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(i) 

S u m m a r y and C o n c l u s i o n s 

1. Summary of Investigation 

The object of the investigation was to study the effect on r iver be-
haviour of the construction of a lake at Chipping Norton in the Georges 
River, near Sydney, NS. W, The effect on flood behaviour was 
measured by constructing an hydraulic model, passing appropriate flood 
discharges through the model, and recording and analysing the results. 

The effects of the lake on tidal regime, sedimentation, pollution, 
bank erosion and channel stability were then evaluated by field surveys 
and computation, 

2. Conclusions 

General 

The proposed lake is a desirable public amenity which will bring to 
the community considerable benefits in recreation, flood mitigation, pro-
vision of much needed sand for the development of Sydney, and mitigation 
of pollution, but it would be wise to take the precautions recommended in 
Section 8. 22 of the report. 

Flood Mitigation 

(a) The construction of the lake will reduce materially flood damage 
in the vicinity of the lake and upstream for some distance. 

(b) If the action recommended in Section 8. 22 of the report is carried^ 
the construction of the lake will reduce flood damage downstream of the 
lake. 

Tidal Flow 

(a) Unless the action recommended in Section 8. 22 of the report is 
taken, it is expected that there will be a tendency to scour the bottom and 
sides of the river channel at the locations shown in Fig. 15 of the report» 

(b) Until this action is taken, there will be a reduction in tidal range 
at Chipping Norton, which at nrespnt is the same as that of the ocean, but 
lagging 2i hours. 



(ii) 

Sedim entation 

The estimated volumes of bed load and suspended sediment which will 
settle in the lake are so small in relation to the volume of the lake that 
no siltation problems are anticipated in the foreseeable future. 

Pollution 

The lake will mitigate pollution effects by increasing tidal storage near 
the headwaters, where the increased dilution will have the maximum effect 
Further, there are no stagnant areas within the lake, thus preventing the 
accumulation of pockets of debris. 

Bank and Channel Stability 

(a) The construction of the lake will have no effect on river banks, 
except at the locations shown in Fig. 15 and perhaps in the small section 
referred to in Section 8. 21. 

(b) Provided it is specified that the banks of the lake be constructed to 
the specifications outlined in Figures 29 and 30, the banks will be stable 
against seepage and no erosion will result from wave action or floods. 
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The Nature of the Problem 

The building and civil engineering work necessary for the develop-
ment of the metropolitan area of Sydney is demanding an ever increasing 
supply of clean building sand. The readily available supplies close to the 
centre of demand have long been exhausted, and in recent years the Georges 
River has become an important source of supply of this essential material. 
From this river the sand is dredged, screened and washed. This activity 
is proceeding along a considerable length of the river, with a major con-
centration in the area shown shaded in Fig. 1. On completion of ex-
traction of sand in the various areas licensed for such purposes, the 
landscape would normally present an unsightly appearance. Photograph 
No. 1 is an aerial view of the area as existing some twelve months or more 
ago, and extraction has proceeded apace since the photograph was taken. 

This region of Sydney is ill-served with recreational areas, particularly 
those of an aquatic nature. 

An obvious opportunity exists to convert a potential eyesore into a 
highly desirable community amenity, by converting the mined areas into 
an artificial lake which would then be available for such recreational 
purposes as boating, sailing, water skiing, fishing, swimming and the like, 
and also to provide for the citizens the pleasure of a water vista - generally 
a smaller version of Lake Burley Griffin. 

Some years ago, the Liverpool and Fairfield Councils endorsed a 
decision to convert the area into a lake, and private interests put forward 
proposals for a golf course, picnic grounds and similar amenities. Sub-
sequently, the Fairfield Council rescinded its decision. However, 
Hollywood Sands Pty. Ltd. have requested that this Company be permitted 
to extract sand from the area labelled Zone 2 on Fig. 1. This area is in 
the Fairfield Municipality, whereas Zone 1 is within the Liverpool 
boundaries. An important feature of the proposal by this Company is 
that the sand extraction in this zone should be carried out in such a 
manner that on completion of mining, the whole of the zone will be at the 
planned lake depth, with banks correctly sloped, etc. so that this portion 
of the lake will be handed over to the Council in a completely finished 
condition. 

However, the Minister for Local Government is concerned at the 
possibility that the creation of the proposed lake might aggravate flood 
damage in the Georges River, or cause bank erosion or some similar 
ill effects, and is not prepared to issue further licenses for sand ex-
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traction until his fears on this score have been allayed. 

Therefore, Hollywood Sands Pty. Ltd„ has requested the Water 
Research Laboratory of the University of New South Wales to investigate 
the effect of the proposed lake on river behaviour. 

2. General Description of the Area 

The proposed lake is located in the upper reaches of the Georges 
River in the vicinity of Cabramatta as shown in Figure 1. Two major 
creeks, namely Prospect and Cabramatta, join the river in the vicinity 
of the lake and at present the area is subject to flooding (on an average 
of about once in every 5 years) from the combined runoff from the three 
water courses. Under dry weather conditions, the fresh water flow is 
very small but is sufficient to maintain a fairly low salinity in the river 
at this point. The tidal influence extends upstream as far as Liverpool 
Weir, some two miles above the lake. The tidal range is very nearly 
the same as the ocean tide but there is a lag of approximately 2j hours. 

The outline of the proposed lake relative to existing property bound-
aries is shown in Figure 2. This has been fixed from considerations 
of surface topography, present and future mining leases, property 
boundaries, aesthetics and watercourse boundaries. For reference, 
the lake has been divided into two zones; zone 1 at Chipping Norton on 
the south bank of the river in Liverpool Municipality and zone 2 at 
Hollywood on the north bank of the river in Fairfield Municipality. The 
surface areas of the two zones are 9. 3 x 10® sq. ft. (0. 334 sq. miles) 
and 3. 2 X 10® sq. ft. (0. 115 sq. miles) respectively. The approximate 
length of the lake is 2 miles and the width 0. 3 miles. For the purpose 
of this investigation, the depth of the lake has been taken as 25 ft. be-
low low water, but this dimension is not critical and could be varied 
quite significantly without affecting the conclusions reached as a result 
of this study. 

3. Objectives of the Investigation 

The lake might affect river behaviour in the following respects :-

(i) Flooding 
(ii) Tidal regime 
(iii) Sedimentation 
(iv) Pollution 
(v) Bank erosion and stability 
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The p u r p o s e of t h i s invest igat ion i s to a s s e s s the na tu r e and m a g -
nitude of the e f fec t s of the l ake on the r i v e r in each of these aspects» 

4. Effect of the P roposed Lake on Flood Behaviour 

4. 1 Introduction 

The r i v e r va l ley w h e r e the lake i s to be dredged i s a flood plain and 
i s subject to f requent flooding f r o m fa i r ly sma l l d i s c h a r g e s . F lows in 
the Georges River in exces s of about 20, 000 cubic feet pe r second (c. f« s, ) 
over top the r i v e r banks in the vicini ty of Chipping Norton, Cab rama t t a 
and Hollywoodo Such f lows occur on the ave rage of about once in every 
f ive y e a r s . 

Ups t r eam of the proposed lake the r i v e r f lows between high banks 
and flooding i s not a s e r i o u s p rob lem. 

Downs t ream of the lake s o m e overbank flooding o c c u r s a s f a r down-
s t r e a m a s East Hil ls a f t e r which the r i v e r i s contained within s teep banks 
and flooding i s confined to the immed ia t e r i v e r channel. The a r e a wors t 
affected i s M i l p e r r a whe re a number of homes have been built along the 
r i v e r banks. 

Flooding in the vicini ty of the lake i s the r e su l t of the combined r u n -
off f r o m the Georges River above Warwick F a r m , Cabrama t t a Creek , 
and P r o s p e c t Creek . The a r e a s of t he se ca tchments a r e 137. 1, 28. 9 
and 34,6 squa re m i l e s r e spec t ive ly . The "once in 100 y e a r " and 
"once in 25 y e a r " flood hydrographs fo r each of t he se s t r e a m s at the 
lake have been es t imated , us ing unit hydrograph p rocedu re s , and a r e 
shown in Fig, 3, It i s c l e a r f r o m th i s Fig, 3 that for m a j o r f loods the 
main contribution to peak f lows comes f r o m the Georges River ca tchment . 
However, because of the i r s m a l l e r ca tchment a r e a s , P r o s p e c t and 
Cabramat ta C r e e k s may tend to peak e a r l i e r than Georges River and 
t h e r e f o r e flooding dur ing the ea r ly s t ages of a m a j o r flood may be aom-
inated by these s t r e a m s . 

The poss ib le e f fec ts of the lake on flood f lows a r e a s fol lows:-

(i) Channel capac i t i e s will be i nc r ea sed and the channel length 
shor tened by the el imination of the m a j o r r i v e r bend nea r Chipping 
Norton. This would r e su l t in d e c r e a s e d flood grad ien t s and a lower ing 
of flood l eve l s u p s t r e a m of P r o s p e c t Creek, 



(ii) Additional valley storage would be provided by the lake which 
might attenuate the flood hydrograph resulting in lower peak discharges 
and flood levels downstream of the lake, 

(iii) The time distribution of runoff might be changed by the lake 
resulting in earlier or later flood peaks. This could increase the 
possibility of coincidence of flood peaks with those from minor trib-
utaries downstream leading to increased flood levels. 

(iv) The additional tidal storage available in the lake will result 
in higher tidal velocities in the river channel downstream. This may 
lead to scour and an increase in channel capacity resulting in reduced 
flood levels downstream of the lake for a given discharge. 

To investigate (i), (ii) and (iii) above, a fixed bed hydraulic model 
was constructed and the results are reported in Section 4, 2 below. The 
influence of the lake on tides (item (iv) above) and on flooding benefits 
are reported upon in Section 5, 

4. 2 Hydraulic Model Tests 

4,21 The Model 

The inability to predict accurately flow paths, off-channel storages, 
overbank and channel roughness, and local topographical effects on 
flood stages makes analytical mathematical estimates of flood be -
haviour somewhat suspect. A reliable answer can be obtained using 
an hydraulic model based on the verification principle which states that 
if a model can be adjusted to reproduce accurately past events it will 
also accurately reproduce future events. 

For the above reasons, a fixed bed hydraulic model (Photograph 2) 
was built to study the effect of the lake on floods. The scales of the 
model were 1:100 vertical and 1:900 horizontal. The boundaires of the 
model are shown in Figure 4 and reproduce the flood plain from above 
Warwick Farm Racecourse to Georges HalL 

Model details were based on the following plans:-

plan'^ Cumberland Series, 4 chains to the inch, topographical 

(ii) Hydrographie survey for Georges River (1959) as prepared by 
the Department of Public Works, N, S, W, ^ P ^ 
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These plans were supplemented by additional topographical and 
local information where needed. 

Flow to the model was controlled by gate valves and measured using 
standard orifice flow meters. Water levels were measured by point 
gauges. Downstream levels from the model were controlled by an ad-
justable tailgate, 

4. 22 Model Verification 

The flood chosen for model verification was that of November 1956 
since most information was available on this flood. Local enquiry es-
tablished ample information on flood levels at critical locations in the 
area and these are shown in Figure 5. In regard to flood discharges^ 
however, no measurements have been taken by any authority and river 
flows during the flood were estimated by analytical methods using the 
Manning equation. These were based on water surface slopes as 
measured in the river (see Figure 6) and estimated values of channel 
roughness. This resulted in an estimate of flow rate of 51;, 500 c, t s, 
for Georges River at Lansvale (includes small discharge from 
Cabramatta Creek) and 8000 c,f , s, for Prospect Creek at the time of 
the 1956 flood peak in the Georges River, 

These discharges were then fed into the model and the roughness 
of the model was adjusted in accordance with standard practice until 
the actual recorded flood levels were reproduced on the model. 

The results of the final verification of the model are shown in 
Fig, 6. An examination of this figure shows that excellent verification 
was obtained. 

The model was then further checked for accuracy by feeding in the 
flood discharges of the November 1961 floods which were 24, OOP c. f, ft, 
and 5000 c . f . s. for Georges River and Prospect Creek respecx: vely. 
The levels which were measured on the model were compared wich 
those which actually occurred in the "real life" conditions of the pro-
totype. The results are also shown on Fig. 6, and it will be noted 
that good agreement was again obtained. 

From the above tests, the model has been shown to reproduce 
accurately past flood levels and consequently can be expected to pre-
dict accurately the effect of the lake on flood behaviour in the future. 



6. 
4.23 Test Discharges 

Once the model had been ver i f ied , a s e r i e s of t e s t s w e r e m a d e to 
de termine the effect of the proposed lake on flood behaviour . T h r e e 
flood d i scharges were selected to cover flood f r e q u e n c i e s of 1 in 5 
yea r s , 1 in 25 y e a r s and 1 in 100 y e a r s . Es t imated peak d i s c h a r g e s 
for these floods a r e shown in Table L 

Table I 

Flood Discharges used fo r Model T e s t s 

Flood 
Frequency 

Est imated D i s c h a r g e s in c . f. s. Flood 
Frequency 

Georges River at 
L an s vai e 

P r o s p e c t C r e e k 

1 in 5 y e a r s 22,000 3, 000 
1 in 25 y e a r s 51.500 8, 000 
1 in 100 y e a r s 97, 000 24,000 

The 1 in 5 year flood cor responds to that which just tops the banks and 
causes nuisance flooding. The 1 in 25 year flood c o r r e s p o n d s to the 
flood which occurred in November 1956 on which model ve r i f i ca t ion was 
based. The 1 in 100 year flood co r re sponds approximate ly to the 1873 
flood, the highest flood ever recorded (Reference 1). 

The d i scharges in Table I a r e those exist ing when the f loods w e r e at 
the i r peaks. 

In addition, the complete flood hydrographs for the "once in 25 yea r " 
and "once in 100 y e a r " floods were es t imated us ing synthet ic unit hydro-
graph procedures (Reference 1) and a r e shown in F i g u r e 3. 

4. 24 Test Results for Unsteady Flows 

The f i r s t s e r i e s of model t e s t s w e r e run to d e t e r m i n e t h e attenuation 
of the flood hydrograph by su r face s to rage b e f o r e and a f t e r const ruct ion 
of the lake. The inflow hydrographs for the 1 in 25 y e a r and 1 in 100 
year floods were approximated in the model by the s tepped hydrographs 
shown m Figures 7 and 8. The outflow hydrographs , with and without 
the lake mcorporated in the model w e r e then obse rved . T e s t r e s u l t s 
a r e shown in F igures 7 and 8. These c l ea r ly indica te that the l ake has 
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no significant effect on the passage of the flood wave, peak discharges 
being reduced by l e ss than 4 per cent as a result of the additional 
storage provided by the lake. 

All further tests were therefore run under steady state conditions, 

4. 25 Test Results for Steady Flow Conditions 

The peak discharges for the 1 in 5 year, 1 in 25 year and 1 in 100 year 
f loods were run through the model and flood levels observed at the seven 
locations shown in Column 2 of Table II before and after construction of 
the lake. Test results are shown in columns 4 and 5 of Table II and 
are illustrated graphically in Fig. 9. The changes in levels at various 
locations are also shown in the plan of Fig. 10. 

Table II: Flood Levels for Various Flood Frequencies with and without 
the Lake. 

Flood Station Water Level to Water Level Change in 
Fre - (see Fig. Standard Datum Standard Datum Water Level 
quency 5 for Pre - lake Post- lake 

location) (ft . ) ( ft . ) (ft. ) 
1 2 3 4 5 

1 in 
5 yrs . 

1 19.35 - .12.85 -7 . 5 1 in 
5 yrs . 3 

5 
14. 90 
14. 70 

12. 80 
12. 90 

-2 . 1 
-1 . 8 

7 14. 00 12. 90 -1 , 1 
8 12. 40 12. 80 + 0, 4 
9 12. 60 12. 60 0. 0 

1 1 14. 10 12. 90 - 1. 2 
1 23. 35 17. 55 -5 . 8 

1 in 3 18. 75 17. 50 - 1 , 2 
10 yrs . 5 18. 60 17. 60 - 1 . 0 

7 19.40 17. 60 -1 , 8 
8 17,40 17. 30 -0 . 1 
9 17. 00 17. 00 0 ,0 

11 18. 70 17, 70 -1 , 0 
1 26. 45 23.40 -3 , 0 

1 in 3 23. 70 23.40 - 0 . 3 
100 yrs . 5 23. 60 23.40 -0 . 2 

7 23. 80 23. 50 -0 . 3 
8 23. 00 24. 00 + 1.0 
9 22. 50 22. 50 0. 0 

11 24. 00 23. 50 -0 . 5 



A study of t h e s e r e s u l t s a s given in T a b l e II, with r e f e r e n c e to the 
locat ions in Fig. 5, and a s shown in longi tudinal sec t ion in F ig . 9, and 
the plan of Fig, 10, shows c l e a r l y that the p r o p o s e d l ake would l o w e r 
cons iderably the flood l eve l s u p s t r e a m of P r o s p e c t C r e e k . T h e l a r g e s t 
reduct ion in flood l eve l s occur in the v ic in i ty of W a r w i c k F a r m R a c e -
c o u r s e where flood s t ages w e r e d e c r e a s e d by 7. 5 f t . f o r t he 1 in 5 y e a r 
flood and 3 . 0 f t . fo r the 1 in 100 y e a r f lood. The r e a s o n f o r t h i s i s that 
the lake el iminated the high l o s s e s which p r e s e n t l y o c c u r a round the 
S-bend in the r i v e r between Warwick F a r m and Hollywood by provid ing a 
r i v e r cut-off and an e a s i e r p a s s a g e fo r the f low. D o w n s t r e a m of the 
S-bend, flood reduc t ions w e r e somewhat s m a l l e r . At Hollywood, flood 
s tages w e r e reduced by 1. 1 f t . f o r the 1 in 5 y e a r flood and 0 . 3 f t . fo r 
t he 1 in 100 yea r flood. 

It should be noted that in t h e s e t e s t s flood l e v e l s d o w n s t r e a m of the 
lake have been a s sumed to be unchanged a s a r e s u l t of c o n s t r u c t i o n of 
the lake. As demons t r a t ed in Section 4. 23 above and i l l u s t r a t e d g raph-
ical ly in F igs . 7 and 8, the peak flood d i s c h a r g e s d o w n s t r e a m of t he 
lake a r e only sl ightly reduced by the p r e s e n c e of the lake , and, fo r 
r i v e r condit ions s i m i l a r to those now exist ing, flood l e v e l s wi l l be 
p rac t i ca l ly una l te red by the lake . However, a t tent ion i s d rawn to the 
fact that -changes in t idal condit ions a r e l ike ly to i n c r e a s e channel 
capaci ty downs t ream of the l ake and hence r e d u c e the d o w n s t r e a m flood 
levels , a s d i scussed in Section 5. 5 below. 

4. 26 Summary of Resu l t s of Invest igat ion of F looding 
Resul t s of the model t e s t s may be s u m m a r i s e d a s fo l lows 
(a) The cons t ruc t ion of the lake will r e d u c e flood l e v e l s u p s t r e a m of P rospec t Creek . 

(b) The max imum reduct ion wil l o c c u r about the u p s t r e a m end of 
the lake, whe re the exist ing r i v e r flow i s c o n s t r i c t e d by an S-bend 
between Warwick F a r m and Hollywood. 

(c) The lake will have no s ignif icant ef fect on t he f lood wave and 
flood d i s cha rges and the t i m e d i s t r ibu t ion of runoff wi l l be t h e s a m e as 
be iore the lake i s cons t ruc ted . 

.nH T ^ ! ^^^^ negl ig ib le r e d u c t i o n of f lood d i s c h a r g e s and leve ls downs t ream of the lake . 
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5. Effect of Lake on Tidal Regime 

5. 1 Introduction 
g 

The proposed lake will increase the water surface area by 12« 5 x 10 
sq, ft. For the present tidal range to be maintained, the tidal discharge 
must be increased, resulting in higher velocities in the downstream 
channels. However, as this will increase the friction loss, the tidal 
range immediately after completion of the lake is likely to be slightly 
less than at present. The magnitude of these changes and their effects 
are discussed in Sections 5« 2 to 5<. 5 below, 

5. 2 Effect of Lake on Tidal Range 

An estuary is usually funnel shaped, which results in convergence 
of the tidal wave as it moves upstream. This convergence tends to in-
crease the tide range and compensate for the loss in tide range which re -
sults from bed friction. In many estuaries, the shape in plan tends to be 
such that the effects of convergence and friction are approximately equal, 
and under these conditions the tide range is constant along the entire 
length of the estuary. Tidal ranges have been measured for the Georges 
River Estuary by the N, S, W. Department of Public Works. The 
variation in range with distance upstream is shown in Figure 11 and 
shows little variation along the estuary. 

On completion of the lake, the present tidal flows will be insufficient 
to reproduce the full tidal range in the lake. Consequently, water surface 
slopes will be increased, resulting in higher velocities and flow rates in 
the river channel downstream of the lake. If friction losses are 
neglected, the velocity would simply increase until the flow rate was 
sufficient to re-establish the tidal range. This would require an increase 
in the maximum tidal velocity of approximately 1 foot per second (f, p. s. ) 
to a value of approximately 2 f. p. s. In practice, the higher velocities 
increase friction loss and the tidal range will be slightly less than at 
present. 

If the river had been left in its natural condition of tidal equilibrium, 
an attempt could be made to estimate the magnitude of this change. How-
ever, long sections of the downstream river channel have already been 
considerably dredged for sand, as shown in Fig. 12. This has already 
increased the flow capacity to a marked degree. Tidal computations 
would require detailed hydrographic surveys of the existing river 
channels and these are beyond the scope of this investigation. It can 
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be stated with a fair degree of confidence, however, that frictional 
effects will be small and that the tidal range after construction of the 
lake will be only slightly less than that now occurring. Of somewhat 
more importance is the possibility that the higher velocities might in-
duce scour in some portions of the river channel. This is discussed in 
the next section, 

5. 3 Effect of Lake on Downstream River Channel 

Where an estuary is in erodible sediments, the velocity of flow in 
the channel tends to adjust to a critical value consistent with the nature 
of the bed material and rate of supply of sediment. At this value the 
average sediment supply to an area is equal to that transported out. 
There is thus no nett sediment transport for a whole tidal cycle and 
equilibrium of channel form is attained. If the velocity is increased^ the 
channel will scour and if decreased siltation will occur. The tidal dis-
charge past any river section depends upon the volume passing this 
point over a tidal cycle,i.e. the upstream tidal prism (volume of water 
between high and low water). If the critical velocity for scour is 
approximately constant then channel area is related to the tidal prism 
upstream of the point being considered. 

An hydrographie survey of the river was made by the Department of 
Public Works in 1959 prior to the large scale sand dredging operations 
(see Figure 12) which have since been carried out, Channel areas 
taken during this survey have been plotted against the tidal prism up-
stream of the section as shown in Figure 13. A good correlation is 
obtained, although, as would be expected, the form of this relationship 
depends upon the type of bed material through which the channel is cut. 

Several points do not lie exactly on the curve, the most likely 
reason for this being local variation in bed materials or artificial deep -
ening of the channel by sand dredging as noted on the figure. 

Because of the good correlation obtained, Figure 13 can be used 
with some confidence to estimate the likely changes in channel areas 
chat will result in the long term as a result of the increased storage 
provided by the lake. 

^ The computed channel areas required to accommodate the increased 
tidal storage are shown in Table III. These have been calculated for 
Zone 2 only and also for Zone 1 + Zone 2 (see Figure 1) The in-
creased volumes of the tidal prism for Zone 1 and Zone 2 are approx-
imately 43 X 106 cubic feet and UxlO^ cubic feet respectively 
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Fig, 12 shows the above t ab l e in g r aph i ca l f o r m . The shor t dashed l ine 
(the lowest ) in th i s Figure^ shows the depth of channel r e q u i r e d (with the 
exis t ing width of channel) to a c c o m m o d a t e without any f u r t h e r s cour the 
flow of the t ida l p r i s m if the comple t e l ake w e r e c o n s t r u c t e d (Zones 1 and 
2 of F ig . 1), The ful l l ine shows the dep ths a s m e a s u r e d by the 
Un ive r s i ty of New South W a l e s ' echo sounder in 1967, It wil l be seen t ha t 
in many p l a c e s d r edg ing f o r sand h a s a l r e a d y deepened t h e channel below 
the n e c e s s a r y depth to p reven t s c o u r . W h e r e t h i s i s not t he c a s e , the 
cons t ruc t ion of the l ake wil l tend to s cou r the bo t tom and s i d e s of the r i v e r 
channel unt i l t he c r o s s sec t iona l a r e a i s g r ea t enough to c a r r y the i n c r e a s e d 
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flow without causing scour. Where the banks are rocky, all scour will 
occur on the bottom of the channel. The scouring effect would probably 
be a relatively slow process. By the time the lake is constructed, the 
existing vigorous activity in sand dredging along the river downstream of 
the lake will deepen adequately some sections which do not at present have 
adequate cross-sectional area. Until all cross-sectional areas are ad-
equate for full tidal flow, the tidal range in the Chipping Norton area will 
be slightly less than at present. 

Figure 14 shows the location of existing areas of erosion. 

5. 4 Measures Necessary to Prevent Erosion due to Increased Tidal 
Flow Resulting from Construction of Proposed Lake 

This question is discussed fully in Section 8,22 below, but some 
comments are also appropriate in this Section, 

If sand dredging had not occurred along the river channel downstream 
of the proposed lake, one objection to the lake proposal would have been 
that the increased velocity of flow due to the increased tidal prism volume 
would tend to scour (albeit slowly) the sides as well as the bottom of the 
river, at all locations except where the banks are rocky and not 
erodible. 

Due to the extensive sand dredging already carried out, and to the 
vigorous dredging activity still continuing, this objection becomes quit^ 
a minor one. 

Fig. 15 shows the action necessary to ensure that after completion 
of the lake bank scour will not occur. 

From the downstream end of the lake to Milperra Bridge, no 
development has occurred on the banks of the river, and sand dredging 
companies should be only too pleased to deepen the channel and slightly 
widen it to provide the necessary cross section. 

In the vicinity of Milperra Bridge, the banks have been developed, 
and have already been protected against erosion, presumably on account 
of scourmg from natural floods. This protection should be improved, as 
much of it is in bad condition. 

Near the Williams Creek confluence, some dredging of the bottom 
and consequent widening is desirable. There again, the area is 
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undeveloped and sand d r e d g i n g c o m p a n i e s should eas i ly be ab le to 
c a r r y out the r e q u i r e d d redg ing . 

F ina l ly , t h e s i t e of the s u b m a r i n e cab l e shown in F ig . 15 h a s been 
lef t s e v e r e l y a lone by sand d r e d g e r s . T h e r e f o r e , wi th the comple t ion of 
the lake , bo t tom s c o u r m a y b e expected , and a f t e r a t i m e , (pe rhaps a 
f a i r l y long pe r iod) p r e s u m a b l y t h e cab l e m a y b e suspended above the 
bottom of t h e r i v e r . 

5, 5 Flood Mi t iga t ion B e n e f i t s 

Flood l e v e l s d o w n s t r e a m of P r o s p e c t C r e e k wi l l be d e c r e a s e d a s a 
r e s u l t of the i n c r e a s e in channel a r e a . T h i s s e c o n d a r y benef i t of the 
proposed l a k e s c h e m e w a s not c o n s i d e r e d in the c o m m e n t s on flood 
s tud ies in Section 4 above« The m a x i m u m benef i t wi l l b e a t t a ined f o r 
nu i sance f loods o r t h o s e which at p r e s e n t jus t ove r top the banks . F o r 
m a j o r f loods t he i n c r e a s e in channe l a r e a i s v e r y s m a l l and only a 
sma l l r educ t ion in flood l e v e l s wil l r e s u l t . 

5 ,6 S u m m a r y of Resu l t s of Study of T ida l E f f e c t s 

The fol lowing i s a s u m m a r y of the conc lus ions r e a c h e d :-

(a) The cons t ruc t i on of t h e l ake wi l l m e a n in the f i r s t i n s t a n c e that 
the p r e s e n t t ida l f lows wil l be insuf f i c ien t to ma in t a in the ex is t ing t ida l 
r a n g e in the v ic in i ty of Chipping Norton, al though the r educ t ion in t ida l 
r a n g e wil l not be g r e a t . 

(b) The i n c r e a s e d t ida l s t o r a g e caused by the l ake wil l tend to 
c a u s e an i n c r e a s e d t ida l flow in the r i v e r channel d o w n s t r e a m of the 
lake, r e s u l t i n g in i n c r e a s e d v e l o c i t i e s at s o m e poin ts a long the r i v e r 
sy s t em. 

(c) T h e s e i n c r e a s e d v e l o c i t i e s wi l l c a u s e s c o u r of the bo t tom of t he 
r i v e r , (and of t he s ide s lopes of the r i v e r channe l w h e r e t he r i v e r b a n k s 
a r e m a d e up of e rod ib le m a t e r i a l ) at t hose poin ts w h e r e the ex i s t ing 
c r o s s - s e c t i o n a l a r e a of the r i v e r i s not adequa te to convey the i n c r e a s e d 
f low at n o n - e r o d i n g ve loc i ty . 

(d) The r a t e of e ro s ion cannot be p r ed i c t ed at t h i s s tage . 

(e) T h e l oca t i ons w h e r e such e ro s ion m a y o c c u r a r e shown in 
F ig s . 12 and 15. 
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(f) Dredging of the river channel already carried out downstream 
of the proposed lake has minimised these possible erosive effects, and 
the continuance of the existing vigorous dredging activity will continue 
to reduce the length of river channel along which erosion may be caused 
by the construction of the lake. 

(g) Due to deepening and widening of the river channel by sand 
dredging operations downstream of the proposed lake, any scouring 
of the banks of the river due to increased tidal flow caused by the existence 
of the lake will be of minor importance, and can be readily prevented by 
the measures proposed in Fig, 15„ 

(h) Any increase in the cross sectional area of the river downstream 
of the lake by scour effects of the increased tidal flow caused by the 
lake, or by the measures suggested in Fig, 15, will reduce flood damage 
downstream of the lake, and will be particularly effective in eliminating 
damage caused by the more frequent nuisance floods. 

(i) When the cross-sectional areas of the river channel have been 
increased to carry without scour the increased tidal volume, the tidal 
range in the lake will be the same as at present, i, e. the same as the 
ocean although lagging about 2i hours. 

6. Effect of Proposed Lake on Sedimentation 

6, 1 Introduction 

The widening of the river channel resulting from the construction of 
the lake would be expected to reduce the velocity of flow, and it is nec-
essary to investigate how much of the sand and silt load of the stream 
will settle in the lake, and whether this will result in serious shoaling 
effects. 

The sediment is of two types - heavy particles transported along 
the bed of the stream, and fine particles suspended in the stream, 

6. 2 Sediment Rating Curve 

The bed load of heavier particles at various flow rates has been 
estima.ed for a selected reach of the Georges River located approximately 
ie^on Liverpool Weir (see Fig. 16). The river in this 

L c t L n Ld'i" " 
ordeTradationT.^^^^''". equilibrium without any aggradation (silting up) 

degradation (scourmg). Consequently, the sand that moves down the 
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reach can be expected to pass into and through the Georges River 
Estuary. A longitudinal section of the reach is shown in Figure 17. 

Bed samples were obtained using a clam shell grab and gradings 
of 4 samples taken at the gauging section are shown in Figure 18. 
The average D35 grain size was 0. 37 mm and the average D55 grain 
size was 0. 32 mm (i, e. 65 percent by weight of the grains in the 
sample have a diameter smaller than Dg^ grain size and 3 5 percent 
smaller than the D35 grain size). 

The stage-discharge curve at Liverpool Rd. Bridge is shown in 
Fig. 19. 

Stage-discharge relationships for the reach were calculated from 
Manning's Equation using an estimated value of the roughness parameter 
of 0. 030. Water levels computed for various flow rates are shown in 
Figure 17. 

Using the above information, the bed load was computed over the 
range of discharges from 2, 500 c. f. s. to 160, 000 c. f. s. using the 
Bureau of Reclamation Step Method for the Modified Einstein procedure. 
The bed sediment rating curve so obtained is shown in Figure 20. 

6. 3 Average Annual Bed Load 

If the flow duration curve is known showing the percentage of time 
that a given flow occurs, this can be combined with the sediment 
rating curve to obtain the average annual bed sediment load. No dis-
charge measurements have been taken near the gauging site (catchment 
area 137 sq. miles) and the flow duration curve was synthesized by com-
parison with the records from the Nepean River at Nepean Dam. Dis-
charge records for the latter catchment are available over the period 
1919-193 5 whilst the catchment area (123 sq. miles) and flood producing 
characteristics are similar to those at the gauging site on the Georges 
River. The estimated flow duration curve is shown in Figure 21. 

The flow duration curve was combined with the bed load rating 
curve to obtain the bed sediment load-duration curve shown in Fig. 22. 
From this the total annual bed load was estimated by graphical in-
tegration at 26, 000 tons of sand per year. 

6. 4 Sand Inflow from Large Floods 

The sediment rating curve (Fig, 20) shows that there is no 
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s ign i f i can t sand t r a n s p o r t f o r r i v e r f l o w s be low abou t 2, 500 c . f . s . 
Under d r y w e a t h e r cond i t i ons t h e f low i s a l w a y s l e s s t h a n t h i s v a l u e , 
so tha t sand t r a n s p o r t o c c u r s only d u r i n g f r e s h e s and f l o o d s . C o m b i n -
ing t he s e d i m e n t r a t i n g c u r v e (F ig . 20) w i th t h e f l ood h y d r o g r a p h s 
shown in F ig , 3, t h e t o t a l sand t r a n s p o r t e d a s b e d l oad b y t h e 1 in 100 
y e a r f lood and t h e 1 in 25 y e a r f lood i s e s t i m a t e d at 12, 500 t o n s and 
2, 600 t o n s r e s p e c t i v e l y . 

6, 5 Shoaling of L a k e by Sand T r a n s p o r t 

The sand bed load wi l l b e d r o p p e d in t h e h e a d w a t e r s of t h e l a k e a s a 
de l t a which wil l g r a d u a l l y m o v e t h r o u g h t h e l a k e f r o m t h e u p s t r e a m end. 
A s s u m i n g a l a k e depth of 2 5 f ee t , an a v e r a g e w id th of 1200 f e e t at t h e 
u p s t r e a m end and a s e t t l e d d e n s i t y of 100 l b s . / cu , f t . , t h e a v e r a g e 
annual advance of the de l t a h a s b e e n c a l c u l a t e d at 20 f e e t p e r y e a r . Con-
sequent ly , m a i n t e n a n c e d r e d g i n g wi l l b e i n f r e q u e n t and t h e r e f o r e p r e s e n t s 
no p r o b l e m s . T h i s i s p a r t i c u l a r l y t h e c a s e s i n c e t h e sand i s a m a r k e t -
ab le p roduc t wi th an economic v a l u e , 

6. 6 Suspended Sediment Load 

In addi t ion to t h e sand bed load , t he r i v e r t r a n s p o r t s a c o n s i d e r a b l e 
amount of s i l t a s s u s p e n d e d s e d i m e n t . B e c a u s e of t h e l o w e r s e t t l i n g 
ve loc i ty , t h i s s i l t wi l l b e c a r r i e d f u r t h e r in to t h e l a k e and w i l l t end to 
s e t t l e m o r e u n i f o r m l y o v e r t h e bed of t h e l ake , o r p a s s r i g h t t h r o u g h 
the lake . 

Suspended s e d i m e n t s a m p l e s h a v e b e e n t a k e n f r o m t h e r i v e r u n d e r 
n o r m a l t ida l cond i t ions and d u r i n g r i v e r f l o o d s . S e d i m e n t c o n c e n t r a t i o n s 
a r e shown in T a b l e IV. 

T a b l e IV shows tha t t h e G e o r g e s R i v e r a b o v e C a b r a m a t t a C r e e k i s 
c o m p a r a t i v e l y f r e e of s i l t and s e d i m e n t c o n c e n t r a t i o n s a r e s i m i l a r fo 
bo th t i de and r i v e r f lood cond i t i ons . C a b r a m a t t a C r e e k and P r o s p e c t 
C r e e k show c o n s i d e r a b l y h i g h e r t u r b i d i t i e s but b e c a u s e of t h e i r s m a l l e r 
d i s c h a r g e s t h e i r t o t a l load would b e s m a l l e r . 

To e s t i m a t e w h e t h e r o r not c o n s t a n t d r e d g i n g of s i l t wou ld b e r e -
qu i red a f t e r t he l a k e h a s been c o n s t r u c t e d , t h e t o t a l s u s p e n d e d s e d -
imen t inflow h a s been c a l c u l a t e d f r o m t h e f low d u r a t i o n c u r v e ( F i g 21), 

T o T Z o V ' T n f 140 p. p, m . T h i s a m o u n t s t o 
s l t Z V Z u M i c r o s c o p i c e x a m i n a t i o n of t h e s e d i m e n t 
a ^ u f 0 02 r ^^ g - ^ i n s i z e of 
about 0. 02 m m . B e c a u s e of i t s s m a l l s i z e , s o m e of t L s i l t w i l l b e 
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ca r r i ed through the lake and not all of it will se t t le out. Using the 
theory of Camp (Reference 3) for set t l ing bas ins , the t r a p eff iciency 
of the lake has been es t imated at 28 percent . The suspended sediment 
i s t h e r e f o r e es t imated to accumula te in the lake at a r a t e of 29, 000 
tons per yea r . 

The quantity of sand to be dredged f r o m the lake i s g r e a t e r than 
10x10^ tons and consequently si l tat ion over the next 100 y e a r s p r e s e n t s 
no problems , 

6. 7 Summary of Resul ts of Study of Sedimentation 

Approximate sediment inflows both f r o m bed load and suspended 
sediment have been es t imated . This shows that the quant i t ies a r e v e r y 
small compared with the volume of the lake and no si l tat ion p rob l ems a r e 
anticipated in the fo r e seeab l e fu tu re . 

7. Effect of Proposed Lake on Pollution 

7, 1 The Es tuary Ups t r eam and Downstream of the Proposed Lake 

The p rob lems of pollution in the upper Georges River have caused 
concern to many author i t ies . Most of the pools along the r i v e r banks 
have been closed to swimming because of the danger of infection. 
Despite this , t h e r e have been no sys temat ic m e a s u r e m e n t s of pollution 
under varying f r e s h wate r inflows and tidal conditions in o r d e r to ev-
aluate the dilution potential of the es tuary and i t s abili ty to d i scha rge 
was tes which flow into the es tuary. 

The lake will benefi t pollution cons iderably by inc reas ing the t idal 
s torage nea r the headwate rs where it will do the mos t good. 

Af te r t idal equil ibrium has been obtained, the additional t idal 
s torage avai lable within the lake will be approximately 57 x 10^ cubic 
feet . This wa te r will mix with pollutants which enter the e s tua ry p ro -
ducing much g r e a t e r dilution than o c c u r s at p resen t . 

To supply the additional wate r s tored in the lake, t idal d i s c h a r g e s 
will be i nc reased in the r i v e r channel downst ream of the lake and the 
benef i t s of the lake will extend into th is section with p rog re s s ive ly 
sma l l e r benef i t s with d is tance downst ream. The percen tage i n c r e a s e 
in t idal s t o r age above East Hills i s es t imated a s 75 pc. whilst above 
M i l p e r r a the percen tage i n c r e a s e i s 170 pc. 
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There will be no change in pollution levels upstream of the lake 
because it receives no benefit from the increased tidal storage, 

7. 2 The Lake 
7.21 Introduction 

One of the possible sources of pollution in the proposed lake would 
be the accumulation of surface debris as a result of continuous stagnant 
conditions during a tide cycle, A special model investigation was 
carried out to determine the pattern of tidal flow through the lake so 
that this problem could be evaluated» 

7. 22 The Model 

The model was that used previously to study the effect of the con-
struction of the lake on flood flows with some modifications. The model 
scales were 1:100 vertical and 1:900 horizontal giving rise to a time 
scale of 1:90 on a Froude model basis. Hence on the model a tide 
cycle should be completed in approximately 8 minutes. Tide flow was 
simulated by displacing water from a sump at the downstream end of 
the model by means of a 14 inch square piston. The piston was man-
ually driven by means of a screw threaded crank handle and operated 
such that an approximate sinusoidal relationship existed between time and 
the flow rate into or out of the model, A labyrinth was constructed at the 
upstream end of the model to simulate the river reach to Liverpool wei?, 
the limit of tidal influence. 

For the previous study of the effects of the lake on flooding, a depth 
of water of 28 ft, in-the lake was adopted. If the model was operated 
according to Froude similarity a 12, 4 hour tidal period would be. re-
produced over 8 minutes in the model. At this time scale and with a 
28 ft, water depth Reynolds Numbers for the model would be e x t r e m e l y 
low (between 200 and 400) and it is doubtful whether the model would 
accurately simulate prototype flows. 

The main objective was to detect lake areas which would not be 
subject to tidal flushing rather than quantitative estimates of tidal 
velocities and flushing times. It was therefore possible to carry out 
qualitative tests on tidal flow patterns by making the following adjust-
ments to the model: 

(i) The lake was shallowed and the bed overlain with 3/ 4 inch sharp 
edged blue metal to promote turbulence throughout the lake model. 
The resulting mean depth was about 13 feet prototype 
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(ii) The t ime sca le was d i s to r ted . The model was run at model t ide 
pe r iods of 4 minu tes and 2 minutes , ins tead of the 8 minu tes 
calculated f r o m the F roude c r i t e r ion . The above modif ica t ions 
resu l t ed in model Reynolds Number s of about 1000 for the 4 
minute cycle and about 2000 for the 2 minute cycle. These 
va lues of Reynolds N u m b e r s and the sha rp edged gravel bed 
ensured that turbulent conditions prevai led in the model . The 
two d i f ferent t ide pe r iods w e r e used to de t e rmine if the model 
flow pa t t e rn s w e r e sens i t ive to d is tor t ion of the t i m e sca le . 
If flow pa t t e rn s for both w e r e ident ical it can be reasonably 
assumed that the flow pa t te rn for the § minute period (12.4 
hours prototype) would a lso be s i m i l a r . 

7. 23 Tes t Resul ts 

Photographic techniques w e r e employed to r e c o r d flow pa t t e rns 
on the model . Resul t s w e r e r eco rded only a f t e r s eve ra l t ide cyc les 
had been passed through the model to obtain equil ibrium conditions. 

(i) Still Photography 

Five second t i m e exposure r eco rded confett i s t r eak pa t t e rns on 
the water s u r f a c e for both the 2 minute and 4 minute t ide per iods . 
Ebb and flood t ides w e r e photographed at mid t ide. The pa t t e rns so 
recorded w e r e ident icial fo r the 2 minute and 4 minute t ide per iods . 
F igures 23 and 24 show typical examples for the 4 minute per iod. 
The length of the s t r eak l ines in the photographs indicate the r e l a t ive 
velocity magni tudes . 

(ii) Movie Photography 

Movie f i lm of the 4 minute t ide cycle was taken at 12 f r a m e s per 
second and of the 2 minute cycle at 24 f r a m e s per second. When 
projected both cyc les appear to have the s a m e period,al lowing easy 
compar ison. The f i lm shows that the flow pa t t e rns a r e identical , 

7. 24 Discuss ion of Resul ts 

The flow pa t t e rns for the two t ide pe r iods tes ted w e r e ident ical 
and t h e r e f o r e insens i t ive to d is tor t ion of the t ime scale . Con-
sequently F i g u r e s 23 and 24 can t h e r e f o r e be taken a s indicative of 
the flow pa t t e rns that will occur in the lake for a 12. 4 hour t idal 
cycle. The following points a r e noted:-
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(i) On a flood tide,floating debris could be trapped in the central 
regions of eddies at A and B in Figure 23a. Such debris would, 
however, be flushed from these regions on the ebb tide. 

(ii) For both ebb and flood tides, low velocities occur in the hatched 
regions shown in Figures 23a and 24a. Here, however, the 
direction of flow is non reversible^being the same for both ebb 
and flood tides,allowing floating debris to eventually complete 
its circuit into swifter flowing currents, 

(iii)In Figure 25 the pattern of surface currents through the lake under 
flood conditions is shown. These are significantly different to the 
tidal patterns (as shown in Figures 23 and 24) because of the large 
tidal storage provided by the lake. During a flood,floating debris 
may tend to accumulate in the reverse eddy regions. D, E and F. 
However, as these regions are in areas of strong tidal currents 
they will be adequately cleared after the flood recedes. 

In brief, model tests show that adequate tidal flushing will occur. 
There are no stagnant areas within the lake and floating debris will 
gradually travel downstream and out to sea. 

8. Effect of the Proposed Lake on Bank and Channel Stability 

8, 1 Introduction 

The previous sections have discussed the effect of the construction 
of the lake on all aspects of river behaviour. This section considers 
the following questions :-

(i) How changes in river behaviour may affect scouring and bank 
erosion in the estuary upstream and downstream of the lake, 

(ii) To what profile should the lake banks be constructed to en-
sure permanent stability, especially in relation to protecting 
the boundaries of adjoining properties. 

2 The Estuary Upstream and Downstream of the Proposed Lake 
Effect of Floods on Scour and Bank Erosion 

The lake will appreciably reduce flood levels near Warwick Farm 
racecourse (see Section 4) and flood gradients will be increased in the 
river immediately upstream of the lake and in Cabramatta Creek. The 
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higher velocities may be expected to cause some local scour of the 
channel bed during periods of flooding, and local bank erosion may re -
sult. The river in this section is well confined between banks and it 
is unlikely that any serious damage to property will occur. 

However, the sand in the bed of the river is a valuable asset, and 
to avoid any possibility of bank erosion in this location, it is obviously 
wise to license sand extraction operators for dredging where necessary 
in the reach above the entrance to the lake, in order to provide the 
necessary channel capacity for flood discharges so that the velocity of 
flow will be no greater than at present occurring during flood. Further 
investigation of the soil properties in the channel and bed would be re -
quired before the extent of necessary dredging could be specified. 

8. 22 Effect of Tidal Flow on Scour and Bank Erosion and Necessary 
Precautions to Prevent Bank Erosion 

The increased tidal storage of the lake will increase tidal velocities 
in the downstream river channel as discussed in Section 5. To prevent 
scour of the bed the cross-sectional areas of the channel must be in-
creased to those shown in Column 5 of Table III in Section 5. 3. Over 
recent years sand dredging operations have already achieved this at 
many locations. Fig. 12 compares the present depth with that required 
after completion of the lake scheme. This figure shows that there are 
three areas which at present do not have sufficient channel capacity. 
These are: -

(i) The reach between Prospect Creek and Milperra. 
(ii) A reach at the junction of Williams Creek and Georges River, 
(iii) A reach at Sandy Point where a submerged cable crossing the 

river is located. 

It is likely that some bank erosion will occur if scour of the river 
channel is allowed to develop naturally in these localities. To avoid 
problems from this cause it is recommended that remedial measures 
shown in Fig. 15 and discussed below be undertaken in conjunction with 
the construction of the lake. 

(a) Milperra Region 

As a number of homes are built along the edge of the river in this 
region, bank erosion and channel widening must be controlled. Widening 
of the bank in the areas shown in Fig, 15, in conjunction with sand 
dredging, is suggested as a satisfactory solution. 
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Downstream of Milperra Bridge, the channel capacity for tidal 
flows appears to be adequate (see Fig. 12). However, it is possible 
that the increase in tidal flow could cause local increases in velocity 
due to the complex flow patterns associated with the bridge and the 
sharp S-bend in the river in this locality. This may increase bank 
erosion requiring additional local protection. Further investigation 
is necessary before exact requirements can be determined. The 
homes on both sides of the river in this area are generally protected 
against bank erosion by rock or brick retaining walls. Many of these 
are, however, in bad condition and show signs of collapse. 

(b) Williams Creek 

Since deepening would be required to reduce the tidal velocities at 
this location, it is likely that some bank erosion may occur. As the 
right bank is stabilized by mangrove swamp, scour would probably be 
concentrated on the left bank in the vicinity of the Deepwater Motor 
Boat Club. To avoid this, it is recommended that the river be 
widened on the right bank in conjunction with dredging of the bed. 

(c) Sandy Point 

At this location the river is contained within sandstone foreshores 
and bank erosion is not a problem. However, scour of the bed could 
leave suspended the submarine cable which crosses the river at this 
point. To avoid this problem, it is recommended that the cable be 
relocated just upstream where dredging operations have already en-
larged the river to a sufficient capacity. 

8. 23 Summary 

Construction of the proposed lake will result in:-

(i) An increase in flood gradients and velocities in the river channel 
upstream of the lake: 

if^^ease in tidal velocities in the river channel downstream 
of the lake. 

As a result of this change the bed will scour and some bank erosion 
may occur To avoid problems arising from this erosion, it is 

I ' ^^^^^^^ ^^^ ^id^^ed at the critical locations shown m Fig, 15. 
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8. 3 Stability and Protection of Bank Slopes in Dredged Areas 

8. 31 General 

At present there appears to be a blanket restriction imposed by 
Council which states that dredges may not operate closer than 100 
feet to any road or property boundary. It is assumed that this reg-
ulation does not refer to the distance between the property boundary 
and the water-land boundary, which would be considerably less, be-
cause of the soil slopes between the location of the suction intake to 
the dredge and the water surface, 

A blanket restriction as above is obviously only applicable to a 
fixed set of the following characteristics:-

(i) Soil type 
(ii) Dredging depth 
(iii) Relative levels of the ground surface and the water surface. 

Where dredging depths, soil types and ground levels vary the allow-
able distance will also change. 

The investigations described in this section refer particularly to 
the landward boundary of zone 2, the zone planned to be mined by 
Hollywood Sands Pty. Ltd. However, the findings will be applicable 
to any of the proposed lake boundaries provided the soil consists pre-
dominantly of non cohesive sands. 

8. 32 Soil Types 

Soil types near the landward boundary of zone 2 were determined 
by the following means 

(i) The inspection of two open pits by the authors. Depth of the 
pits was 13 feet. 

(ii) The inspection of existing dredging operations at the North West 
End of zone 2. 

(iii) Information given to the authors by Hollywood Sands Pty. Ltd. on 
soil types to 30 feet depth. 

It is apparent that the soil type is not uniform over the whole area. 
The top soil exists to a depth of 8 to 10 feet and varies from a non 
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cohesive granular soil in some locations to sandy loams in others. 
Below the top soil the materials consist almost entirely of non c o -
hesive sands. However, there are some clay seams of high plasticity 
which traverse these sands. 

Because of the predominance of sand in the area the studies have 
assumed the banks to consist of granular materials, 

8, 33 Analytical Studies of Stable Bank Slopes 

This phase of the investigation was carried out using circular arc 
failure analysis. 

(i) No Seepage Case 

For banks of sandy materials, with no seepage occurring, slopes 
of 33° to the horizontal (1 on 1, 54) would be just stable (see Figure 26). 
This is the angle at which stock piles of sand would normally stand. 
However, seepage often occurs, particularly in the banks of estuaries 
where water level variations due to tides occur. Therefore for design 
purposes seepage should be allowed for by circular arc failure analysis. 

(ii) Seepage Case 

Seepage results in saturation of the soil above the river or lake 
water level, increasing both the soil weight and neutral"^ pressures. 
Both reduce the stability of the slope. The ground surface along tne 
road boundary of zone 2 (Fig, 2) is 13 feet above Indian Spring Low 
Water+ (I. S. L. W. ), that is about RL. 10, 5, The most severe seepage 
condition would occur after the subsidence of a flood which had in-
undated over bank areas. Above I. S, L. W, there would be 13 feet of 
saturated soil with seepage occurring as in Fig. 27a, A 33° bank 
slope would be unstable. Circular arc analysis shows that a c r o s s 
section as shown in Figure 27b would be stable with 27° slope (1 on 
1, 96) below water and an 18° slope (1 on 3. 08) above water, 

8, 34 Field Observation of Bank Slopes 

Field inspections have been made of bank slopes in the following 
locations :-

(i) Above Water Slopes of Natural River Banks 

+ 

between water level and natural 
Water pressure in the soil between the grains of soil. 
Water level below which the tide seldom falls. 
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surface of up to 40°. Except where supported by large trees these 
banks are not considered permanently stable under seepage conditions 
that would result from severe flooding. 

(ii) Artificially Sloped Banks 

Artificially shaped banks at Milperra Road Bridge slope at 20° 
above water level. They have experienced moderate flooding and 
appear quite stable, 

(iii) Under Water Slopes in Freshly Dredged Areas 

At the present workings of Hollywo(jg Sands Pty. Ltd. these stand 
at about 34° (depth 30 to 40 feet). This/close to the 33° angle of repose 
estimated from stock piles. These slopes have not been subject to 
seepage conditions resulting from severe floods. 

In addition to the above observations it must be remembered that 
the circular arc analysis of Section 8.33 assumed a water surface in 
the soil corresponding to ground level. It is doubtful if in practice 
this condition would occur in highly permeable sands. Flood recessions 
would be slow enough to allow the sand masses to drain in such a 
fashion that the water table at the bank slopes would be below ground 
level. The water table would then grade towards the overbank ground 
surface as shown in Figure 28. . 

Flood Level >.^Ground Surface ^y///^/// 

Water Level 
Probable Water Table 
after Flood Recession 

Fig. 28. 
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The foregoing observations indicate that the estimates of stable 
slopes derived analytically in Section 8, 43 are reasonable and prob-
ably a little conservative. 

8. 3 5 Bank Protection from Tidal and Flood Current Scour 

Flood velocities are estimated at about 0.25 f. p. s. through the 
lake. Tidal currents will be even slower« The magnitude of these are 
too small to disturb the bank material and no special protection is re-
quired for this aspect. 

8. 36 Protection from Wave Action 

Wave conditions at the lake boundaries have been estimated by the 
procedures outlined by the U« S„ A, Beach Erosion Board for estimating 
waves in inland reservoirs. The effective fetch length over which the 
wind adds energy to waves, varies with location along the lake boundary. 
Typical values are approximately 2000 ft, at the inlet and outlet of the 
lake and 3000 ft, towards the centre. Wave conditions for various wind 
speeds for these fetch lengths are shown in Table V, 

Table V: Wave Conditions (Significant) at Lake Boundaries for 
Various Wind Speeds, 

Wind M in. Wind Duration Significant Wave Significant Wave 
Speed in minutes for Max, Height Period 
mph Wave Conditions :ft, ) (sees. ) 

2000 ft. 3000 ft. 2000 ft. 3000 ft. 2000 ft. 3000 it. 
Fetch Fetch Fetch Fetch Fetch Fetch 

10 17 23 0, 25 0. 30 1. 0 1.2 
20 13 17 0, 55 0, 65 1,4 1,6 30 11 14 0, 80 0, 95 1. 7 1. 9 40 9 12 1, 10 1, 30 1. 9 2, 1 50 8, 5 11 1.40 1. 65 2. 1 2,4 60 8 10 1, 70 2, 00 2, 3 2.6 70 7 9 2, 00 2,40 2, 5 2, 7 

While the slopes of Figure 27b are stable against seepage they would 
be unstable against wave action. The following alternatives for wave 
protection exist :-

(i) Construction of a flat beach slope (Figure 29) 
(11) Provision of rip rap protection (Figure 29), 
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8,361 Beaching Slopes 

A beaching slope between 1 in 10 and 1 in 15 to a depth of 6 feet 
below low water would be required as this is typical of beach sections 
in protected areas of Sydney Harbour which have similar wave conditions 
to those expected on the lake. Below this depth a 30 degree slope angle 
could be used (see Figure 29b), These beaches would provide a desirable 
recreational facility along the lake boundary while the presence of waves 
will help keep them free of silt. 

8. 362 Rip Rap Protection 

Table 5 shows that significant wave heights of between 2 and 2 ,4 feet 
will occur on the proposed lake. The bank surface of Figure 27b can be 
protected as shown in Figure 29a, the rip rap extending f rom 6 feet below 
low water to 4 feet above high water. 

A suitable grading for stone rip rap protection is given in Table 6, 
Angular quarry rock is to be preferred. Rounded r iver gravel should be 
avoided. The grading shown is not rigid providing the s izes in the D75 
to D50 range are maintained, "Run of Quarry" material would probably 
be suitable. The rip rap need not be hand placed but should be dumped 
and smoothed by adjusting the rocks to obtain a stable mass with no un-
filled voids. 

It is necessary to underlay the rip rap by a bed of finer gravel or 
filter layer. This prevents the relatively finer natural bank material 
from being washed f rom under the rip rap causing the collapse of the 
slope. 

Provided a reasonably well graded rip rap is used only one filter layer 
is required. This would be a 6 inch filter of the grading shown in Table 
6, Again this grading is not rigid providing the D75 to D50 range is main-
tained. 

The level of RL. 7. 5 recommended for the top elevation of the rip 
rap protection (Figure 29) is based on considerations of wave run-up, 
river level changes f rom minor freshes , speed boat activity etc. How-
ever, where the water i s predominantly fresh^ a lower elevation, for 
the rock with grass protected banks above this level may be used. This 
elevation is the limit to which grass will satisfactorily grow under the 
prevailing conditions. 
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Table VI 

Layer ^100* ^85 ^75 ^50 ^15 D 0 Minimum 
Thickness 

Rip Rap 
Filter Bed 

15" 
4" 

12" 
3" 

10" 
2" 

8" 
1" 

5" 
3/16" 

3" 
1/8" 

15" 
6" 

Example D^^ = lO" means that 75 pc. by weight of rock must pass a 
10" square sieve. 

8, 37 Summary 

From the studies described in this report it is recommended that 
banks bordering the sand dredging areas conform to the cross-sections 
shown in Figure 30. These sections will be stable provided the soils 
are generally sandy or sandy loams in nature. Should regions of clay 
or compressible soils be encountered, special treatment based on more 
complete soil surveys may be required. These would need to be in-
vestigated as they are encountered. 

Based on the section shown in Figure 30 the safe dredging distance 
from property boundaries, as related to the depth of dredging can be 
computed. This is shown in Figure 30c and refers to the distance be-
tween the suction intake to the dredge and the boundary line. The land-
water boundary as a result of the sand slope will of course be consider-
ably closer. This diagram indicates that for a distance of 100 feet be-
tween the dredge and the boundary the dredging depth should not exceed 
25 ft. for natural ground surface at RU 15. 5 or 33 ft. for natural 
ground surface at RL, 10, 5. 

Loading of the soil surface adjacent to the top of bank such as by 
houses or roads should not be allowed within 20 feet of the top of the 
bank. Where such conditions are likely the distances shown in Figure 30' 
should be increased by this amount. 

9. Possible Construction of a Weir 

The investigation described in this report has concentrated on a 
lake which IS allowed to develop its full tidal capacity. Such a proposal 
has the advantages that it reduces flood damage, reduces pollution and 
improves navigation. It has the disadvantages that problems from scour 
of the river channels will require some dredging and bank control works 
to be carried out in conjunction with the construction of the lake. 
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An alternative proposal to the above would be to provide a weir or 
control at the downstream end of the lake which partially or fully ex-
cludes the tide. This would eliminate the bank protection and channel 
improvement works required downstream. However, the benefits which 
the lake has to flooding, navigation and pollution would then be reduced 
and consequently this proposal is not favoured. 

10. Proportion of Volume of Lake in Fairfield and Liverpool 
Municipalities 

The major portion of the volume of the lake is in the Liverpool 
Municipality, shown as Zone 1 in Fig. 1. Excavation for sand has pro-
ceeded so far in this region (see Photograph 1) that it seems to the 
authors that it is too late to cancel Liverpool Council's intention to con-
struct a lakes even if such cancellation were wise and desirable. The 
volume of water in Zone 2, in which Hollywood Sands are interested, and 
which is in Fairfield Municipality, is only 96 x 10^ cubic feet, as com-
pared with 279 X 10^ cubic feet for Zone 1. 

11. Conclusions 

11. 1 General 

The proposed lake is a desirable public amenity which will bring to 
the community considerable benefits in recreation, flood mitigation, 
provision of much needed sand for the development of Sydney, and mit-
igation of pollution but it would be wise to take the precautions r e c -
ommended in Sections 8. 2 and 8. 3 of the report. 

11.2 Flood Mitigation 

(a) The construction of the lake will reduce materially flood damage 
in the vicinity of the lake and upstream for some distance. 

(b) If the action recommended in Section 8. 22 of the report is 
carried, the construction of the lake will reduce flood damage down-
stream of the lake. 

11.3 Tidal Flow 

(a) Unless the action recommended in Section 8. 22 of the report 
is taken, it is expected that there will be a tendency to scour the 
bottom and sides of the river channel at the locations shown in Fig. 15 
of the report. 
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(b) Until t h i s act ion i s taken , t h e r e wi l l b e a r e d u c t i o n in t i d a l 
r a n g e at Chipping Norton, which at p r e s e n t i s t h e s a m e a s tha t of t he 
ocean, but lagging 2j h o u r s . 

11 .4 Sedimentat ion 
The es t ima ted v o l u m e s of bed load and s u s p e n d e d s e d i m e n t wh ich 

wil l s e t t l e in the l a k e a r e so s m a l l in r e l a t i o n to t h e v o l u m e of t h e l a k e 
that no s i l ta t ion p r o b l e m s a r e an t ic ipa ted in t h e f o r e s e e a b l e f u t u r e . 

11 .5 Pollut ion 
The l ake will m i t i g a t e pollut ion e f f e c t s by i n c r e a s i n g t i d a l s t o r a g e 

nea r the headwate r s , w h e r e the i n c r e a s e d di lu t ion wi l l h a v e t h e m a x i m u m 
effect . F u r t h e r , t h e r e a r e no s tagnant a r e a s wi th in t h e l a k e t h u s 
prevent ing the accumula t ion of pocke t s of d e b r i s . 

11.6 Bank and Channel Stabili ty 
(a) The cons t ruc t ion of the l a k e wil l have no e f fec t on r i v e r banks , 

except at t he loca t ions shown in F ig . 15 and p e r h a p s in t h e s m a l l 
sect ion r e f e r r e d to in Section 8. 21. 

(b) Provided it i s spec i f ied that t he b a n k s of t h e l a k e b e c o n -
s t ruc ted to the spec i f i ca t ions outl ined in F i g u r e s 29 and 30 t h e b a n k s 
will be s table agains t s eepage and no e r o s i o n wi l l r e s u l t f r o m wave 
action or f loods. 
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Photograph I : Aer ia l photo of Georges River and Prospec t 
Creek (flow is from top to bottom). 

(by courtesy Dept 
Lands, Sydney) 



Photograph 2 • Hydraulic moHel showing proposed lake, 



FIGURE 1: GENERAL PLAN OF GEORGES RIVER ESTUARY 
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Fig„ 2 : Plan of Proposed Lake . 
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Fig, 4: Extent of the Model, 
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FIGURE 5 : FLOOD LEVELS FOR 1956 FLOOD 
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Fig. 11: Georges River Tidal Data 



WATER SURFACE 

FIGURE 12: GEORGES RIVER LONGITUDINAL SECTION 
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FIGURE 13: GEORGES RIVER TIDAL PRISM VERSUS 
CROSS SECTION AREA 

CE-D-7173 
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FIGURE 14: GEORGES RIVER: LOCAT ION OF E X I S T I N G E R O S I O N 
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FIGURE 15: GEORGES RIVER: REMEDIAL MEASURES TO COUNTER EFFECTS OF 
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FIGURE 16: GEORGES RIVER REACH 

UPSTREAM OF LIVERPOOL WEIR 
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FIGURE 17: LONGITUDINAL SECTION, GEORGES RIVER R E A C H U P S T R E A M OF LIVERPOOL WEIR 
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FIGURE 18: BED SEDIMENT G R A D I N G CURVE 

GEORGES RIVER UPSTREAM OF LIVERPOOL WEIR 
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FIGURE 19: STAGE DISCHARGE CURVE, LIVERPOOL ROAD BRIDGE 
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GEORGES RIVER 
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Figure 23 : Flood Tide Flow Patterns. 



(a) Key to Flow Direction 



(b) Photographic Test Result. 



Figure 24: Ebb Tide Flow Patterns. 
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(a) Key to Flow Direction 



(b) Photographic Test Result 



Fig.2 5: Flow Pattern when River is in Flood, 



Wafer Leve l 

(Q.)FULLY SUBMERGED ZERO NEUTRAL STRESS 

i.e. No seepage from bank soil mass into 
lake 

Water Table 

(b.)PARTIALLY SUBMERGED ZERO NEUTRAL STRESS 

i.e. A horizontal water table exists at the 
same level as the lake 

(c.) DRY SOIL - NO WATER PRESENT 

Fig, 26: Stable Bank Slopes - No Seepage Case. 



Flood Levels Top of Bonk 

Soil above low water saturated. Seepaqe 
occurrinq due to the drainaqa of the 
flood plain soils 

(a.) UNSTABLE 

Flood Level >Top of Bank 

(b) STABLE (Derived from circular a r c analysis') 

Fig. 27: Stable Bank Slopes - Seepage Case, 



Top of Rip Rap R.L 7-5 
15 Rip Rap Layer 

Se« Tabic 

Bottom of Rip Rap R.L.-8-5 fe Filter Blanket 
See Table I. 

(a.) RIP RAP PROTECT ION 

b.) FLAT BEACH SLOPE PROTECTION 

Fig, 29: Wave Protection, 



R.L. 15-5 

Averogg Ground Surface R.L lO 5 
High Water Springs R.L3 5 

Safe dredging distance(S)given in graph 

Note: If ground surface is 
higher than R.L IO-5 the 18° 
slope must be extended to a 
maximum height of R.LI5'5 

If banks border proposed 
lake, rip rap wave protection 
reguired. See Section 4-21 
and Figure 5a. For other 
locations grassing only is 
necessary See Section 4 0 

( a ) FOR LOCATIONS WHERE STEEP BANKS ARE ACCEPTABLE 

High Water Springs R.L3-5 
Indian Spring Low Water R.L-2-5 

R.L. 7 5 

Retaining wall 

/ .H-18" 
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'E •3 -20 
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(b.) FOR LOCATIONS W H E R E A STABLE &EACH IS 
R E Q U I R E D 

Note: If ground surface 
is higher than R.L. 7-5 
then > 
(i) a small retaining wall 

could be constructed 
from this point 

OR ^ 
(ii)an unsupported 18 

slope may be constructed 
from this point to a max. 
height of R.L. 15-5 
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Fig. 30; Recommended Safe Dredging Distances. 




