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P r e f a c e 

Lake Burley Griffin was created by the raising of Scrivener 
Dam near Yarralumla on the Molonglo River. It constitutes a 
central feature in the planning of Canberra. The lake is fed by 
the Molonglo River, and its tributary streams, which are extremely 
variable in flood flow. They are capable of carrying large quantities 
of sediment. Data on the character of the sediment loads and the 
deposition zones are necessary for future planning of the environs of 
the lake. 

This report was originally submitted to Maunsell and Partners, 
Consulting Engineers to the National Capital Development Commission, 
A. C, T , Publication of the report for issue to bona fide research 
workers is by kind permission of the Commission. 



S u m m a r y 
T h e s e d i m e n t d e p o s i t e d in L a k e B u r l e y Gr i f f in ha s been found to 

be s i l t r a n g i n g in s i z e be low 50 m i c r o n s to m a t e r i a l of the o r d e r of 
one o r two m i c r o n s . The m a t e r i a l i s c a r r i e d by the Molonglo R ive r 
in s u s p e n s i o n and d e p o s i t e d in the l ake , but in the E a s t Bas in , the 
amount of depos i t i s i n s i g n i f i c a n t . In g e n e r a l t e r m s , t h e m a t e r i a l has 
s p r e a d th roughou t the whole of the bo t tom a r e a of the l a k e in i t i a l ly . 
T h e r e a r e i n d i c a t i o n s t ha t t h e m a t e r i a l t ends to g r a v i t a t e f ina l ly , 
t h r o u g h the agency of sub s u r f a c e dens i ty c u r r e n t s and / o r l iquid mud 
f lows , to t h e d e e p e r s e c t i o n s of t he f o r m e r channe l of the Molonglo 
R i v e r . T h e g r e a t e s t dep th of depos i t i on has been o b s e r v e d in t he 
i m m e d i a t e v i c i n i t y of S c r i v e n e r Dam. 

The p e r c e n t a g e of w a t e r b o r n e s e d i m e n t c a r r i e d by the r i v e r to 
the l a k e and a c t u a l l y depos i t ed in the l ake i t se l f v a r i e s wi th the con-
c e n t r a t i o n of s e d i m e n t in t h e inf lowing r i v e r and the d i s c h a r g e - t i m e 
c h a r a c t e r i s t i c s of the f lood flow. E x i s t i n g flood da ta a r e l i m i t e d to 
that ob ta ined f r o m s m a l l f r e s h e s in t he r i v e r and one f lood with a 
peak of about 21, 500 c u s e c s which o c c u r r e d in N o v e m b e r , 1966. C a l -
cu la t ions b a s e d on da ta of the N o v e m b e r f lood showed tha t the p r o -
po r t i on of r i v e r b o r n e s e d i m e n t s e t t l i ng in the l ake in t he f lood w a s 
82 p e r c e n t . F o r s m a l l e r f loods peak ing at a p p r o x i m a t e l y 3000 cubic 
f ee t p e r s econd , the p e r c e n t a g e is l ike ly to i n c r e a s e to about 96 p e r 
cent . 

It i s conc luded tha t , if o v e r the next half c e n t u r y o r m o r e , t h e 
f lood b e h a v i o u r i s s i m i l a r to tha t of the pas t 50 y e a r s of r e c o r d , then 
no s e r i o u s r e d u c t i o n in depth of w a t e r at the dam, r e q u i r i n g d r e d g i n g 
o r o t h e r r e s t o r a t i v e ac t ion , wi l l o c c u r . In the sha l low p o r t i o n s of the 
l a k e a long the f o r e s h o r e s , only n o r m a l rou t ine m a i n t e n a n c e wi l l be 
n e c e s s a r y . 
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1. Introduction 

Relative to the planning, improvement and maintenance of 
Lake Burley Griffin at Canberra, A. C. T. . data are required on the 
nature of the sediment, the rate of inflow, and deposition patterns of 
the sediment which is brought to the lake by the Molonglo River and 
its tributaries. 

Messrs . Maunsell and Partners of Melbourne and Canberra, 
Consulting Engineers to the National Capital Development Commission, 
by arrangement with Unisearch Ltd. (a Company associated with the 
University of New South Wales) have requested an investigation of all 
available data, and by both field examination and laboratory research, 
to extend the information contained in the data and to draw such con-
clusions as are possible to assist in formulating the engineering design 
works for improvement and maintenance in the lake. The lake, which 
was artificially formed by the raising of Scrivener Dam near 
Yarralumla, A. C. T. , has been in existence insufficient time since it 
was initially filled in April 196 4, for reliable measurements to be made 
of the depth of sediment deposition in various parts of the lake. Con-
sequently, it is necessary to proceed by using information pertaining 
to the natural state of the r iver and records f rom a series of minor 
floods which occurred in 196 4 and 1966. In November, 1966, in the 
week during which a survey of the bottom material was being conducted 
for this investigation a flood of 21, 500 cusecs peak approximately 
occurred which exceeded all others since the date of the initial filling 
of the dam. This flood, however, falls far short of the maximum 
design flood which is given as 200, 000 cubic feet per second. 

In order to make up for the deficiency in flood-siltation data, it 
has been necessary to examine the history of the r iver which is con-
tained in numerous earl ier reports listed in the attached bibliography 
to this report supplied by courtesy of the National Capital Development 
Commission and the Commonwealth Department of Works. In addition, 
much data col lected f r om gauging stations, turbidity and temperature 
measurements made in the lake by the Department of Works since it 
was filled and also earl ier , have been utilised. 

2. Collateral Investigation 

This report is confined to matters of the actual sedimentation 
within the lake's boundaries which extend f rom the outlet of the 
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M o l o n g l o R i v e r in t h e E a s t B a s i n to S c r i v e n e r D a m at Y a r r a l a m u l a . 
H i g h l y r e l e v a n t to s i l t a t i o n in the l ake i s the q u e s t i o n of bed load 
s e d i m e n t c a r r i e d to the l ake t h r o u g h the r i v e r s y s t e m but t h i s h a s 
b e e n c o n s i d e r e d s e p a r a t e l y in P a r t I of t h i s r e p o r t . T h e two p a r t s 
a r e i n t e n d e d to b e r e a d j o i n t l y and f o r t h i s r e a s o n r e f e r e n c e to s e d -
i m e n t a t i o n in t he r i v e r s y s t e m i s e x c l u d e d in a l l i t s d e t a i l f r o m t h i s 
p a r t . 
3. R e f e r e n c e to P r e v i o u s I n v e s t i g a t o r s 

V a r i o u s i n v e s t i g a t o r s (Ref . 1 and 2) have a t t e m p t e d t o d e t e r m i n e 
by e m p i r i c a l p r o c e s s e s t he p e r c e n t a g e of r i v e r b o r n e s e d i m e n t w h i c h 
would be d e p o s i t e d in d a m s and s i m i l a r l a r g e a r t i f i c i a l s t i l l i n g b a s i n s . 
An e x p r e s s i o n of the p e r c e n t a g e of the t o t a l a m o u n t of s i l t d e p o s i t e d 
in a r e s e r v o i r ó r l ake c o m p a r e d to t h e t o t a l q u a n t i t y t r a n s p o r t e d by 
t h e r i v e r s y s t e m to the l ake in a g iven p e r i o d h a s b e e n d e s c r i b e d a s 
t he t r a p e f f i c i e n c y . 

E x c e p t w h e r e r e s e r v o i r s a r e of s i m p l e g e o m e t r y and i n f l o w s and 
s e d i m e n t l o a d i n g s a r e known in c h a r a c t e r and q u a n t i t y r e a s o n a b l y 
w e l l , the d e t e r m i n a t i o n of a s i n g l e f i g u r e f o r t r a p e f f i c i e n c y r e q u i r e s 
c o n s i d e r a b l e q u a l i f i c a t i o n . M o r e o v e r t he e x p r e s s i o n ' t r a p e f f i c i e n c y ' 
d o e s not g ive any i n d i c a t i o n a s to w h e r e t h e d e p o s i t e d s e d i m e n t would 
l ie w i t h i n t he r e s e r v o i r u n l e s s m o r e i s known c o n c e r n i n g t h e p r o p e r t i e s 
of t he s e d i m e n t i t s e l f and the f low f a c t o r s r e l a t e d to i t s t r a n s p o r t . 

T h e v a r i a b l e s w h i c h a r e known to h a v e s i g n i f i c a n t i n f l u e n c e on 
s e d i m e n t t r a p p i n g in r e s e r v o i r s a r e s u m m a r i s e d a s f o l l o w s : -

(1) T h e r a t i o of s t o r a g e v o l u m e t o in f low o r t h e e q u i v a l e n t e x -
p r e s s i o n , a v e r a g e d e t e n t i o n p e r i o d . 

(2) T h e s i z e s of s e d i m e n t p a r t i c l e s and p r o p o r t i o n of s e d i m e n t 
p a r t i c l e s i z e s p r e s e n t . 

(3) T h e b e h a v i o u r of t h e f i n e r f r a c t i o n s s u c h a s a g g l o m e r a t i o n , 
f l o c c u l a t i o n e t c . 

(4) R e s e r v o i r g e o m e t r y w h i c h i n c l u d e s s u c h s a l i e n t f e a t u r e s a s 
dep th to wid th r a t i o , e x i s t e n c e of old r i v e r c h a n n e l s and 
f lood p l a i n s , b a y s and b a c k w a t e r s . 

(5) T e m p e r a t u r e d i f f e r e n c e s . 
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(6) Reservoir release works, sluice ways and spillway designs. 

(7) Upstream natural or artificial retention trap storages. 

(8) Variations in contributions from tributary sir earns. 

(9) Storage level or release procedures. 

Of the variables listed above, numbers 1 to 4 inclusive have 
been found significant in respect of Lake Burley Griffin. Items 5 
to 9 have only minor significance, 

4. Description of the General Conditions Applicable to Lake Burley 
Griffin 

The inflow of sediment to Lake Burley Griffin is predominantly 
suspended sediment which is transported from the upland areas of 
the catchments of the Queanbeyan and Molonglo Rivers. As yet, no 
significant amount' of sand, which normally moves as bed load, has 
reached the lake although the Queanbeyan River contains large amounts 
of relatively coarse sand. The procedures adopted in examination of 
the factors affecting sedimentation in the lake are therefore patterned 
on the fact that the sediment deposited to date is very fine in grain 
size and is readily transported by the water flowing into the lake. 
Varying factors such as lake geometry, fineness of sediment and 
wide variation in stream flows make it virtually impossible to determine 
precisely an overall trap efficiency for Lake Burley Griffin without 
regard to the nature of the flows and purely local factors. Moreover 
because the problem relates to the question of the possibility of dredg-
ing in future years, it is highly relevant to determine for the lake those 
areas which are likely to receive the highest rates of deposition. 

Taking into account the above factors, the form of investigation 
into suspended sediment has taken two distinct phases: 

Phase 1: Investigation of the nature and distribution of the material 
already deposited on the bottom of the lake since it was first filled 
with particular reference to the size grading and nature of the mat-
erial and the locality in which it was found. 

Phase 2: Consequent upon the incidence of flood during the period 9th 
November to 2/ 3rd December 1966, additional data were obtained 
which enabled the investigation to be extended to the question of 
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response of the reservoir to inflow of sediment. Some measure-
ments were obtained by the Commonwealth Department of Works of 
suspended sediment concentrations and flows at closely spaced in-
tervals of time. This information was of a kind distinct f rom pre-
viously collected information and has enabled valuable inferences to 
be drawn as to the average detention period of the lake under flood 
conditions. Unfortunately, the same limitation applies to these data 
as to previous data on sediment concentrations and streamflow, 
namely, they are relevant to a flood of moderate size. Extrapolation 
of thèse data to floods approximating the maximum design flood r e -
mains speculative. 

5. Procedures adopted under Phase 1: 

5. 1 Objective 

The objective under this phase is to obtain samples of the mat-
erial from the bottom of the lake, to identify the origin of this mat-
erial and as far as possible estimate significant deposition in the 
several areas of the lake. 

5, 2 Technique of Sampling 

For this purpose three types of sampling apparatus were used. 
The details of two of these are illustrated in Appendix 2 to this report. 
The first type of apparatus was known as a "torpedo" sampler and 
was used where possible to penetrate the bottom. Upon penetration 
of the bottom a sample of the material is retained within the tube 
capsule attached to the head of the torpedo. The capsule is returned 
to the laboratory where the sample is extracted. The samples obtained 
in this way extend from an inch or two up to 5 inches according to the 
bottom conditions. When extracted in the laboratory, tube samples 
under favourable conditions show a stratification of the bottom layers 
to the extent of penetration of the instrument and for this reason the 
samples might be called "undisturbed" bottom samples. In this r e -
port, tube samples are designated by numbers commencing 2 upwards. 
Where zero appears in the report, attempts were made to secure a 
sample but were unsuccessful after several attempts because the 
bottom was too hard to alternatively it was covered with "liquid" mud 
not capable of retention in the capsule. 

Also, grab samples were obtained with an automatic closing clam 
type of grab capable of retaining a pound or two of deposit after 
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penetration of a depth of about 2':'. The samples obtained were of 
sufficient size to set up test mixtures with water for standard limit 
hydrometer size analysis. Samples obtained by grab are illustrated 
in this report under reference commencing A proceeding through the 
alphabet to AA, FF etc. 

A limited number of bottled suspended sediment samples were 
obtained by using a small electric pump and siphon tubing. Details 
of the tube samples are contained in Appendix I in which the results 
of microscop ic examination of the samples are also tabulated. Re -
sults of the sampling programme with the grab sampler are shown 
in Appendix III. 

The positions of the sampling points within the lake are shown on 
Drawing No. C-E-6858 attached to Appendix I. 

5. 3 Echo Soundings 

This report also contains the results of echo sounding traverses 
taken in the lake at selected sections before and during the flood which 
occurred in the week ending 12th November 1966. Echo sounding 
equipment was used primarily to determine the sampling points on the 
bed of the lake during the survey. Where feasible, traverses were 
made for comparison with previous surveys which included echo 
soundings taken by the Commonwealth Department of Works in 196 4 
and more recently in February 1966. The accuracy of the echo 
sounder is of the order of 6" in depth but the horizontal traverse is 
subject to errors arising f rom the difficulty of navigating a small 
boat bearing the sounding apparatus, the speed of which relative to 
the bottom is affected by wind and current. Echo soundings are not 
deemed to be conclusive but are to be considered together with the 
evidence obtained f rom sediment samples. The accuracy of echo 
sounding apparatus was checked in the field at appropriate intervals 
by lead line soundings. During the incidence of the flood when much 
soft mud covered the bottom of parts of the lake lead line soundings 
were found in e r ro r due to the very soft nature of the deposited mud 
in which the lead sounding plates sank and due to the effect of the 
strong current on the lead line. In such cases , for example, sound-
ings taken under Commonwealth Avenue Bridge during the flood, the 
echo soundings are more reliable. 
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6. R e s u l t s of B o t t o m S a m p l i n g 

6. 1 T u b e S a m p l e s 
T h e b o t t o m of t h e l a k e i s c o m p a r a t i v e l y i r r e g u l a r and the 

h o l e s and b a n k s of the o r i g i n a l b o t t o m h a v e not ye t b e e n b l a n k e t e d 
b y s i l t d e p o s i t i o n . E x a m i n a t i o n of the t ube s a m p l e s s h o w e d t h a t 
p r i o r to t h e f lood in N o v e m b e r 1966, t h e r e w a s l i t t l e e v i d e n c e of 
m a r k e d d e p o s i t i o n of s i l t in L a k e B u r l e y G r i f f i n e x c e p t in t h e v i c -
in i t y of S c r i v e n e r D a m w h e r e d e p t h s of d e p o s i t i o n up t o 2 f e e t w e r e 
m e a s u r a b l e by e c h o s o u n d e r . A s l i g h t o v e r l a y of v e r y f i n e s i l t 
s h o w e d in t o r p e d o s a m p l e s t a k e n e l s e w h e r e in t h e l ake v a r y i n g f r o m 
a t h i n f i l m to 1 o r 2 i n c h e s . T h o s e t o r p e d o s a m p l e s t a k e n on t h e 
f o r m e r f lood p l a in of the Molong lo in t he E a s t B a s i n b e t w e e n t h e 
Molong lo R i v e r ou t l e t and K i n g s Avenue B r i d g e s h o w e d v e r y s l i g h t 
a c c r e t i o n , if any , of s i l t and gave m o r e o f t e n t h a n not t he o r i g i n a l 
e a r t h b o t t o m w h e r e b l a d e s of g r a s s and o t h e r s i g n i f i c a n t e l e m e n t s 
showed in the s a m p l e s . C o n s i s t e n t l y , s a m p l e s of c h o c o l a t e s i l t 
w e r e found in the f o r m e r r i v e r c h a n n e l of t h e M o l o n g l o b e n e a t h the 
l a k e w a t e r s . It i s of i n t e r e s t t o no te t ha t t h i s c h a n n e l f o r m s t h e l o w -
e s t p o r t i o n of t h e l ake f l o o r . T h e s i l t wh ich i s in l iqu id s u s p e n s i o n 
d u r i n g t h e d e p o s i t i o n p h a s e t e n d s t o g r a v i t a t e a s a d e n s i t y c u r r e n t to 
the l o w e r c h a n n e l d e p t h s . B e c a u s e f r e s h l y d e p o s i t e d s i l t i s c h o c o l a t e 
b r o w n in c o l o u r , it i s d i s t i n g u i s h e d r e a d i l y f r o m o r i g i n a l b e d m a t e r i a l 
wh ich i s m o s t l y l ight b r o w n , f r e q u e n t l y o c c u r r i n g wi th g r a n u l e s of d e -
c o m p o s e d r o c k . E x a m i n a t i o n of s i l t s a m p l e s by m a c r o s c o p i c e x a m -
i n a t i o n , t ouch and m i c r o s c o p i c e x a m i n a t i o n , c o n f i r m e d t h e n a t u r e , 
c o m p o s i t i o n and o r i g i n of the s a m p l e d m a t e r i a l s . T h e r e s u l t s of 
t h e s e e x a m i n a t i o n s a r e g i v e n in Append ix L T h e d i s t r i b u t i o n of 
c h o c o l a t e s i l t wh ich c o n s i s t e n t l y o c c u r r e d a long t h e d e e p e r s e c t i o n 
of t h e r i v e r c h a n n e l showed on a n a l y s i s to be p r e d o m i n a n t l y m a t e r i a l 
f i n e r t h a n 50 m i c r o n s , m u c h of it l e s s t h a n 20 m i c r o n s . An e x p l a n -
a t ion f o r the t e n d e n c y of s u c h m a t e r i a l t o c o l l e c t in t h e l o w e s t poin t 
of the l ake i s t h e r e b y found b e c a u s e it h a s b e e n s h o w n (Ref . 3) t h a t 
d e n s i t y c u r r e n t s w i l l r e a d i l y p e r s i s t wi th p a r t i c l e s in s u s p e n s i o n up 
to 20 m i c r o n s . 

6. 2 H y d r o m e t e r A n a l y s i s of B o t t o m S e d i m e n t 
R e s u l t s of the h y d r o m e t e r a n a l y s i s of the b o t t o m s e d i m e n t a r e 

shown in Append ix III. In t h e t a b l e t he s i z e s h o w n of t h e m a x i m u m 
p a r t i c l e i s ob t a ined f r o m a cut of t h e m a x i m u m s i z e d i s t r i b u t i o n on 
the 100 pc. l i ne . C o n s e q u e n t l y t h i s is an e x t r e m e v a l u e s t a t i s t i c 
wi th s u c h a p a r t i c l e (not n e c e s s a r i l y e x i s t i n g in t h e s a m p l e ) . S a m p l e 
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size analyses are arranged in Appendix 3, generally in order of pro-
gression f rom the upstreana end of Lake Burley Griffin to the down-
stream end of Scrivener Dam. The positions of the sampling points 
are shown in. Apperidixlll', Figure A. All samples show zero percent-
age for particles greater than 1000 microns, practically none for 
particles of 500 microns and the majority of samples show greatest 
percentage for particles below 50 microns. Those samples which 
have coarser particles on examination, will be found to be either 
of the original soil forming the banks of the lake e. g. at R , V , H , F , G , W , 
Also sample FF was taken at the confluence of the East Basin and the 
Molonglo River during the recession of the flood on 12th November. 
This sample which unfortunately was an isolated one, showed some 
particles of the order of 300 microns but a general absence of particles 
coarser than this is significant since coarser particles are the character-
istic constituents of bed load. 

Silt samples taken from the old river channel marked with an 
asterisk in the table of Appendix 3 show only minor variations in 
particle composition. A point noteworthy is the increase in grit 
content of samples X, Y and Z at the bottom of the channel of 
Scrivener Dam. It is thought that the presence of grit in these samples 
is rather the result of wash from the adjacent river banks which are of 
decomposed granitic material and relatively steep, rather than mat-
erial which has been carried through the length of the lake. Sample V 
which was taken upstream just inside the boom remote from the steep 
banks does not contain as much grit as X, Y or Z. 

6. 3 Suspended Sediment at Outflow 

Suspended sediment samples taken by the University staff at 
Scrivener Dam and separated by use of "Millipore" filters in the lab-
oratory were microscopical ly examined and found to contain no 
particles coarser than about 10 microns, although particles of 20 
microns were found in the lower suspended samples taken at 
Scrivener Dam prior to the flood. Microscopic examination of f i lt-
ered sediment samples taken in the East Basin between Kings Avenue 
Bridge and Commonwealth Avenue Bridge showed that the maximum 
•particle sizes to be about 20 microns for samples taken near the 
bottom ranging to 10 microns for samples taken within 10 feet of the 
surface. These samples were taken during the recession of the flood 
and the particle sizes present were confirmed by data supplied by the 
Commonwealth Department of Works. 



6. 4 Results of Echo Soundings 

Results of echo soundings are given in Drawings Nos. CE-E-6893, 
6894, 6895, 6896, 6874, 6875, 6897, 6898, 6901. In the case of 
Section 9 which is to be compared with previous survey cross section and 
an echo sounding completed by the Department of Works in 196 4 and 
bearing in mind the obviously irregular nature of the bottom of the East 
Basin, as shown in the profiles, there is no conclusive evidence that 
accreti/jn has occurred in this region. A further comparison of the 
cross sections at Kings Avenue Bridge (Drawings CE-D-6895 and 
CE-D-6894) shows what appears to be substantial accretion of silt be -
neath the bridge spans. This was proved by lead line soundings and 
was found to be soft mud as were also deposits sounded at Commonwealth 
Avenue Bridge shown on cross sections Drawing Numbers 6874 and 6875 
attached to this report. The cross sections at Commonwealth Avenue 
Bridge were subsequently re-sounded by the Commonwealth Department 
of Works and it was found that except for a slight accretion near the 
northern bank (chaînage 28 2) most of the deposition recorded in the 
flood recession has dispersed. Depositions amounting to about 2 feet 
were noted to have occurred at sections 19, 20, 21 at Scrivener Dam 
prior to the flood. Most of the silt appears to deposit on the lake 
bottom downstream of Commonwealth Avenue Bridge. 

6. 5 General Observations of Bottom Survey 

The programme of bottom sampling has clearly shown that the 
predominant elements of the deposited silt in the lake are particles 
or brown silt generally finer than 50 microns, the greater part being 
finer than 20 microns. This material is spread thinly but extensively 
through the whole of the lake but predominantly in the lower sections 
of the old river channel. At Scrivener Dam a depth of the general 
order of I'O" with a maximum depth of 2'0" in some places was 
measured. This fine material falls within the classification which 
others have observed to form stable density currents and it is most 
likely that such material will readily gravitate as a density current 
during the active stages of flood flow in the lake. During qutescent 
stages when the river flow is reduced, this material will tend to 
settle on the bottom of the lake, deliquefy, and in the sections deeper 
than 10 ft. where it is not subject to wave action, it will consolidate. 
Even if the highest of expected floods occurred e. g. 200, 000 cusecs, 
model results (Ref. 5) by the Department of Works, would indicate 
that velocities on the lake bottom during flood are unlikely to reach 
high enough values to scour this silt once deposited except in the 
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narrowest sections. In the more shallow sections of the lake, 
particularly in the vicinity of exposed shorelines, wave action, under 
the influence of strong breezes , will result in resuspension of the fine 
material causing redistribution from the shore lines to the deeper 
sections of the channel. In more sheltered regions, some of ihe mat-
erial is likely to remain as mud deposit. 

Sedimentation During the Flood of 9th November- 12th November 
and Comparison with Past Records 

During the flood, measurements were made by the Commonwealth 
Department of Works of suspended sediment concentrations at various 
parts of the lake and these have been considered in conjunction with 
suspended sedimient concentrations measured in previous years 
commencing 196 4. 

Information about the suspended sediment capacity of the Molonglo 
River measured principally at Corkshill 's Weir and other gauging 
stations in the Molonglo and Queanbeyan system has been presented by 
the Commonwealth Department of Works in a report to the National 
Capital Development Commission dated May 1961, and Figure 5 
attached hereto is reproduced f rom the Appendix to that report. It 
will be noted that no data exist for flows exceeding about 20, 000 cusecs. 
The calculkted suspended load estimated f rom the November 1966 flood 
has been added to the C. D. W. graph in Fig. 5, and it will be observed 
that these provide four points, corresponding approximately to 4. 2x10^^ 
tons per day of suspended sediment, which is 50 pc. less than shown by 
the line of the graph. This does not mean that the line is in e r ror , be -
cause the number of points available to trace the line is very sparse. 
For example, reference to the paper by Leopold and Maddock (Ref. 7) 
shows a similar plot for the Powder River, U. S. A. (reproduced in 
Fig. Q) which is based on a very large number of samples. These 
points show a very wide scatter. Nevertheless, the straight line 
relationship appears to be established on a double logarithmic plot. 
The possible reason for the wide scatter on such a plot as the Powder 
River plot or the Molonglo River plot is the absence of indications as 
to whether the suspended sediment load ratings are determined on a 
rising or a receding flood, and also the condition of the catchment 
prior to storm rainfalls. 

7.1 Trap Eff ic iency 

The curves for sediment rating of the river can only be applied 
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to c a l c u l a t e d e p o s i t i o n if t he s e d i m e n t t r a p p i n g e f f i c i e n c y of t he l a k e 
i s known. The da ta ob ta ined in the f lood of N o v e m b e r 1966 h a s e n -
ab led v a l u a b l e i n f o r m a t i o n to be d e r i v e d f o r t he a c t u a l d e p o s i t i o n 
of s e d i m e n t d u r i n g the f lood and the t r a p e f f i c i e n c y c o r r e s p o n d i n g 
t h e r e t o . The m e t h o d of c a l c u l a t i n g t h i s is d e s c r i b e d h e r e u n d e r . 

7, 2 B e h a v i o u r of S u s p e n d e d S e d i m e n t in the L a k e 
T h e e v i d e n c e g iven in the p r e v i o u s s e c t i o n of t h i s r e p o r t and 

the a d d i t i o n a l e v i d e n c e of s u s p e n d e d s e d i m e n t s a m p l e s t a k e n by the 
W o r k s D e p a r t m e n t show t h a t in g e n e r a l t h e f low in C a n b e r r a L a k e s 
d u r i n g f lood i s f a i r l y w e l l m i x e d a l though t h e r e is e v i d e n c e of m u d 
m o v e m e n t as d e s c r i b e d in Sec t ion 6. 4 u n d e r " E c h o S o u n d i n g s " . 
T u r b i d i t y s a m p l e s t a k e n in dep th both at S c r i v e n e r D a m and h i g h e r up 
the l ake show no e v i d e n c e of d i s t i n c t s t r a t i f i c a t i o n and t h i s m a y be in 
p a r t t he r e s u l t of the g e n e r a l g e o m e t r y of t h e l ake b o t t o m and s i d e 
b o u n d a r i e s at t he point w h e r e t he r i v e r f l ows o v e r t he l a k e b o t t o m to 
e n t e r the E a s t B a s i n . At t h i s point it i s s p r e a d to t he s u r f a c e by a 
s u b m e r g e d b a n k f o r m e d at the end of t h e old r i v e r c h a n n e l . H e r e 
t he con t i nuous flow of b o t t o m d e n s i t y c u r r e n t t e n d s t o be b r o k e n up. 
T h i s m a y be the r e a s o n f o r t he n o n - a p p e a r a n c e of a d e n s i t y c u r r e n t 
of the f o r m no ted by B e l l (Ref . 2). In the a b s e n c e of s u b s u r f a c e 
d e n s i t y f low u n d e r d e f i n a b l e c o n d i t i o n s of s t r a t i f i c a t i o n , the l o c a t i o n 
of t he s e d i m e n t as d e s p a t c h e d t h r o u g h the l ake m u s t be i n f e r r e d f r o m 
t h e b o t t o m s a m p l e s and s u r f a c e s a m p l e s as d e s c r i b e d in S e c t i o n 5. 
T h e t o t a l a m o u n t of s e d i m e n t d r o p p e d in t he l ake m a y be i n f e r r e d by 
m e a s u r e m e n t of t u r b i d i t y at t h e in l e t to t he l a k e and at t he ou t l e t of 
the l ake c l o s e to the s l u i c e s o r the o v e r f a l l . If t he r e a d i n g s a r e 
s p a c e d in t i m e s o t h a t one i s ab le to i d e n t i f y a c h a n g e in s e d i m e n t 
con ten t of the w a t e r b e t w e e n inf low and ou t f low, a ' l a g t i m e ' o r d e -
t e n t i o n p e r i o d c a n be d e f i n e d . Adopt ing s u c h a m e t h o d as t h i s , i t xs 
p o s s i b l e to c a l c u l a t e the t r a p e f f i c i e n c y f o r v a r i o u s s t a g e s of a f lood , 
d u r i n g the t i m e of wh ich t h e n e c e s s a r y m e a s u r e m e n t s h a v e b e e n t a k e n . 
The i n f o r m a t i o n ob t a ined f r o m t h e N o v e m b e r 1966 f lood i s s u i t a b l e f o r 
an e s t i m a t e to be m a d e of t r a p e f f i c i e n c y . The t h e o r y of t h e p r o c e s s 
of e s t i m a t i n g the r e s p o n s e t i m e of the- l ake f o r an input of s e d i m e n t in 
the E a s t B a s i n to a p p e a r at the ex i t of S c r i v e n e r D a m i s g iven in 
Append ix IV. F o r t h e N o v e m b e r f lood , t he t i m e lag b e t w e e n the 
a r r i v a l of the peak s e d i m e n t c o n c e n t r a t i o n at t he E a s t B a s i n o r n e a r 
the point of m e a s u r e m e n t h a s b e e n e s t i m a t e d wi th r e s p e c t to t he 
a r r i v a l of s i m i l a r peak c o n c e n t r a t i o n of s e d i m e n t in t he v i c i n i t y of 
S c r i v e n e r D a m (See F i g . 1). 
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In the c a s e of L a k e B u r l e y G r i f f i n , the l eve l of the w a t e r at the3 
sp i l lway is c o n t r o l l e d m o r e or l e s s on a f ixed va lue of RL. 1825. 0 and 
f o r a f lood of t h e o r d e r of 20, 000 c u s e c s peak the r i s e in the b a c k w a t e r 
s u r f a c e p r o d u c e s neg l ig ib l e i n c r e a s e in channe l depth th roughou t the 
length of t h e r e s e r v o i r . T h e r e s e r v o i r t h e r e f o r e b e c o m e s a channe l 
of i r r e g u l a r c r o s s s e c t i o n but not of c r o s s s e c t i o n v a r y i n g with f lood 
d i s c h a r g e , A c o m p u t a t i o n i s p o s s i b l e to show tha t f o r such a r e s -
e r v o i r , neg l ec t i ng m i n o r v a r i a t i o n s in ve loc i ty d i s t r i b u t i o n s , a cons t an t 
vo lume of w a t e r which p a s s e s f r o m the e n t r a n c e to the exi t of t he lake 
in a t i m e which m i g h t be g iven the a t t r i b u t e of a de ten t ion t i m e . The 
de t a i l s of t h i s m e t h o d a r e s e t out in s y m b o l i c f o r m in Appendix IV. 

7, 3 T r a p E f f i c i e n c y and Depos i t i on in F lood of 9th N o v e m b e r 196 7. 
F r o m the h y d r o g r a p h of the f lood of N o v e m b e r 1966, a m a s s c u r v e 

has b e e n d r a w n (F ig . 2). T h i s enab l e s a g r a p h i c a l c o m p a r i s o n to be m a d e 
of the lag t i m e s f o r s e d i m e n t t r a n s f e r a s s o c i a t e d with v a r i o u s s t a g e s of 
the f lood. By c o n s i d e r i n g the s e d i m e n t c o n c e n t r a t i o n s at inflow and 
s e d i m e n t c o n c e n t r a t i o n at a l a t e r t i m e equa l to the lag t i m e f r o m the da t e 
of s e d i m e n t inf low, the t r a p e f f i c i e n c y r e l a t i n g to the a v e r a g e flow ove r 
the de ten t ion p e r i o d can be computed . T r a p e f f i c i e n c y is t hen shown as 
a func t ion of t i m e a s shown in F i g . 3. I n t e g r a t i o n of t r a p e f f i c i e n c y , 
s e d i m e n t c o n c e n t r a t i o n , d i s c h a r g e , with i n c r e m e n t s : of t i m e g ives an 
e s t i m a t e of s e d i m e n t d e p o s i t e d in the r e s e r v o i r du r ing the f lood. T h i s 
m a y be c o m p a r e d wi th the s u s p e n d e d load of the r i v e r e n t e r i n g the lake 
dur ing the s a m e pe r iod . 

T h i s p r o c e s s w a s appl ied to the f i r s t n ine days of the N o v e m b e r 
f lood, the pe r iod o v e r which e f f e c t i v e r e c o r d s w e r e kept of t u r b i d i t y . 

T h e c a l c u l a t i o n s r e s u l t e d in an a v e r a g e t r a p e f f i c i e n c y of 8 2 pc. 
with an a v e r a g e inf low of 4606 cubic f ee t pe r second . T h e s e v a l u e s 
a g r e e r e a s o n a b l y wi th a c u r v e f o r t r a p e f f i c i e n c y c a l c u l a t e d by 
M a u n s e l l and P a r t n e r s u s i n g C a m p ' s T h e o r y (Ref. 4). 

The da i ly inf low of s e d i m e n t to the lake was 4755 tons which plots 
c l o s e to the s e d i m e n t r a t i n g l ine ( F i g u r e 5). The a v e r a g e da i ly d e p -
os i t ion of s e d i m e n t w a s c a l c u l a t e d to be 3910 tons and the t o t a l f o r n ine 
days , 35, 200 t o n s . 

F o r f loods of s m a l l e r a v e r a g e d i s c h a r g e t r a p e f f i c i e n c y is expec t ed 
to r i s e to a m a x i m u m of 96 pc. c o r r e s p o n d i n g to an a v e r a g e d i s c h a r g e of 
about 2, 000 cu. f t , p e r s econd . 
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A plot o f ; t r ap flood in ]>iQy^l966 
is shown in F ig . 3. It i s to be noted that t r a p e f f i e i enc ies a r e r e - . 
la ted to ave rage d i s c h a r g e s and in the plot of P ig . 3,above the av-
e r a g e d i s c h a r g e s a r e d e t e r m i n e d frona the lag per iod which c o r r e s p o n d s 
to the " con t ro l volume"^ defined in Appendix IV, : The t r a p e f f i c i enc ie s ; 
ca lcu la ted in th i s way^are not d i r e c t l y appl icable to the inflows to the 
lake as r e c o r d e d at the gauging s ta t ions . A m o r e ex tens ive s tudy of, 
the avai lable s t r e a m flow r e c o r d s , a n d a s tudy of the c o r r e l a t i o n of the 
exis t ing s ed imen t concen t ra t ion r ead ings with s t r e a m f lows is r e q u i r e d 
to extend the r e l a t i o n s h i p with t r a p .efficieniiy to gauged; f lood d i s c h a r g e , 
genera l ly . . " ^ \ . v- : -'vr" 

7. 4 Recommended Scheme fo r Data Col lec t ion in F u t u r e 

Much of the suspended sed iment data col lec ted s ince the Take was 
f i l led h a s been ;ga the red m o r e or l e s s at f ixed intervals:;of t ime» g e n -
e r a l l y speaking at about weekly i n t e r v a l s . The method of m e a s u r i n g ; 
the t u r b i d i t i e s ha s been b y t u r b i d i m e t e r ( J ackson Gandle) ^ al though 
some of the r ead ings as: in the r e c e n t f lood i n NQvemberijwere obtained 
bywe igh ing . i - • , ''/ : . \ • v: . ,. ^̂  

F o r the pu rpose iof der iv ing sed imen t deposi t ion in the lake much , 
of the col lec ted data a r e unusable . Because of the poor c o r r e l a t i o n ; 
be tween Jackson Cand le Units. and p a r t s pe r mi l l ion by weight above ; 
about 300 p a r t s per million» the Jackson Candle equipment g ive s un- . 
usab le r ead ings in the -range of above 300 ppm to 2000 ppm, the range 
in which mos t of the deposi t ion occu r s in the lake. , 

Readings taken weekly a r e no t j su i t ab le f o r comput ing depos i t ion 
because the i n t e rva l s of t ime a r e too g r e a t to t r a c e tu rb id i ty v a r i a t i o n -
continuously with t ime . 

Data which a r e co l l ec ted . fo r evaluat ing depos i t ion in the lake 
needs to be col lected at the t ime of o c c u r r e n c e of a flood at . 
su f f ic ien t ly s m a l l intervals- of t ime to enable the var ia t ions-of wa te r ^ • 
inflow and outflow to the lake to be plotted as a continuous l ine . Read-
ings of tu rb id i ty at inflow and outflow should a l so be obtained a t s i rh i la r 
c lose in t e rva l s of-timev - ; - : y.;. v ^ 

The r e c o m m e n d e d t i m e in t e rva l s a r e se t down below in t a b u l a r , : { 
f o r m . 
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Data Collection for Sediment Deposition 
Item of 

Data Period Time of 
Cessation 
of Readings 

1 
Remarks | 

i 

Stream flow at 
inflow viz. Oaks 
Estate gauging 
station. 

Hourly during 
flood, daily in 
developed r e -
cession. 

When flow at 
inflow drops 
to 100 cusecs. 

Streamflow at 
outlet 
Scrivener Dam 

Hourly during 
flood, daily in r e -
cession. Record 
of sluice and over -
fall recorded 
separately. 

When flow at 
outlet drops 
to 100 cusecs. 

Turbidity at 
Oaks Estate 
Gauging Station. 

Four hourly in 
rise and fall of 
flood. Daily in 
recession. 

When flow at 
gauge drops to 
100 cfs or if a 
fresh occurs in 
the river. 

Turbidity at 
King's Ave, 
Bridge. 

Eight hourly in 
rise and fall of 
flood. r>aily in 
recession. 

When flow at in-
let = 100 cfs or 
if a fresh occurs 
in the river. 

Turbidity at 
Scrivener Dam. 

Four hourly in 
r ise and fall of 
flood. Daily in 
recession. 

Continue till 
turbidity falls 
to approx. 
20 ppm. 

Turbidity 
read at 
depths 
I'O" and 
10' and 50' 
f rom 
surface. 

It is anticipated that data collected in the above pattern would en-
able programmed computation to yield the tonnage of silt deposited in 
future floods. 

It is emphasised that the pattern outlined above is not intended to 
supersede regular readings collected for other purposes. To calculate 
deposition of sediment brought down by floods, the above pattern of data 
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col lect ion or its equivalent is necessary . A r e c o r d of deposition and 
f lood flows proper ly established will enable engineering works r e -
quired for the maintenance of the lake to be planned well in advance 
of the need to execute them. 

8, Conclusions 

8, 1 Percentage of Sediment Deposited - Lake Burley Grif f in 

The percentage of the total load of suspended sediment brought to 
Lake Burley Grif f in by the Molonglo River and its tributaries is found 
to be 8 2 pc. for the flood of November 1966 which reached an estimated 
peak of 21,500 cubic feet per second. F o r smal ler f loods the percent-
age is estimated to r ise as high as 96 percent. 

F o r f loods in excess of 2L, 500 cfs peak, the percentage of dep-
osited sediment will be less but insufficient data exist to predict the 
percentage of deposition for large f loods of the order of magnitude of 
the design flood 200, 000 c fs . 

F o r normal flows of up to 500 cusecs , which is the long period 
condition of the r iver , practical ly no sediment is deposited. 

8. 2 Quantity of Sediment Deposited in Flood of November 1966. 

The quantity of sediment deposited by the f lood of November 1966 
w^approx imate ly 35, 000 tons of fine silt» in a period of nine days, 

8. 3 Distribution of Deposited Sediment in the Lake 

Sediment deposits in the lake since the time of filling are spread 
throughout the length of the lake. Depth of deposition in shallow areas 
of the lake is negligible. Concentrations of deposited sediment appear 
in deep water at the bottom of the f o r m e r Molonglo River channel giving 
r ise to the suggestion that by the action of density currents and wave 
action the deep sections of the lake will f o r m the reception points for 
most of the deposited silt. 

The lake is deepest at Scrivener Dam where depositions up to 2 
feet have occurred in the tapering narrow submerged valley since the 

Jake was fil led in Apri l 196 4. The effect of an extremely large f lood 
of say 200, 000 cfs is unknown . Undoubtejdly thè percenta^ge of the total 
sedim'enf carr i ed by the iriver and deposited in the lake will jae less than 
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in the flood of November 1966, but the weight of sediment deposited 
depends also on the duration of such a flood which is unknown. Allow-
ing for an increasing width of surface deposit as the sediment rises 
in level in future years, no serious reduction in depth of water at the 
dam requiring dredging or other restorative action is likely within the 
next half century or so if floods of average magnitude occur, as 
recorded in the existing 50 year records. 
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Appendix I 
Tube S a m p l e s - Lake B u r l e y Gr i f f in . 
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top. 
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Choc, mud and 
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Appendix I 

Tube Samples - Lake ßurley Griffin 
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gravel 

18 1 i " -L 2 Compact silt 1 I I 2 1" Brown 
clay 

19 1" Choc, silt I I I 2 Hard clay 

• 20 1 I I 2 Fine silt 
21 1 I I 2 Fine silt 1 J- 2 Gritty soil 

loam with 
organic 
material 

22 3 /4" Gritty brown 
sandj clay 
(no silt) 

23 1/4" Dark brown 
silt 

24 3 /4" Gritty brown 
sands clay 

25 I I I 2 Gravelly sand 
with silt 
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Appendix L 
Suspended Sed iment Samples - Lake B u r l e y Gr i f f in 

Sample s 1 to 18 taken 9. 11. 66 (12 p. m. to 1 p. m. ) 
Samp le s 19 to 21 taken 11. 11. 66 (11 a, m, ) 

Depth 
Below 
S u r f a c e 

Sample 
No, p. p. m. 

51 '6" SI 41 
50' S2 21 
45' S3 54 
40' S4 36 
35' S5 29 
30 S6 26 
25' S7 18 
20' SB 18 
15' S9 21 
10' SIO 22 

5' S l l 22 
0 S12 26 

52 '6" S13 61 
50' S14 29 
40' S15 16 
30' S16 24 
20' S17 32 
10' SIS 24 

0' S19 530 
24' S20 715 
12' S21 623 

Samples SI to SI2 - C e n t r e C r o s s Section 21 -
U p s t r e a m S c r i v e n e r Dam, 

Samples S13 to S18 at C e n t r e C r o s s Sect ion 19 -
S c r i v e n e r Dam. 

Sample s S19 to S21 - C r o s s Sect ion 12 - 700' f r o m 
South W e s t e r n Shore . 



Appendix II, 

Qrab Sampler 

'Torpedo" Sampler 
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Appendix III. 

Hydrometer Analyses of Bottom Sediments 

Sample Max. Size 
microns 

Percentage finer than s izes 
in microns 

shown Sample Max. Size 
microns 

300 200 100 50 20 8 3 
1000 85 82 71 52 37 25 13 

- A 1000 96 92 85 75 70 54 23 
- B 300 100 99.5 99 92 84 51 21 

1000 91 87 82 72 60 41 22 
•D 300 100 99.5 99 83 73 47 23 

800 99.5 99.0 97 85 75 55 26 
*DD 200 - 100 98 81 70 45 20 

+ U 1000 81 75 68 52 41 32 24 
+ AA 500 - 99.5 99 83 49 29 8 
+ T 800 - 98,0 90 65 45 31 15 
+ S 500 - 99.5 95 74 55 33 16 
+ R 1000 97 96 93 70 50 31 11 
+ >:̂ BB 1000 96 94 91 73 69 57 30 

400 99.5 99 96 93 87 72 35 
+ Q 1000 93 91 89 79 63 44 23 
+ P 1000 98 96 95 91 80 54 28 
+ N 1000 - 99 98 80 62 40 18 

L 800 95 90 84 66 53 41 29 
+ - M 500 - 99 98 80 68 50 28 

500 - - 99 81 72 60 36 
+ J 1000 93 90 86 55 40 27 15 
+ H 1000 92 86 83 63 49 30 15 
^E 1000 - - 99 87 72 55 31 

F 1000 78 72 76 46 31 20 10 
G 1000 70 45 30 12 8 4 2 
V 500 99 98 97 90 77 62 38 
w 1000 52 42 30 22 16 13 10 

- X 800 . 96 95 89 67 52 42 29 
•Y 1000 93 87 77 65 58 41 24 
- z 1000 88 85 79 60 51 39 23 

'•"Sample of silt f r o m old r iver channel 
+ Sample taken during f lood 
F o r location of samples see Figure A, Appendix I. 



Appendix III, 

SECT. 18 

For Sample Dsscr ipt ien r«f«r to 
TabuiGted Analysis Sh«et 

SCO!«; I.-SOPOO 

The University of New South Wales 
WATER RESEARCH L A a O R A T O R Y 

LAKE BURLEY GRiFF IN SAMPLING POINTS FOR 

BOTTOM SEDIMENTS 

CE-£- fe858 FIGURE A. 



1. 

Appendix IV. 

O U T F L O W A T O ' 

( O V E R . 

Theory 

Let Qj = inflow at'I at time T j 

QQ = outflow at "O" at time T, 
later than T j by a time interval T̂ ^ 

ef fective time of lag between the'inflow of an 
elementary volume of water at the head of 
Lake Burley Grif f in and its outflow at Scrivener 
Dam. 

(i) T ime of travel f rom " l " to "O" is determined for a single event 
e. g. the peak turbidity or concentration at " l " is lagged by its appear-
ance at "O" by 

X d = To - T i 

(ii) Since water level at Scrivener Dam is held constant by design and 
backwater effect in the lake is slight^depths are constant. Assuming 
changes in flow pattern within the main flow channels of the lake are 
slight as the flood recedes f rom peak, then cross-section areas 
(ef fective) remain constant. -

(i i i ) The equation of continuity applied at successive cross sections gives 

Q = Av 



2. 

where Q = discharge at the chosen c r o s s section 
A = effective c ross sectional area 
V = average velocity in the c ross section 

Since " A " is presumed constant (i. e. c r o s s sectional area) 

Let L = effective length of travel 

Then Distance of Travel = Detention Time (T^) 
vm 

r^o lo 
rj. dL r dL 

' J ~ y ~ 
Tl T j 

Vj^ = average velocity along length " l " 

F r o m assumptions in Para , (ii) 

^ m - " averagediacharge over time T^ 

, . i. e. T^ Q^n = constant = V 

Let this be known as "control volume" 

for the given flood = V 

/ T q 
Qj dT i. e. area of flood hydrograph between 

time of ]Deak lurbiidity at tinie-of 
i'l p^ak.tu'rbidity at "O" . 

(iv) Trap Eff ic iency for given Q ^ = C ^ j 

_ Mi - MQ 
^ T I - Mj 

where Mj = suspended sediment concentration at inlet 

Mq = suspended sediment concentration in vicinity of 
outlets at t ime Tq later than T j by TJj 
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(v) C t i are functions of time (plotted,Figures 1 and 3 for Lake 
Burley Griffin). 
Sediment inflow for an arbitrary period of flood flow, Tp, is W 

T = Tp 
^ Ql. Mj, g T 

T = 0 

W = 

Sediment deposited in the lake in the arbitrary period of flood, Tp, is 
Wd 

T = Tp 

Wd Qj, Mj. C t i . S T 
T = 0 

Average trap efficiency for arbitrary period, Tp, is Ĉ p 

C t -
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The University of New South Wales 
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Sedimentation Survey of Canberra Lakes 

LAKE CROSS SECTIONS 

C E - E - 6 8 9 4 



u f c « W a f r L t v t l R.t l »25 

S E C T I O N H O . 

Kin^s Avenue Bridge. N«»rth Sî jft. D / S . 
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