc but
cngincering methods of trapping silt may be important for
immediate control. It is suggested that the dredging of sand
deposits from deltas at the head of storage could serve the
double purpose of assisting silt control and of providing much’
of Canberra's future supply of river sand to replace deposits
to bc submerged by the proposed laoke.

INTRODUCTION

The Lakes Scheme on the Molonglo River, originally
proposed by Burlcy Griffin in his plan for Canberra, has bcen
the subject of o number of investigntions in the past; none
of these has been carried to a conclusion.

The newly appointed Naotional Capital Development
Commission has initiated a vigorous programmc designed to
collect sufficient data on the Lakes Scheme to review properly
its efficcecy and cost; investigations in thc spherc of
engincering arc being carried out by the Department of Works,
Cenberra, with the co-operation of the Burcau of Mineral
Re¢sources in thosc aspects of investigation invceclving cngin-
cering geoclogy.

Onc of the problems inherent in a lakes schemc is
that of siltation, which has itself a number of aspccts;
principal among these¢ are the charactcer and severity of
‘crosion in the eatchment, thc cstimation of probable rates
of siltation in proposed ‘storagcs, and rcmcdial measurcs
such as soil conscervation; silt traps, ond design of weirs
and flood gates. The first of thesc aspects is covered by
rcports on soil crosion in the catchment by soil conscrvation
officers of the Agriculturc and Stock Section, Department of
th¢ Interior and of the Soil Conscrvation Service of New
South Walcs (1958); the present report deals with the second
aspect - the estimation of probable rates of siltation - with
scme ccntribution to the problem of rcmedial measurces, which,
howcver, will be morc fully covered by engincers and soil
conscrvation officers.

The investigation by Soil Conservation officcers
suggests that all threce streams involved - Mclonglo, Quean-
beyan, and Jerrabomberra -~ will carry a considerablc silt
load in time of flood; this is a sufficicntly clcar indication
that the siltation problem is rcal and that investigation nccds
to be carried a step further to estimatec the probehle silt-
ation rates in the Lakes: from thesc can be gauged the
preobable effect of siltation on the life of the Lakes as
ornamental or recrecational featurcs.

The feet that the site for the proposed weir in
Canberra is itself under current investigation causes little
complication in the study of siltation becausc maximum
storage lcvel has been fixed at the 1,825 foot contour level
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and because suitable weir sites have been restricted to a
two-mile strip of the valley from Acton to Yarralumla.

It must bc emphasised at this stage that the
setting of a deadline for the completion of all pertinent
investigations at the cnd of September has meant that results
have been sought by the quickest method and conclusions based
on the data obtainable in the time. This report is, therefore,
a review of part of the siltation problem, not an exhaustive
enquiry. '

The assistant of colleagues from the Department of
Works is gratefully acknowledged; moreover, notes on siltation
made by Mr. F. Waitt of the same Department, in a previous
investigation of the problem, have proved very useful.

METHODS IN SILTATION MEASUREMENT

GENERAL

Ratecs of siltation®¥ in proposed reservoirs may be
estimatcd by three principal mcthods:

(a) Estimation by applying empirical formulae mainly based
on the rclationship of storage to catchment area; this
may be refined by allowing for trap efficiency**.

(b) Estimation of the silt load carried along the water-
courses, modified by allowing for trap efficiency,

(c) Estimation of siltation by c mparing the catchment and
proposed reservoir with catchments of existing reservoirs
where siltation rates have been cstablished by measurement..

These principal methods can of course be refined
and the most reliable results cre likely to come from a
combination of (b) and (c); consideration of these¢ principal
methods is, however, a suitable starting point.

As regards estimation of probable siltation in the
proposed Molonglo storage, method (b) cannot be applied as
yet becausc there has been no silt-sampling of any of the
streams concerned. A number of turbidity measurements have
‘been made, but consistent silt sampling over at least two
years is required before silt transported in suspension can
be estimated and the calculation, using these figures, of
probable bed load can be attempted, and then not with much
confidence.

Of the remaining two mcthods, (a) - cestimation by
the application of empirical formulac - may be dismissed as
too incorrect for this investigation; these formulae are
necessarily based on overseas catchmcnts and silting rates
becausc insufficient mecasurements have been made in Australia
to provide empirical formulae of our own.

Considering the numerous and varying factors such
as rainfall, run-off, topography, geology, soils and thec
scverity of soil crosion, which determine siltation rates
in any one arca, it is obvious that cmpirical formulae would

o - » 2o arra vewomr oy i e - -a

» The terms "silt'" and "siltation" rcfer to the whole range
of disintegrated rock material transparted by strcams.

% Trap efficiency is thc percentage of the total incoming
sedimentary load trappcd or retained by the reservcoir.
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only be likely to provide reliable results where thcy are
based con catchment conditions similar to those of the catchment
under investigation. It is true that with refinements, the
method has its uscs; Witzig (1944) cxpanded o method used

by the United Stntes Scil Conservation Service (Eakin, 1939)
and provided a formula based on measured siltation rates in
over 50 rescrvoirs in the United Statcs of America in which

an cssential factor is a "rcgional index'" which takes empirical
account of regiocnal change in conditions. The method can be
useful in providing broad compariscns or first approximatations,
but it cannot be duplicated in Australia until the rates of
scdimentation in many rescrvoirs have been measured.

It is notcecworthy that siltation rates measured in
American rcservoirs (and quoted in Witzig, 1944) are, in
general, many times higher than the few measured Australion
rates which the writer has been able to collect. (Teble 1 -
sce page 5). Other overscas empirical formulac such as those
derived by Inglis (1942) and Khosla (1949), when applied to
Australian rcservoirs where measuremcnts have been made, give
high and indetermine”~ results., One exnmplc will suffice:
siltation has been measured in the Melton Rescervoir (described
below) as 116 acrc feet per year over a period noted for severe
scil crosion (Conden, 1951); 1Inglis' formula applied to this
catchment indicates rates renging from L6 acre feect per year,
if the catchment were rocky, to 510 acre feet per year, if the
catchment were largely covered with soil. It scems apparent
from this and from Table 1 that siltation rates are gencerally
considerably higher in Amcrica and Lurope than in Australia,
presumably a conscquence of contrasts.in climate, topography,
and population.

In fact, considerable arcas of our reservoir
catchments arc still under . virgin forest cover; areas of
segvere soll erosion normally constitute only small percentages
of our drainage arcas; and the relicf and consequently the
stream gradients within our catchments arc comparatively low.

However, siltation rates may casily be under-
estimated where rescrvoir surveys are not complcte; Witzig
(1944) quotes examples, particularly that of the Elephant
Butte Reservoir, of early under~ecstimation of siltatiocn rates
because surveys werc rcestricted to thce headwaters sections
of the storages and did not take into consideration silt
already deposited in the remainder of thc storage, largely
by density currents. As regards siltation rates used later
in this report, the Melton figures result from complcte survey
of the storage; thc mcthod of survey at Cunningham Creek is
not yet known, but in such a small and lorgely silted storage
the error in estimation is not likely to be significant.

Siltation in the proposed Molonglo storage can
then be estimated only by the mcthod of comparing catchments.
In this method the comparative figures can approach accuracy
only if thc catchments compared have the same basic charact-
eristics. Thesc basic characteristics are: size, climate,
stream flow and groadicnts, and supply of debris or silt to
the strecams, which is a composite factor dcpendent on geologys
geomorphology, scils, vegctation, and land usc. An estimation
of gross siltation, based on such a comparison, needs to be
refined by teking somc account of thc probable trap efficicency
of the storages ccncerned, particularly where the storage
ratios are less thnn 100-acre fcet per square mile of
catchment.



TABLE I

COMPARATIVE,_RATES OF. SILTATION IN SETLLCTED AREAS

Original Storage Siltation per
Bogsrenin Cuphclty.per 100 sq. miles Source of
squarc mile of of catchment Data
catchment pPer year
(Storage ratio)
Acre fcet Acre foet

United States of Amcrica.

Lzke Cabot

(California) 1Ol 76 174
Whitc Rock (Texas) 159.28 119-136#
Lake Michie
(Durhom, M.C.) 7L 5L 17-26% .
Gibralter Eakin (1936)
(California) 73.0 30-300%
Zuri (N. Mexico) 31.62 110-121%
Lakc Worth (Texas) 25.0 57
Boyscn (Wyoming) 2. 07 13
Lake MeMillan .
(N. Mexico) L.09 1-9
Australion Rescryvoirs
Pykes Creck (Vie.) 300 90 Victorian
, . Rivers and
Hume (Vic. & N.S.W,) 212 20 Water Supply
: Commission
Eildon (Viec.) 204 2-80%
(Av. 15)
Burrinjuck (N.S.W.,) 154 6 Works Dcpt.,
Canbcecrra.
Mclton (Vic.) L. 8 Bl Condon (1951)
Laanecooric . Victorian
(Vic.) 8.75 2-11% Rivers and
4 (Av. 9) Water Supply
Commission
Cunningham Ck,
(N.S.W. ) 2.0 13,0 Hellstrom
(1951)

% Range indicatcs maximum and minimum rates where
measurcments have been made over two or more
specific periods.
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Since no two catchments will have, in faci, the
same charactcristics, the accuracy of the mcthod will depend
on how correcctly adjustments can be made to allow for signif-
icant changes in basic characteristics. One of these
characteristics, size of catchment, is amenable to a simple
mathematical adjustment; the adjustment of other character-
istics is centirely or in part subjective, so that no two
investigators are likely to obtain the same result.

However, propcrly used the method should indicate
a range of siltaticn rates within which the correct rate is
likely to fall, provided that catchment conditions do not
change significantly after the forccast was made.

ADJUSTMENTS IN COMPARING CATCHMENTS

Some note on difficulties in adjusting for size,
supply of silt and for trap ¢fficiency is pertincnt at this
stage.

Siltation rates are normally gquoted in acre feet
per squarc mile or per hundred square miles of catchments,
so that size of catchment is automatically taken into account,
in ccmparison. However, this can lead to error, particularly
where large catchments are compered with small ones, because
in some large catchments at lcast a significant perccntage
cf the drainage area may provide little or no debris to the
distant storage. For example, comparison of thc proposcd
Molonglo storages with the Burrinjuck cat@hment should be
ruled out on this scorc, because much of the headwater section
of the large (5,000 squarc miles) attenuated Burrinjuck catch-'
ment would contributc no bed load and probably littlc suspended
load to the estimated 130 zcre feet of siltation per year in
the reservoir. This 130 acre feet of silt would more¢ properly
be credited to a much smaller drainage arca along the Murrum-
bidgee and Goodradigbee Rivers and tributaries, upstrecam from
the reservoir; but without €onsiderable fiel& work no attempt
can b¢ made to asscss the percentage of catchment which is
likely to be, in fect, supplying the bulk of the silt. It
follows that comparison with much larger catchments than the
Molonglo one shculd be suspect.

Dealing with smaller catchments, it is possible
in some ceses to refine the comparison by relating siltatiocn
rates to restricted areas of significant soil erosion which
supply the flood load of the strcams. This in effect is
differentiating between the man-made "accelerated erosion
and the ‘geologic norm" (Eakin, 1936) and relating erosion
rates to the former. This has been done for thc Molonglo
and wWerribee catchments, but was not feasiblc for the
Cunningham Creck.

The same investigation, the delincating of croding
areas within the catchment, provides somc basis for comparing
the degrec of severity of erosion or the relative silt yield
of the catchment; admittedly, this is subjective, particularly
where no silt sampling has becn done, but where othcr contingent
factors in transport 2re of the samc order - climatc, river
flow, gradient and distance between croding areas and storage -
subjective adjustments for differences in severity of soil
erosion are clearly warranted.

Adjustments for trep cfficiency present even more
difficulty whcre storage capacity per square mile of catchment
is low, at lcast less than 100 :cre fcct, :.nd pirticulirly
less than 20 (original storage or ceffective storage after
arecus of siltation), an incrcasing pcercentage of soil load
is passed by the reservoir in flood. . For this rcason the
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gross siltation ratcs for catchmants are better ecstimoted from
reservoirs with high storage ratios; Eakin (1936) in rccord-
ing siltation rates in the United Statces of Americo, makes a
division between reservoirs of "higher capacity-inflow ratio
and those of 'Y“small capacity-~inflow ratio',

Additional factors offecting the percentrnge of silt
retained in a reservoir are the purpose and control of the
storage and the type and performance of flood gates. It is
hordly possible to adjust for thesc latter factors, but some
attempt must be mode to sdjust for trap e¢fficiency in rescrvoirs
with low storage ratios like the proposed Acton and Yarralumla
storages, which have storage ratics of 11.8 and 30.8 respectively.

The best wey to adjust for this factar appears to be
by apslying o formule derived by Brown (19uu) from a sct of
curves setting out the rclation between percentage of silt
retoined ond the storage rotic. This formula is:

CT = §1 —,Mumamiﬂunag’
1+ 0.1 SR

where CT = pcrcehtage of silt retcired, SR = storage ratio
(acre feet of storage per sguere mile of catchment).,

The method is, of course, rule of thumb and rcsults
are suspect, particularly for rcscrvoirs of vcry low storage
ratios, say less thon 10, but the fnct that the proposed Acton
storage would, by this formula, retain only 54% of the silt
delivered to it, cmphasiscs the point that neglect of this
factor is likely to rce¢sult in mislcadingly high forecasts of
siltetion rates. A morc rcfined method of adjusting for trap
efficiency has been dcveloped by Chunchill (sec Maddoek and
Borland, 1957, p.116) by relating trap cfficiency to a
“scdimentary index" which is the period of rctention divided
by the mean velocity; this releation, when modificd to take
intc account the size of the incoming sedimentary particles,
has promise of being the best approach to the determination of
trap efficiency.. Howcver, the basie figurcs. are not available
for the application of this formula to the Molonglo catchment
at present.

METHOD OF TNVESTIGATION

With thise points in mind, two rescrvoeirs in which
siltation had becn measurcd (Mclton and Cunningham Creek) were
selected as providing the closest parallel with conditions in
the Molonglo catchment. It is hoped that one or two may be
found and investigatcd latcr, but the timc available for this
rcview was sufficient only for the investigation of these two
catchments,

The Molonglo catchment was first investigated with
particular rcfcerence to soil crosion and a photographic rccord
made. Discussion in the field with Messrs. Durham and Hirst,
soil conservation officers, and thce soil e¢rosion map of the
catchment were particulorly uscful.

The writcr then made a reconnaissance of the
Werribee River catchment in Victoria and of the Cunningham
Creck catchment ncor Hardcn, N.S.W. ; particular attention
wes paid to the incidcencce of soil crosion and photographic
rccords were taken. The characteristics of these catch-
ments arc now bricfly described and siltation rates discusscd
as o basis for o forccast of siltation ratces in Molonglo
storages.
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REVIEW AND COMPARISON OF CATCHMENTS
MOLONGLO CATCHMENT

Although the locetion of a weir at Cnnberra has
not been decided, investigation has ccntred on two sitcs -
Acton and Yarralumla; 1in this report siltaticn is rclatcd
to these alternative sites. The maximum water level rcmains
the same in both storages, sc thrt the main difference
between the alternative rcservoirs is capacity. To scrve
thelr purposc as lakes, the rcscerveirs will rcmain full,
although crrangements may be made to drop the level of watcr
before an impending flood to help pass flcod watcer,.

Boasic figurcs for the Molonglo Catchment arc:

Arce of catchment
Average annual rainfall

726 squarc milcs
20-25 inches

Average annual flow of
the Molonglo at weir sites

.o

42,000 acrc fcot

Area producing major

flood load 78 square miles (10.8% of
Avecrage distance of these catehment)

arcas from storage 8-10 miles

Maximum relief in thesc areas + 2,000 fcet

Avcerage stream gradient-storage
to arcas producing major

flood load Approx. 4O fect per mile

Proposed VWeir:

PO =S R e R e

Acton Storage capacity 8,600 acre fecet
‘ Storage ratio 11l:8 gere £ts por sguarc
mile of catchmcnt
Trap efficicncy 549
Yarralumla
Storage capacity 22,300 acrc fect
Storage ratio 30.8 acre fcect per sgare
mile of catchment
Trap efficiency 76%

The Molonglo catchment, in general, consists of
moture valleys disscceting old land surfaces, remnants of which
persist as residuel ridges or gently rolling pletcaux on the
intcrfluves. Therce is unmistakenble evidence of olda land
surfoces and of very slow rotes of erosion in the geologic
past (Noakes, 1954). A fcature of the tcerrain is the depth of
weathering which greatly increases "erodability" particularly
in granite, volcanic and shale and limestone areas.

Under lying rocks consist of folded Ordovician sand-
stonec and siltstone, folded Silurian volconics, shalc and
limestone and considcrable creas of granite. Thrcc major
streams drain the catchment: +the Molonglo has its upper
recches in gronite and in Silurian and Ordovician sediments,
but closer to Canberra traverses relatively hrord Ordovician
sediments. The Queanbeyan River runs for most of its course
closc to the contact between Silurian and Ordovican scdiments
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with areas of intrusive granitc. Much of its catchment
overlics sheared Silurian acid volcanics. Jerrabomberra
Creek lies mainly in Silurian volcanics and sediments.

Soil erosion is not restricted to specific rock
types, largely bccause of the depth of weathering, but, in
general, softer Silurian sediments, sheared Silurian
volecanics and granite areas, tend to provide more silt load
than do the somcwhat harder Ordovician rocks. A large part
of the Molonglo catchment is regularly used for grazing
sheep and a large part of it is deforested grassland; however,
considerable areas retain their forest cover.

Areas of severe soil erosion which supply thc mojor
silt load to floods have becn worked out from the soil crosion
map and total 78 square miles, In this total are combined
the arcas of deep frequent gullying with verying degrees of
sheet erosion, and arcas of dececp infrequent gullying with
moderate to severe sheet erosion. Areas of dcep infrequent
gullying with only minor sheet crosion havc not been included.
Isolated patches showing significant soil craesion in the upper
rcaches of thec catchment should not be includcd becausc it is
very doubtful whether these would in fact contribute signific-
antly to storages at Caonberra.

These selected areas arc currcently eroding alt hough
erosion wes somewhat more scverc in the past when the rabbit
population was greater; however, imprcvemcnt in rates of socil
erosion due to decline in rabbit population scem much more
marked in thc Werribec and Cunningham Cetchment than in the
Canberra arco.

"WERRIBEE (MELTON) CATCHMENT

The Mclton Weir was built ¢n the Werribece River
8 miles south-cast of Bacchus Marsh, 35 miles west-north-west
of Mclbourne, in 1916. The weir was built by the Victorian
State Rivers and Watcr Supply Commission for storage for
irrigation; the structurc consists of a 110 ft. high carthern
cmbankment with concrete corc and concrctc spillways Spill-
way gates werc added in 1937 to increacse the storage capacity
from 17000 to 19,000 acrc fcet.

The basic figures for the catchment of the Werribee
River above the weir arc as follows:

Area of catchment

ve

L2l squarec miles

Averagec annual rainfall 25 inches

Average annual flow of the
Werribec at weir

48,000 ccrc feet
Maximum relicf in these areas 3 1200 feet.

Average stream gradient-storage
to areas providing major flood
load

Area providing major flow load

50-60 fect per milc

L3 squore miles (10% of
catchment)

oo

.

Average distance from m=ajor

eroding areas to storage 10-12 miles

Melton Weir

19,000 acre fect (1937)

LL4.8 acre feet per square
milc of catchment

82%

Storage capacity

Storage ratio

Trap Efficiency‘
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The Werribce catchment consists of wooded hills
and ridges in its northern portion, approximating half of
the total catchment, and gresslonds in the southern scctor
through which flows the principal strcam, thc Werribec.
The grasslands consist largcely of rolling platccu country,
undcrlain by Tertiary basalts, into which the Werribee
and its tributaries have corved valleys in which arc
cxposed Tertiary end older scdiments and igneous rocks.

The northerly vportion of the cotchment is undcerlein
by felded Ordovician slate and sandstone and in general soil
crosion from thesce areas is slight; in foet in this catchment
scvere scil crosion is largely rostricted to two arcas wherce
comparatively soft rocks have been cxposcd by the stripping
of Tertiary basalt cover. These arcas are thc catchment of
the Porwan Crcck west of Bacchus Marsh wherc soft Tertiary
scdiments - sandstoncs, limestones and clays - have proved
casily crodable and the Pentland Hills o few miles north-wcest
cf Bacchus Morsh where Pocrmiaon mudstones and glacigenc
scdiments, with somc Terticry scediments, havc provided a sccond
arca of fairly scevere soil crosion, although not as promincnt
as that of Parwen Creck,

So0il crosion in these two areas has greoatly improvced
in recent years, mainly owing to thec control of rabbits, but
the scars causced by gully and shect erosion, now lorgely held
by sprcecading vegctation, clearly indicatc the past cxtent and
character of crosion toward the end cof thc period for which
siltation retes in the stornge have been measurcd.

Siltation Ratcs

Mcasurements of the storage up to 1948 showed that
capacity had follen from 19,000 acre fcet to 15,400 ccerc feet
in 31 ycors (Condon, 1950). This gives an annual siltotion
of .274 acre fect of £ilt per squarc milc of catchment; if
siltation be restrictecd to thce areas wherc severc crosion is
cvident the annual rate becomes 2.7 acre fcet per squore mile
of sgverely croded country.

Somc allowance should be made for trap cfficicney;
Condon (1950) rcmorked that it secmed obvious that o consid-
croble amount of sediment was passcd by Mclton Weir during
flood. Based on Brown's formula for trap cfficicncy (Melton
84%) the gross rrtes of siltation in the catchment ara:

Wholc catchment : 0.327 acre fcet per sguarc milc per year

Arcas providing major B
flood load s 3,22 " n i & T 7 "

Comparison with Molonglo Catchment

Rainfall, relicf and stream gradients in both catch-
ments are comparable. Average annual strcecam flows arc of the
samc order; it is considered that no correction for this
factor should be mnde without very dectailed study of thc two
environments including silt scmpling, becausce the important
foctor in siltation is not average annual flow but flood flow
when the buldk of the sedimentary load is transportcd. It may
wcll be that the smallcer figure (L2,000 acre fcet) for the
Molonglo reflcets a greater 'run-in' in thce Mcelonglo catchment,
providing rcplenishmente for undcrground water, which would
affcet normal flows much morc than flood flowe.

The factors which nced adjustment in the comperison
are size of catchment and supply of silt from soil erosion.
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The size of cetehment can be adjusted by using the ratio

of the wholcu catchment arcas or of the arecas providing the
major flood loads. By coincidence, the resulting adjustments
are virtually the same bccause the eroding areas in both
arcas amount to approximetely 10% of thc catchment.

Adjustment for severity of crosion is much more
difficult. A compcrison is being madce between proescnt
egrosion in the Molonglo. catchment and past erosion in the
Werribec catchment. Comperison is possible because, as
explained above, the extent and character of past erosion
is still clearly cvident and, moreover, M.A. Condcn, who
carried out cngincering gcologv investigations in the area
during thc period of severc crosion, has assisted the
writer by comparing prcsent and past conditions of crosion.

The starting point for the comparison is that
although thcre docs not seem to be much between the present
rates of soil crosion in the two catchments it is fairly
obvious that thc present ratc within the Molonglo catchment
is considerably lower than that of the Werribec catchment
in the years to which siltation estimtes refer. Condon
(1950), quoting Forbes (1948), mentions that the Werribee
catchment includes some of the worst arens for wster c¢rosion
in Victoria. Thec proportion of the Werribee ratcs to be
applicd to the ,Molonglo in the immediate future is admittedly
1littlc better than an intelligent guess, but having secn both
catchments the writer considers that 50% of the past Werribcece
ratcs would be ncarer the mark,

It might be emphasiscd at this point that improve-
ment in soil erosion in the VWerribce catchment seems essentially
due to decline in rabbit population; a few small silt traps
were noticed but these were completely silted up. Erosion
rates will rise considerably if rabbits incrense; this applies
to the Molonglo catehment where rabbits are more plentiful
then in the Werribec arca, and where control of rnbbit popu-
1ntion must be recognisecd 28 one of the csscntinl controls
over siltstion rotes.

Gross rates of siltation in the Molonglo cntchment,
by comparison with the Werribee coatchment, may now be
calculated for both proposed Acton nnd Yarralumla stornges
(T~ble 2). These coleulations cre finnlly cxpresscd os % and
2/5 life of the stornges. It is obvious thot most reservoirs
cense to fill their purposes long before siltation is complete;
the calculations of the # life of ~ stornge is common procedurc
for this renson ~nd because siltation rotcs mny apprecianbly
change when the storage hos been so reduced.

In the Acton storage the lake will be naturally
divided into threc secticns by two restrictions of the
strecm valley; rough calculations by the writer, based on
the caprcity of these sections of the storage ~nd the likely
distribution of sediments suggest that o critieal point in
storcge capacity when the two upper sections cease to fulfil
their functions as ornamental lakes (silted up or 3-4 ft.
of woter), is likely to be re~ched beforec + life; o second
calculation, that of 2/5 life which secems morc realisticd,
is therefore included in thoe tables,

GUNNINGHAM CREEK CATCHMENT

A small curved, gravity-type concrete wall about
35 fceet high was built on Cunninghom Creek, 3% miles south
of Harden in southern-central New South Wales in 1913. The
purpose¢ of the weir was to supply water to the railwey depot
at Harden,
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Basic figures for this catchment are:

Area of cotchment
Annunl average rainfall

316 square miles
20/25 inches

900 feet

LO~50 feet per mile

Maximum rclief

Average strceam grodient

Area providing mojor
flood load : Indcterminate

Cunningham Crcck Weir

Storage

132 acre fect

2.32 acre feet per squarc
mile of catchment

17%(2)

Storoge ratio

Trap efficicheoy

The Cunningham Crcck catchment consists mainly of
gently undulating porkland (grassland arcas studded with
clumps of trees) with little forcst country remaining. The
whole caichment is undcrlcin by granite which although showing
a2 number of petrological voarictions, is normally deeply
weathered, providing plentiful debris to croding streams.

The choarocter and scverity of soil crosion is
remarkably uniform throughout this granite cetchment and
falls currently in thc class of deep, infrcquent gullies,
with minor to modcratc sheet erosion. Active bank crosion
is scen in some scections of the strcoms. Mony of the erosion
gcars arc no¥ held by vegetaticn, agein, largely the result
of rebbit control. Erosion rates were certainly higher in
the past than they arce now but Hellstrom (1951) remorked that
"in compariscon with other strcams in Austrolia the rate of
silting of the Cunningham Creck Rcesefvoir appears modcerate.'

Siltation Retes

Hellstrom (1951) states that the Cunningham Creck
Rescervoir wos abandoned after 20 years and that the siltation
rate for the first ton years was mecsured as 0.13 acre feet
of silt per year pcr milc of catchment.

Comparison with Molonglo Catchment

The climatic and topogrephic faetors arc similar;
the Cunninghoam Crcck nrea with its undulating parkland,
with a mantle of decp wenthercd gronite, is geomorphclogically
similar to much of the Molonglo Catchment. The character of
the silt produced in thce Cunninghoam Crceck area would be
similar to that produccd from granitic and ecid volcanic arcas
in thc Molonglo catchment, but on the whole the Cunningham
Creeck debris would hnve a higher proportion of sand.

The main factors for adjustment in thc comparison
arce arcc of catchment, scverity of erosion, and trap
efficiency. Sizec con be adjusted by the ratio of the areas
of catchments; it was »not fecasible to delineate areas
providing major flood loads within the Cunningham Cre¢ck catch-
ment, becausc the pnttern of soil crosion was so uniform.

However, it is notceworthy that this cotchment
does not posscess forcsted areas where soil crosion is minor
or ncgligible, i.c. 1little or nothing of the "geological
norm'; for this rcason a simpl. adjustment for size by
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catchment areas must tend to over-estimate siltation rates

in the Molonglo. A preferable adjustment would relate
Cunningham Creek rates to the eroding catchment in the
Molonglo area; for this purpose the areas in the Molonglo
catchment showing deep, infrequent gullying with moderate

sheet erosion plus areas of more severe erosion were combined
on the soil-erosion map, with a total area of 170 square miles,
This will tend to underestimate Molonglo rates but should be
nearer the truth than the first adjustment for size.

On severity of erosion there is little doubt that
the present siltation rates in the Molonglo catchment are
higher than those at Cunningham Creek. 1In the past, however,
these have be€en considerably higher, although they were
probably not as high as those applicable now to the 78 square
miles previously calculated for severe erosion in the Molonglo
catchment. The best way of handling the comparison secms to
be to accept the Cunningham Creek rates as they stand and make
adjustments to the area of Molonglo catchment to which they
might apply.

The adjustment for trap efficiency, like that for
size of catchment, is a real problem. According to‘Brown's
formula, the efficliency of the Cunningham Creek rescrvoir
would be only 17% - a figure which one feels is too low; the
formula is least likely to be accurate when applied to
reservoirs of such low storage ratios. Moreover, the
Cunningham Creek *“eir is a concrcte wall with no flood gates,
so that maximum trap efficiency for the storage should be
obtained. One way of handling the problem would be by
calculating two rates -

(1) Rates assuming a trap efficiency of 179, which would
tend to over-estimate or give a maximum figure;

(2) rates assuming the trap efficiency of the proposed
Acton Weir, which might approach a minimum figure or
underestimate as the Cunningham Creek Weir would not
be likely to trap a higher proportion of silt than
the proposed Acton storage.

Possible siltation rates for the Molonglo catchment
on these bases, with altcernative adjustments for size and
trap efficiency, are given in Table 3; the altcrnative adjust-
ments for size and trap efficiency provide a bracket of rgtes,
the two outermost of which are regerded as thc least reliable..

DISCUSSION OF POSSIBLE SILTATION RATES
IN _THE ACTUN STORAGL

(Table L4, Fig. 1)

The first relatively simple comparison between the
Molonglo catchment and two similar catchments indicate net
siltation rates in the Acton storage of 300 or 128 acrec
fecer per year, or expressed. 4112/511fe, 1]l years or 27 years
(seec Table L4). Both may be confidently regarded as over-
cstimates; one, because of. obvious difference in the
scverity of erosion (Werribee); the other because of two
factors - size of catchment and trap efficiency - both lead
to over-ecstimation. The indication is that thc rate for
Acton should be lower than 128 acre feet per year and the
2/5 1life greater than 27 years.
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More corrcct figures are sought by refining the
comparisons where this can be done; rates derived from the
Werribee catchment are likely to be more reliable than those
derived from Cunningham Creek, because the refinement is
virtually restricted to one factor - severity of erosion.
Admittedly, this refincment is a subjective one, but it can
be checked by other workers. The writer's feeling is that
the application of half of the Werribee erosion ratc to
erodinyg arcas in the Molonglo catchment is a rcasonable
adjustment and tends to underestimqﬁgéﬁg%n overestimate.

Refined rates, based on Werribee, would then
indicate siltation of the order of 60 or 70 acre fect per
year in Acton storage (rates 3 and L), giving a 2/5 life
of the order of 50 to 60 years. Attempts to refine the rates
from the Cunningham Creek catchment with two variables
provides a wider spread of possible rates (numbers 6, 7 and 8),
of which one [8) is obviously an underestimation. The other
two, resulting from adjustments in which the two variable
frctors arec opposed, appear more reliable in that errors
tecnd to cancel themselves out. It is difficult to assess the
significance of these rates (6 and 7), 95 or 70 acre feet
per year or 36 or L9 years for 2/5 lifc, but they provide
some general confirmation for more reliable rates derived
from Werribeec figures.

An assessment of the two sets of rates would
indicate that siltation in the Acton storage is likely to be
of the order of 50 to 100 acre fect per year; within that
range 60 to 70 #cre feet per year or 2/5 life of 50 to 60
years may be suggested as a preliminary cstimate.

»

ACTON VERSUS YARRALUMLA AS A WEIR SITE

The probable rates of siltation derived above
appear to favour the Yarralumla site¢ for the weir because of
the difference in half life¢ of the respective storages.
However, this differc¢nce is more apparent than real because
the vital portion of the Lake Scheme, in the city arca, forms
the head of storage and will be the obvious area to receive
silt whether the weir is located at Acton or farther down-
stream,

There would, no doubt, be differences in the pattern
and extent of siltation in the two storages, but thesec are
very difficult to assess on theoretical grounds; in fact,
one of the uses of the modcl of the Lake Scheme at present
under construction should be the investigation of silting
in the headwater area in relation to alternative weir sites.

In thcecory there are two factors which suggest that
changes in the weir site will involve changes in siltation;
these factors are opposed and will tend to cancel themselves
out. In the first place the Yarralumla storage should retain
some.- 14 times the amount nf silt retained by the Acton
storage on the basis of trap efficiency. Much, but not all,
of this additional silt will be fine sediment, normally passed
by the Acton storage; additional silt of fine to medium sand
grain size would probably tend to accumulate near the head of
storage.

In an oppoSite sense, density currents, the seccnd
factor, would certainly be more effective in the Yarralumla
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storage than in the Acton storage because the lake would be
deeper and would provide more contrast in turbidity. These
currents, directed by the restrictions in valley profilec at
Acton and above would almost certainly transport silt of
mixed grain sizes down gradients to the deeper portions of
the reservoir and even to the dam itself.

As there is no way of thcorctically detcrmining the
carrying capacity of density currents, one is forced to
conclude that, as far as siltetion is concerned, there is
no present basis for preferring one weir to the othcer. The
problem may be rcsolved by the model, although density
currents will be difficult to induce in shallow water flows.

REMEDIAL MEASURES

Siltation rates of the order of thosc indicated
in this review, establish the siltation problem, as the most
important single problem to be faced in initinting the
Canberra Lake Scheme. Rcmedial mcasures now assume cqual
importance,

This is primarily the fiecld of soil conscrvation
and land use; after rcviewing enginccering methods of
reducing siltation in Amcrica, Eakin (1936) rcmarks that
"in contrast with thesec inefficient and objectionable
measurces, thc permanent reduction of silt content in the
contributing streams by means of crosion control practiccs
css0.enN28 been 2bundantly demonstratcd. Erosion control not
only has the e¢ffect of conscrving lands in the watershed but
is outstanding as the one fundaemcntal and permanently
practical means of reducing the rate of reservoir silting".

Neverthecless, engineering methods of rcducing
siltation have their placec, becausec although they lack .
permenency, they can achieve almost immediate results wherc
soil husbandry tekes more time to becomc cffectivc. The
proper design of flood or sluice gates in the weir is probably
the most e¢ffective and most pcrmenent engineering contribution
to thc problem. Silt traps or siltation weirs on the principal
strcams constitute another obvious method of reducing rescrvoir
silting but to be c¢ffective these weirs would nced considerablce
depth, othecrwise, .like the Queanbeyan Weir, thcir trap
cfficiency would be too low to protect the main storagc.

If morc permanent protection werc planned for the
future, it might be economic to build a substantial multi-
purpose wcir or weirs to serve primarily as siltation wcirs
for a number of years, until erosion gontrol took effect;
thercafter they would heve sufficient remaining storage to
continuc to serve as flood or river control wcirs.

There is another method which warrants somc further
investigation. Although dredging as a mcthod of silt control
is rightly rcgerded as the last resort becausc of the cost of
winning and disposing of thc matcrial, it fells into a
different category if the matericl dredged can be cconomicnlly
uscd. Thc writer has persistently urged that sand pumping
should be tricd on somc of the. sand deonosits at and below
water level in the Molonglo, notably near the Canberra Powcr
Housc, as a method of working dcposits which src in part
rcplenished by the river. It is suggested that similnr
drcdging might bc carried out in dcltn deposits at the head
of storoge when the lake is establishcd..
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There is no doubt that the Molonglo and Jerr:bomberra
Creek, perticularly thc latter, will provide & considerable
quantity of sand from their bed load alone, which will be the
main constituent of the deltas. Removal and washing of this
sand could help to preserve storage and nrovide usecful
building matcrial in the same action. '

Looked at another way, the bulk of Canberra's local
sand supplies lies zlong the stretch of the Molonglo between
Yarralumla and the Abattoirs. Completion of the Lake Scheme
will rob Canberra of much of this local supply, with the
rcsult that sooncr or later the cost of river sand in Canberra
will rise by the cost of cartage from the Murrumbidgee. When
this occurs the additional cost of dredging sand from the
dcltas could reach the cost of cartage - say 17/~ per yard on
present costs - before the product ceased to be competitive
or before some of the cost would need to be debited to silt
control.,

Admittedly more investigation is required as to the
probable composition of declta deposits; investigation of deltas
in the Burrinjuck storage, as well as of present Molonglo
deposits, secms well warranted. It might be necessary and
cconomic to provide low concrete sand treps, like the present
Power House Weir, nccr the mouths of the contributing streams
to producc cleaner sand, but it is hoped that model studies will
help in this aspeect, os well as in the chaoracter and extent of
dclta formetion.

In the matter of quantity, Canberra's present demand
for river sand, U40O,000 to 50,000 cubic yards per year, amounts
to 25 to 30 acre feet. An assumed annucl retention of 60 to 70
acre fect of silt in the Acton storage would probably supply
e¢nough sand but it would not 2ll be in dredgable delta deposits,
so that it secms, at the present stage of the investigation,
that only part, but probably a« significant part, of Canbcrra's
supply of river sand could bec met by dredging; at the same
time this would do much to prescrvc rcservoir storage.
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Annual Reduction

ta Bhmraps 2/5 Life of Storage

1 & ~
z Life of Storage Derivation

S et

Remarks

Acre-feet o Years Years

per year =

i I 128 1.49 3l . 27 Werribee - whole catchment Over estimation
full crosion rates

D 126 1.4L7 3L 27 Werribee - eroding areas, Over estimation
full erosion rates

3, 6L «7TL5 67 5 Werribee - whole catchment Reasonable
4+ crosion rates

B 63 o {15 70 56 Vierribee - eroding areas Very reasonable
7z ¢rosion rates

B 300 L 1L 11 Cunningham Creek - whole Over estimation
catchment. Trap on both counts.
efficiency 17%.

B 9L4.5 1,1 _ L5 36 Cunningham Creck - whole Reasonable -
catchment. Trap ad justments opposed.
efficiency 5L47.

T 70 . 815 61 L9 Cunningham Creek - 170 Reasonable -
square miles. Trap adjustment opposed.
efficiency 17%. ‘

e .- 257 195 156 Cunningham Creek - 170 Under estimation
square miles. Trap on both counts.
efficiency 5L%.
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