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(ii) 

S u m m a r y 

Reclamation of inlets along the foreshores of the Georges River 
Estuary has been proposed. Hydraulic studies have shown that the 
proposed works will affect the river regime.to some extent. Tidal 
velocities will be reduced by up to 10 percent leading to siltation of 
the river channels. A maximum reduction of 10 percent in the cross 
sectional areas of the river channels is forecast if all the proposed 
works are carried out. 

The proposed works will also increase the pollution problem to 
some extent by reducing the tidal storage available for dilution of con-
taminants introduced into the river. However, as no systematic data 
are available, a satisfactory appraisal of the extent of the problem can-
not be made at present. 

As the river regime will be upset by reclamation works, it is 
considered unwise to proceed with large scale schemes, such as that 
proposed for Lime Kiln Bay, without first carrying out a study of the 
ultimate reclamation requirements for the estuary. From such a 
study, a scheme could be selected which best serves the requirements 
with minimum detrimental effects to the facilities provided by the 
river. An adequate programme of data collection must be completed 
before such a study could be undertaken and a sound engineering 
appraisal made of the long term effects of the proposed works. 

The need for a more unified approach to the study of future prob-
lems is stressed. It is recommended that consideration be given to 
the formation of a joint committee to look at the present and future 
planning for the basin and in particular to initiate a programme of data 
collection. 

In the course of the study, hydraulic and hydrologie information 
has been obtained which will give a sound basis for future studies in 
the Rivér Basin. 
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1. Introduction 
jueRA^ 

In connection with some current and proposed lore snore im-
provement works in the lower reaches of the Georges River, N. S. W. , 
a request was received by Unisearch Ltd, from the St. George and 
Sutherland Dredging and Reclamation Committee for advice on several 
aspects in the planning and design of the works. 

A preliminary report was issued (W. R. L. Tech. Report No. 6 4/3) 
in which the problems involved were outlined and suggestions made for 
further studies. These studies have now been completed as far as 
existing data permits, and details are given in this report. 

Although the dredging and reclamation works proposed are local 
in nature, their effects on the estuary as a whole cannot be discounted. 
Damage has resulted in the past f rom neglecting the long term changes 
in the river regime brought about by engineering works. By the time 
the damage became manifest it was often too late to rectify, except at 
great cost. A river knows no man-delineated boundaries, and modern 
engineering opinion recognises that the river basin should be the small-
est unit for overall planning. Ideally the development and control by 
man of the land, vegetation and water resources should be planned 
basin wide and with consideration of all types of uses. To consider all 
aspects related to planning and development of the Georges River Basin 
is beyond the scope of this report but it is the objective to promote a 
unified approach to planning problems. 

2. The Need for Unified Study 

It is clear that over the next fifty years very great development 
will occur in the Georges River Basin. As residential areas develop 
there will be an increasing demand for the recreational facilities pro-
vided by the river whilst industrial expansion will place added require-
ments on the r iver 's water resources. It is desirable that land and 
water resources should be utilized presently and in the immediate 
future to the maximum advantage of the community as a whole. Study 
is needed of the present and future requirements for navigation, land 
usage, reclamation, soil conservation, irrigation, channel improve-
ment, flood mitigation, sewage and industrial waste disposal, control 
of bank erosion, fish and wild life preservation, oyster farming, and 
the provision of recreational facilities in aesthetic surroundings. 
Some of these features are at present being studied by the local. State 
and Federal Authorities concerned, but on a piecemeal basis with 
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little evidence of co-ordination between them. The division of in-
terests is briefly summarized in Table 1. 

Table 1. 

Authority Nature of Interests 

Local Councils Flood control, recreation, foreshore 
reclamation, dredging, pollution, town 
planning, shoreline erosion, c o m m e r c -
ial development. 

State Planning Authority 
of N. S. W, Town planning, recreation. 

Public Works Department 
(New South Wales) 

Flood control, navigation, r iver stab-
ility, siltation and erosion. 

Maritime Services Board of 
New South Wales 

Navigation, harbour development, 
pollution, waste disposal. 

Metropolitan Water Sewer-
age and Drainage Board 
(New South Wales) 

Storm water disposal, flooding and 
drainage, sewerage and waste d is -
posal. 

Water Conservation and 
Irrigation Commission 
(New South Wales) 

Irrigation, flood control, conservation. 

Australian Atomic Energy 
Commission Waste disposal. 

Department of Civil 
Aviation (Federal) Airport development. 

Health Department 
(New South Wales) Pollution 

State Fisheries 
(New South Wales) 

Fishing and oyster farming. 

Department of Main Roads 
(New South Wales) 

Flooding and drainage 
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T h e r e i s an u r g e n t need f o r a c o - o r d i n a t e d p r o g r a m m e . How 
t h i s should be done i s open to ques t ion . Much can be done by 
s e t t i n g up a C o m m i t t e e r e p r e s e n t i n g the v a r i o u s i n t e r e s t s to look 
at t he o v e r a l l d e v e l o p m e n t of the b a s i n and to c o - o r d i n a t e the 
w o r k of the v a r i o u s bod ies c o n c e r n e d . F o r e x a m p l e , s t u d i e s of 
r i v e r pol lu t ion , f lood c o n t r o l , r i v e r s i l t a t i on , i n d u s t r i a l w a s t e 
d i s p o s a l , o y s t e r f a r m i n g , f i s h e r i e s and land u s e a l l r e q u i r e a 
knowledge of f r e s h w a t e r inf low. Desp i t e t h i s r e q u i r e m e n t t h e r e 
i s no r e l e v a n t gauging s t a t i o n e s t a b l i s h e d on the r i v e r or i t s t r i b -
u t a r y c r e e k s . P a s t s t u d i e s have r e q u i r e d the u s e of s u b j e c t i v e 
m e t h o d s with t h e i r consequen t l i m i t a t i o n s to e s t i m a t e flow con -
d i t ions . Although it m a y be a rgued by any one of the d e p a r t m e n t s 
c o n c e r n e d tha t i t s w o r k a lone does not j u s t i f y the expense of e s -
t a b l i s h i n g and o p e r a t i n g a gauging s t a t i on , when c o n s i d e r e d t o -
g e t h e r t h e r e i s no doubt of the need and economic j u s t i f i c a t i o n . 
Ano the r e x a m p l e c a n be found in the exce l l en t h y d r o g r a p h i e c h a r t s 
p r o d u c e d by the D e p a r t m e n t of Pub l ic W o r k s in 1961. T h e s e w e r e 
p r o d u c e d m a i n l y f o r nav iga t ion , and c o v e r the r i v e r channe l f r o m 

the mou th to the l imi t of t i d a l in f luence . The m a j o r bays on 
the d o w n s t r e a m r e a c h e s have not , h o w e v e r , been s u r v e y e d , n o r 
h a s the W o r o n o r a R i v e r no r Salt P a n C r e e k , and consequen t l y the 
u s e of the m a p is l i m i t e d to the p u r p o s e fo r which it was p r e p a r e d . 
If a c o m p l e t e s u r v e y had b e e n m a d e at the t i m e it would have p r o -
v ided a b a s e p lan f o r p r e s e n t and f u t u r e i nves t iga t ions to s tudy 
o t h e r a s p e c t s such as pol lut ion, s i l t a t i on , d redg ing e tc . When c o n -
s i d e r e d a lone , it is un l ike ly tha t any s ing le s tudy would j u s t i f y the 
cos t of c o m p l e t i o n of the c h a r t but co l l ec t i ve ly t h e r e is no doubt of 
i t s e c o n o m i c j u s t i f i c a t i o n . The cos t would now be c o n s i d e r a b l y 
h i g h e r than if it had been done at the t i m e the f i r s t c h a r t was p r e -
p a r e d . In f a c t , the e n t i r e s u r v e y would have to be done aga in , as t h e r e 
have b e e n s u b s t a n t i a l changes in the r i v e r s i nce 1961. 
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These two of many such examples clearly show the need for c o -
ordination of activities. If many thousands of dollars of public money 
are to be spent it is desirable that this be spent in the most efficient 
manner to achieve all objectives of river basin planning. A river 
basin is a multi-purpose unit and a data collection programme should 
be based on considerations of all uses, many of which are interrelated 
and require the same or an extension of the same data for analysis. 
In due course the Committee foreshadowed in the above, having defined 
the objectives and pointed the way for a constitution, could emerge as a 
Georges River Development Authority. 

3. The Importance of Collection and Recording of Data 

In recent years the engineering profession has realised forcibly 
that adequate data regarding physical phenomena are the first essential 
for the efficient planning of engineering works, and that such data must 
be comprehensive and accurate. Without the relevant data, engineering 
planning and design are inefficient and based significantly on subjective 
judgment. Despite the need for data there is little systematic recording 
of data on the Georges River and engineering studies of the nature 
described in this report are seriously hampered as a consequence. 

The various Government Departments have from time to time 
collected data for isolated jobs but most of this is incomplete, un-
published and difficult to abstract. For example, flood levels are 
obtained at various stages of a flood by the Public Works Department, 
the Department of Main Roads and the Metropolitan Water Sewerage 
and Drainage Board, but all records are incomplete and cannot be r e -
lated, except by subjective methods, to discharge. The Public Works 
Department and the Australian Atomic Energy Commission have isolated 
readings of salinity but these are of too short a duration to be of great 
assistance. The Department of Public Health and the Maritime 
Services Board collect pollution samples, but, as far as can be 
ascertained, these are not related to fresh water inflow, tidal 
dilution etc. 

The system of individual Departments working independently is 
not conducive to economic data collection and there is an urgent need 
for the launching of a programme financed by all bodies concerned to 
obtain information in a systematic manner on: -

(i) Tidal stages and velocities. 
(ii) Fresh water inflow for both dry weather and flood. 
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(iii) Pollution and its distribution. 
(iv) Salinity intrusion for various river inflows. 
(v) Flood stages and hydrographs. 
(vi) Sediment inflow and distribution 
(vii) History 
(viii) Hydrography. 

Should a committee be established along the lines outlined in 
Section 1, one of its first jobs should be to consider what data are re -
quired to serve the present and future needs for river basin planning and 
to outline the methods of obtaining such data. 

4. Description of the Georges River Basin 

4. 1 Introduction 

The Georges River is located about 10 miles south of Sydney and 
discharges into the South western, corner of Botany Bay (see Figure 1). 
The tidal influence extends about 25 river miles upstream from the 
mouth to Liverpool Weir which was constructed in 1836. The head-
waters of the river are located in the Darkes Forest - Appin area a 
further 25 to 30 miles upstream of Liverpool Weir and the total catchment 
area is 252 sq. miles. 

The Georges River, since its discovery, has been the topic of 
much discussion as to the best means of utilising its natural attributes. 
During the latter half of the 19th century, the river was investigated as 
a possible source for Sydney's water supply and as a water source for 
large scale irrigation. The surrounding land has been and still is used 
for pasturage and agriculture, but through the years this activity has 
diminished as weekender retreats began appearing earlier this century^ 
and later as permanent suburban dwellings encroached on the river bank 
areas. 

A substantial oyster industry is supported by the tidal regions of 
the estuary, there being at the present time about 50, 000 yards leased 
along the foreshore (including non-commercial leases) and 1,000 acres 
of offshore lease (all commercial). All commercial leases are below 
Salt Pan Creek. 

The upper half of the tidal region is dredged commercially for its 
sand, and expansion of this industry is at present being contemplated. 
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The Georges River provides an excellent environment for pleasure 
boating and fishing, and the popularity of these sports is evidenced by 
the number of boat clubs and public boat ramps existing in the area. 

Some relevant historical information on the development of the 
Georges River Basin is given in Appendix A. 

4. 2 Land Cover and Use 

The catchment above East Hills may be divided into two zones 
having quite distinctive features from both hydrological and develop-
mental points of view. The dominant factor influencing these features 
is the underlying geology, and the zones are therefore conveniently de-
fined by the shale-sandstone boundary shown in Figure 2. 

The shale zone is 49 pc. and the sandstone zone 51 pc. of the total 
catchment area of 232 square miles. 

In general the shale zone is more favourable than the sandstone for 
economic activities, and the northern section is already largely urban. 
Ribbon development has extended from Liverpool to Campbelltown where 
further extensive residential and industrial projects have been planned. 

The remainder of the shale zone consists of cleared dairy pasture with 
occasional patches having a moderate cover of native timber. 

Much of the sandstone zone is still in a virgin state with a moderate 
cover of eucalyptus. The northern section is part of the Commonwealth 
military reserve and contains some semi-urban development. The 
southern section includes crown land and water supply catchment reserves 
and appears unlikely to be significantly altered in the near future. 

Land cover and use are considered in comparing Georges River 
with other catchments for the selection of appropriate hydrological 
parameters such as loss rates. 

4. 3 Topography 

The topography of the shale zone is relatively low with about 80 pc. 
n J f l ' ' H ' r I elevation. The land surface is generally 
nelr V e f ̂  ^^om 50 feet ^er mile near the watersheds to less than one foot per mile in the lower reaches. 



Most of the s t r e a m s in th is zone a r e i n t e rmi t t en t with w a t e r c o u r s e s 
cons i s t ing of chains of pools r a t h e r than wel l def ined channels . 

The sands tone zone is an incl ined pla teau sloping f r o m an e levat ion 
of 1250 fee t in the south to 10 fee t above s e a level in the nor th . The 
s t r e a m s lopes v a r y f r o m over 150 feet pe r mi le in the upper r e a c h e s 
to l e s s than one foot pe r mi le in the lower r e a c h e s . Channels a r e we l l -
def ined and some of the f lows a r e pe renn ia l . 

Topographic f a c t o r s d e t e r m i n e the p a r a m e t e r s used in the syn -
t h e s i s of un i tg raphs ( see Appendix B) and l a rge ly inf luence the shapes 
of flood h y d r o g r a p h s . 

4. 4 Soil and Under lying S t ra ta 

In the sha le zone the so i l s a r e t ight c lays and c layey loams o v e r -
lying the r e l a t i ve ly imperv ious Wianamat ta sha l e s . Some gully and 
shee t e r o s i o n is p r e s e n t and s t r e a m f l o w s tend to be tu rb id even at low 
d i s c h a r g e s . It is be l ieved that mos t of the s i l t in the lower Georges 
R i v e r comes f r o m this zone and s e p a r a t e hydrographs have t h e r e f o r e 
been de r ived to show the r e l a t i ve flood contr ibut ions f r o m each zone 
(F ig . 6). 

The Wianamat ta so i l s and s t r a t a contain v e r y s m a l l quant i t ies of 
sa l ine g roundwate r which has l i t t le e f fec t on s t r e a m f l o w s . 

In the sands tone zone the so i l s a r e shallow and c o a r s e with 
poor ly developed p ro f i l e s . The i r p e r v i o u s n e s s , toge the r with 
f i s s u r e s and joints in the under ly ing rock evident ly enable the s t o r a g e 
of suf f ic ien t g roundwater to main ta in the s m a l l pe renn ia l s t r e a m f l o w s . 

T h e r e is l i t t le a c c e l e r a t e d e r o s i o n in this zone and mos t flows 
a r e r e l a t i v e l y c l e a r . 

The " M i l p e r r a L o a m s " , (a l luvial depos i t s of f a i r l y r i c h so i l s in 
the lower r e a c h e s ) a r e of cons ide rab le value for t o p - d r e s s i n g and m a r k e t 
ga rden ing , but t h e i r a r e a is probably too l imi ted for them to be of 
d i r e c t hydro log iea l s ign i f icance . 

4. 5 Ra infa l l C h a r a c t e r i s t i c s 

The r a i n f a l l c h a r a c t e r i s t i c s d i f fe r s igni f icant ly f r o m zone to zone, 
as shown by F i g u r e s 3, 4 and 5. 
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The shale zone has a two to four month seasonal drought occurring 
in winter to spring and has a mean annual rainfall varying f rom 28' to 
30". 

The sandstone zone has no marked seasonal drought and its mean 
annual rainfall varies from 30 inches to 50 inches. Rainfall intensities 
are also considerably higher in this part of the catchment. 

Both zones average about 25 wet spells per year. 

4. 6 Rainfall, Runoff and Evapotranspiration 

The inter-relations between rainfall, runoff and évapotranspiration 
have been studied (Bell 1967) for a number of N. S. W. catchments and, on 
the basis of these studies the following estimates have been made for 
Georges River. 

Mean Annual Mean Annual Mean Annual 
Rainfall Runoff Evapotranspiration 

Shale Zone 29" 4" 25" 
Sandstone Zone 37" l l " 26" 
Whole Catchment 33" 7^" 25^ 1II 

The évapotranspiration from the catchment depends on the amount 
of moisture available and varies from about 35" in very wet years down 
to 20" or less in dry years. The average " free water" evaporation 
measured by a standard Australian pan would be approximately 43'V 

4. 7 Tidal Zone 

In the tidal zone of the river, depths of 30 to 40 feet are not un-
common downstream of Como railway bridge while upstream, to 
Liverpool Weir, maximum depths are between 10 and 20 feet with 
isolated depths of 30 feet. Downstream of Como are a number of 
large off-channel bays, the more notable being Oyster Bay, Kogarah 
Bay, Gawley Bay and Woolooware Bay (Figure 13). Depths in the 
bays are relatively shallow (3 to 6 feet) with large areas exposed at 
low tide. 

Tidal records supplied by the Department of Public Works r e -
veal very little variation in tidal range between Botany Bay and 
Liverpool Weir (see Fig. 7). The mean spring ranges are 4. 32 and 
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4. 10 f t . at Dolls Point and L ive rpoo l Wei r r e spec t i ve ly . The 
c o r r e s p o n d i n g m e a n neap t ida l ranges a r e 2.66 and 2. 92 f t . r e s p e c t i v e l y . 

The bed s ed imen t s in the t ida l sec t ion of the r i v e r v a r y accord ing 
to t h e i r locat ion but can be b road ly c l a s s i f i e d into t h r e e zones : -

(i) The ma in channel above Como Br idge where the bed s e d -
imen t s a r e n e a r l y al l sand. 

(ii) The m a i n channel below Como Br idge , where the bed s e d -
imen t s a r e p redominan t ly s i l t s and c lays . 

(iii) The l a rge o f f -channe l bay a r e a s where the beds cons i s t a l -
m o s t e n t i r e l y of f locculent c lays and s i l t s . 

5. Hydrology of Georges R ive r Bas in 

5. 1 Objec t ives and Scopes of Studies 

Hydrologie data a r e r e q u i r e d fo r the p r o p e r planning of such 
m a t t e r s as d ra inage , land r e c l a m a t i o n , flood mi t iga t ion , s i l ta t ion, 
pollut ion and r e c r e a t i o n a l f ac i l i t i e s . 

The m a i n . i n f o r m a t i o n r e q u i r e d i s : -

(i) F lood magni tudes for va r ious f r equenc ie s of o c c u r r e n c e . 

(ii) T i m e d i s t r ibu t ion of runoff in the f o r m of flow dura t ion 
c u r v e s a n d / o r m a s s c u r v e s for the va r ious ca tchments being s tudied. 

The achievement of t hese objec t ives is h a m p e r e d by the comple te 
absence of s t r e a m gauging r e c o r d s except for the s m a l l , headwate r 
t r i b u t a r y of O ' H a r e s C r e e k (28 sq. mi les ) and consequent ly r e c o u r s e 
m u s t be had to synthet ic me thods . 

5. 2 F lood Studies 

5. 21 H i s t o r i c a l R e c o r d s of P a s t F loods 

The inves t iga t ion has been g rea t ly fac i l i t a ted by data on pas t f loods 
made avai lable by the Public Works Depar tmen t including: -

(a) Deta i led levels and s lopes between L ive rpoo l and P icn ic Poin t 
f o r the f loods of June 1950, November 1956, November 1961, August 1963 
and June 196 4. 
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(b) Peak flood levels in the vicinity of Liverpool dating back to 
1873. 

The date of (b) above had been collected from a number of sources 
and some of it was conflicting, particularly with regard to the years of 
occurrence. However, it is believed that Table 2 lists the most probable 
levels and dates of important floods since 1873. 

The Liverpool weir was constructed in 1836 at the suggestion of 
Surveyor Lennox . This was before any of the recorded floods and they 
are therefore all directly comparable. 

It is interesting to note that Liverpool was founded on the banks of the 
Georges River by Governor Macquarie in 1810 and the siting of the town was 
considerably influenced by two floods "rising more than 34 feet" in 1809. 

Table 2: Peak Flood Levels at Liverpool and Milperra 
Year Estimated R, L, 

at Liverpool 
Traffic Bridge 

Estimated R. L. 
at Milperra 

Est. Dis-
charge at 
Milperra Rank 

Recurrence 
Interval 
(years) 

Year Estimated R, L, 
at Liverpool 
Traffic Bridge 

Estimated R. L. 
at Milperra 

n=. 04 n=.03 
cfsxlO-3 

Rank 
Recurrence 
Interval 
(years) 

1873 134, 5 121. 3 80 106 1 95 
1875 132. 5 119.7 66 90 2 47 
1889 132. 0 119. 2 63 86 3 32 
1956 128. 0 116. 0 41 57 4 24 
1914 125. 0 113. 5 29 39 5 19 
1950 124. 8 112. 6 25 33 8 12 
1933 124. 5 113. 1 27 37 6 16 
1961 124. 0 112. 4 24 32 9 11 
1900 124. 0 112. 7 25 34 7 13 
1895 123. 5 112. 3 24 32 10 9. 5 

No^: The above were collected by the Public Works Department from 
various council and other records. The levels which were taken at 
Liverpool Sewerage Works and other places in the vicinity, have been ad-
justed to give the estimated levels at Liverpool Traffic Bridge which is the 
location of the present gauge. 

Flood Peak Frequencies Georges River, Prospect Creek and 
Cabramatta Creek ~ ' 

A technique of flood estimation based on rainfall and catchment 
characteristics was used for estimating flood flows and this was checked 
with independent hydraulic calculations based on observed flood levels. 
Details of the method and calculations are given in Appendix B. 
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F r o m these calculations, the flood frequency curve for the 
Georges River at Milperra Bridge has been established as shown in 
Figure 8. Design hydrographs for the Georges River at East Hills, 
Prospect Creek at Georges Hall and Cabramatta Creek at Chipping 
Norton for flood recurrence intervals ranging from 2 to 100 years 
are given in Figures 9, 10 and 11 respectively. 

5. 23 Flood Peak Frequencies, Salt Pan Creek, Oatley Bay and 
Oyster Bay 

These were selected as representative samples for the study of 
bays likely to be reclaimed. 

The catchment area contributing to Salt Pan Creek is 10. 1 square 
miles. Approximately 30 pc. of the area is impervious and the remain-
der consists largely of urban lawns, paddocks and parklands on clayey 
soils . The stormwater drains are mostly lined and straightened. 

The catchment area contributing to Oatley Bay is 1. 9 square 
miles and is a medium density residential district. Approximately 
24 pc. of the area is impervious and the remaining lawns are on 
clayey and sandy soils. Stormwater drainage is well developed with 
straight, lined channels. 

Oyster Bay is a relatively new residential area with large amounts 
of undeveloped land and open space. Its catchment area is 2. 0 square 
miles , about 15 pc, of which is impervious. 

The small sizes of these catchments do not justify complete 
synthesis of unitgraphs, and flood peaks were calculated by the 
rational method using critical storm duration equal to the estimated 
time of rise of the hydrographs. 

The effective times of rise of these hydrographs were estimated 
f rom the channel flow times using standard procedures (Institution 
of Engineers, iNustralia, 1958), resulting in the following values:-

(i) average for subcatchments surrounding bays 

Salt Pan Creek 0. 8 hrs. 
OatlyBay 0. 6 hrs. 
Oyster Bay 0. 8 hrs. 
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(ii) at bay mouths 
Salt P a n C r e e k 2. 2 h r s . 
Oatly Bay 0. 8 h r s . 
Oys t e r Bay 1. 0 h r s . 

The e s t ima ted flood peak f r e q u e n c i e s at the bay mouths a r e 
shown in Fig . 12. E s t i m a t e s of flood peak f r e q u e n c i e s f o r any o ther 
subcatchment may be made us ing the s a m e p r o c e d u r e s . 

5. 24 Ef fec t of F u t u r e Development on Flood F lows 
The poss ib le e f fec t s of f u r t h e r deve lopment of the c a t c h m e n t s on 

flood c h a r a c t e r i s t i c s should be cons ide r ed . T h e s e m a y be p laced in 
two ca t ego r i e s viz. 

(a) E f f e c t s on r a i n f a l l l o s s e s 
(b) E f f e c t s on t i m e d i s t r ibu t ion of flood f lows . 
In g e n e r a l (a) is unl ikely to be s ign i f ican t b e c a u s e l o s s e s a r e 

usual ly quite low dur ing m a j o r f loods . However , the po ten t ia l e f f e c t s 
of u rban developm_ent on the t ime d i s t r ibu t ion of f lood f lows a r e i m -
por tant because r e c l a m a t i o n , channel s t ab i l i za t ion and i m p r o v e d d r a i n -
age al l r educe s t o r a g e delay t i m e s , caus ing e a r l i e r and h ighe r f lood 
peaks in the lower r e a c h e s of the r i v e r . 

Under s o m e condi t ions , i n c r e a s e s in f lood peaks of the o r d e r of 
25 pc. a r e poss ib le , but to d e t e r m i n e whether t h e s e a r e l ike ly f o r the 
Georges R ive r is beyond the scope of th i s r e p o r t . It i s s u g g e s t e d tha t 
e s t i m a t e s of such e f fec t s should be p a r t of the des ign phase of any e x -
tens ive deve lopmenta l s c h e m e s so that poss ib le u n d e s i r a b l e consequences 
may be ant ic ipated and m i n i m i s e d . 

5. 3 T ime Dis t r ibu t ion of Runoff 
The comple te absence of s t r e a m gauging da ta on the c a t c h m e n t 

with the except ion of the s m a l l headwa te r t r i b u t a r y , O ' H a r e ' s C r e e k . 
(28 sq. mi les ) m a k e s any e s t i m a t e s of m a s s c u r v e s or f low d u r a t i o n 

curves v e r y suspec t . F o r th is r e a s o n t h e s e s tud ies have not been 
c a r r i e d out. In the opinion of the au thor s they should await s e v e r a l 
y e a r s of s t r e a m f l o w r e c o r d . F low dura t ion and m a s s c u r v e s could 
then be synthes ized by a c o m p a r i s o n be tween the s h o r t t e r m r e c o r d s 
of s t r eamf low on the Georges R i v e r and i ts t r i b u t a r i e s with long t e r m s t r eamf low r e c o r d s on nea rby c a t c h m e n t s in h o m o g e n e o u s l y s i m i l a r r eg ions . 
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This information would be required before a complete study of 

pollution and sedimentation in the Georges River Basin could be made 

and serves to emphasize the urgent need for establishment of stream 

gauging stations. With the growth of industry along the river there 

will be an increasing demand to use the river to its full potential for 

the discharge of industrial wastes. 

The collection of systematic data on streamflow and salinity 

will enable the dilution potential of the river to be estimated in a much 

more reliable manner than is possible at present. 

6. Hydraulic Aspects of Georges River Basin 

6. 1 Bed Sediments 

Forty :tWQ> samples of the bed sediments were obtained by a standard 

grab sampler from various locations within the river basin as shown on 

Figure 13. An analysis of these samples showed that the estuary could 

be divided into three sections. 

(a) The main channel reach above Como Bridge, the bed consisting 

mainly of sand. 

(b) The main channel reach below Como Bridge, the bed being pre-

dominantly silts and clays. 

(c) The large off channel bay areas in the lower estuary regions where 

the beds consist entirely of flocculent silts and clays. 

Although the main channel below Como Bridge has a bed of pre-

dominantly silts and clays, the samples nearly all contained some 

gritty and sandy particles. The exception to';this was in the reach 

immediately upstream of T o m Ugly's Bridge (samples 26 and 27) where 

the bed samples showed highly plastic stiff clays. This would indicate 

a clean swept bottom with little evidence of deposition. Sediments 

from the off-channel bays showed no gritty or sandy particles and the 

evidence would indicate that bays such as Oyster, Kogarah and 

Woolooware Bays are acting as silt traps for suspended silts and 

clays, brought into the relatively stagnant waters of the bay from head-

water catchments or by the interchange of tidal waters between the bay 

and estuary. 
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6. 2 Suspended Sediment 

A limited number of suspended sediment samples has been taken 
from various locations along the main channels as shown in Figure 14. 

Samples 1 to 6 inclusive, taken in the reach downstream of Salt 
Pan Creek, were collected after a spell of fair weather and should be 
an indication of the sediment carried in suspension near the bed under 
tidal conditions with low fresh inflow. 

Samples 7 to 10 inclusive, taken from the upper tidal regions above 
Salt Pan Creek, were collected within 24 hours of the flood peak which 
occurred on 7th March, 1967, and give some indication (with the ex -
ception of sample 8) of sediments in suspension after a fresh. 

Although the two sets of samples were collected from two di f fer -
ent reaches of the estuary under different circumstances, it can be con -
cluded that, in the tidal regions above Conio the suspended load during 
the flood recession was up to 4 times as great as that under tidal con-
ditions with low fresh inflow. This figure was probably greater nearer 
the peak of the flood. 

The sediment load of the Georges River at flood times has always 
been a problem. Historical literature (see Appendix A) reveals that 
in 1887 and 1913 freshes deposited sufficient sediment to smother a 
large proportion of the oyster population. 

Sample No. 8 about a mile upstream of Salt Pan Creek shows an 
abnormally high suspended sediment concentration. Multiple samples 
were taken at the location to guard against possible errors but these 
verified the presence of the high concentration. The hydrographic 
plans showed an isolated deep hole at this location. The reason for 
the hole is not known but indications are that it is filling with silt 
(see bed sample No. 16, Figure 13) being brought in by tidal action 
and flood flows. 

6. 3 Tidal Heights and Currents 

Excellent records of tidal ranges and heights have been taken 
along the Georges River estuary by the Department of Public Works 
of N. S. W. These are shown in Figure 7 and show little variation in 
tidal stage along the river. Lag times are also shown on this figure 
and these indicate an average lag of approximately 2^ hours between 
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the mouth and Liverpool weir 29. 3 miles upstream. 

Data on tidal currents were not available, however, and measure-
ments were taken at Tom Ugly's Bridge and Lugarno Ferry to obtain 
current variations over a tidal cycle. The results are shown in 
Figure 15 and tidal heights over the same period in Figure 16. Using 
a step solution to the equation of motion, velocities at other locations 
along the estuary and the effect of the proposed reclamations on these 
velocities were estimated. Details of the calculations are given in 
Appendix C and the results are discussed in Section 7. 

6. 4 Relation Between Tidal Prism and Channel Capacity 

O'Brien (1931) and Bruun and Gerritsen (1958) have demonstrated 
that for many estuaries around the world a relationship exists between 
channel capacity and tidal prism (i. e. the tidal volume between low and 
high tide levels). This relationship is based on the assumption that 
the channel dimensions are related to the flow velocity which in turn 
depends upon the amount of tidal storage available. 

That such a relationship holds for the Georges River Estuary is 
clearly shown in Figure 17, However, as might be expected, the 

f o rm of the relationship also depends upon the type of bed material 
through which the channel is cut. 

Upstream of the junction with the Woronora River the capacity of 
the channel, (A^w) which is largely through sand, can be closely approX' 
imated by the expression 

0 7S A^^ = 0.0072 V^' 
2 where A „ „ = river cross sectional area - ft uw 

V = tidal prism between M. H. W, springs , 
and M. L. W. springs upstream of 
river cross section - ft^. 

Below the junction with the Woronora River the bed materials 
change abruptly from sands to predominantly clay and silty clay, and 

* Figure 17 is based on the hydrographie plan prepared by the Public 
Works Department, N. S. W. , 1961. Since this date, sand dredging 
has been carried out, and at some sections of the river the channel 
area has been significantly increased. This applies particularly to 
the middle reaches of the river between Lugarno and Milperra. 
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the re la t ionsh ip between channel capaci ty (A^.^) and t ida l p r i s m is 
approximated by -

17 2. 42 2 . 2 5 x 1 0 - 1 ^ V 

It is noted that where bed m a t e r i a l s a r e p a r t i c u l a r l y f ine (s i l t 
and clays) a s m a l l change in t idal p r i s m (such as by r e c l a m a t i o n ) r e -
su l t s in a re la t ive ly l a rge change in c r o s s sec t ion a r e a . W h e r e bed 
m a t e r i a l s a r e c o a r s e r (sands) , a change in t ida l p r i s m r e s u l t s in a 
compara t ive ly s m a l l e r change in c r o s s sec t ion a r e a . 

Severa l points do not lie exact ly on the curve and th is can be 
at t r ibuted in most c a s e s to d i f f e r ences in the bed m a t e r i a l . Some 
var ia t ion r e su l t s f r o m en la rgement of the r i v e r sec t ion by d redg ing 
as noted for location 28 on F i g u r e 17. However , the t r e n d of the 
re la t ionship is evident and the equations given above can be u s e d as 
a reasonab le e s t ima te of the l ikely changes in channel c r o s s - s e c t i o n 
a r e a s which would follow any works which r educe the t ida l p r i s m . 

6. 5 Salinity Dis t r ibut ion 

6. 51 Gene ra l 

A s ignif icant f ac to r which augments sed imen ta t ion is the i n t e r -
mixing of f r e s h water laden with si l t and c lay with sa l t w a t e r b rought 
into the e s t u a r y by t idal c u r r e n t s . This in te rmix ing c a u s e s f loccula t ion 
of the suspended m a t e r i a l and g rea t ly a c c e l e r a t e s i ts t endency to 
set t le on the bottom. 

Broadly speaking, e s t u a r i n e r i v e r s can be c l a s s i f i e d within a 
range of two e x t r e m e s deper^iing on the extent and type of mix ing that 
occurs between the t idal in t rus ion of sa l t wa te r and the d o w n s t r e a m 
flow of f r e s h wa te r . These e x t r e m e s a r e ca l led fu l ly s t r a t i f i e d and 
fully mixed. 

(a) Ful ly St ra t i f ied E s t u a r y 

In some es tua r ine r i v e r s , it is found that the v e r t i c a l p r o f i l e 
can be divided into two dis t inct l a y e r s ; a l aye r n e a r the bed with a 
sa lmi ty approximat ing that of the ocean and a l aye r of f r e s h w a t e r 
near the su r f ace . The bot tom l aye r is ca l led a sa l t wedge (F ig 18) 
and may penet ra te for long d i s t ances u p s t r e a m , moving back and 
for th with the t ides . These conditions p r eva i l w h e r e the r a t i o of 
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tidal prism to total fresh water inflow during one tide cycle is re l -
atively small, approximating unity. Many estuaries display stratified 
characteristics only at certain times, as for example during floods. 

M O O X H 

\ \ \ \ \ 

Fig. 18: Fully Stratified Estuary, 

(b) Fully Mixed Estuary 

In this type of estuary the salinity variation with depth at any 
section along the river does not display large variations but is of 
small order compared with the local mean salinity. As a result the 
salt intrusion may be defined in terms of a longitudinal profile of 
mean salinity. 

6. 52 Salinity and Channel Stability 

As a result of flocculation, sediments accumulate near the end 
of the salt water intrusion zone, the intensity of accumulation being 
greatest for stratified estuaries and occurring at the end of the salt 
wedge, while for fully mixed estuaries, sedimentation is dispersed 
over a longer length and therefore shoaling is not generally a problem. 
It can be seen that siltation will be intensified if any measure creating 
a shift of regime towards a fully stratified estuary is introduced. 
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6. 53 Salinity P r o f i l e s 
The re a r e no data on sa l in i ty va r i a t i on with f r e s h w a t e r inflow 

taken for the Georges R ive r . One se t of sa l in i ty r e a d i n g s t aken by 
the Depar tment of Public Works is shown in F i g u r e 19 but u n f o r t u n a t e l y 
the f r e s h wate r inflows at the t i m e t h e s e w e r e t aken a r e not known. 
However, they do tend to indicate that the G e o r g e s R i v e r is a wel l 
mixed e s tua ry , as might be expected f r o m the f a i r l y s m a l l f r e s h w a t e r 
flows which p reva i l over mos t of the t ime . 

6. 6 Pollution 
6. 61 Flushing Poten t ia l of Bas in 
The invest igat ion of this m a t t e r has been r e s t r i c t e d owing to the 

lack of data. As pointed out in Sect ion 2, no hyd rog raph i e s u r v e y in -
format ion is avai lable fo r the Woronora R i v e r , Salt P a n C r e e k and 
numerous other bays , making it n e c e s s a r y to confine s tud ie s to the 
r each above Salt Pan C r e e k . 

method adopted in de t e rmin ing dilution po ten t ia l s and f l u s h -
was that developed by G. H, KetchurA.^^^W'is a mod i f i ed 

The 
ing t imes 
ve r s ion of the c l a s s i c a l t ida l p r i s m method. The c l a s s i c a l me thod 
a s s u m e s : 

(i) a r enewa l of s ea wa te r equal to the t ida l p r i s m o c c u r s in 
each t ide cycle , 

(ii) a complete mixing of al l the w a t e r s a f fec ted by the t i de . 
In many in s t ances , t he se a s sumpt ions a r e not in a c c o r d with 

fact . Ke tchum' s modif ied approach is m o r e in keeping with the 
physical na ture of t ida l act ion, r emov ing the objec t ion that the t ida l 
c u r r e n t s m a y not be s t rong enough to t r a n s p o r t t i da l w a t e r ove r the 
en t i re extent of the e s t u a r y . In th is method, the e s t u a r y is d iv ided 
into s egmen t s , each segment being the a v e r a g e e x c u r s i o n of a 
pa r t i c l e on the flood t ide. N e v e r t h e l e s s t h e r e a r e s t i l l d i s advan t ages 
as comple te v e r t i c a l mixing is s t i l l a s s u m e d within any s e g m e n t 
i^s de sc r ibed in Section 6. 5, comple te v e r t i c a l mix ing in t i da l e s t -
u a r i e s does not occur . Some v e r t i c a l s t r a t i f i c a t i o n is a lways p r e s e n t , 
evidenced by a sa l in i ty va r i a t ion with depth. Desp i t e th i s and L v e r a l 
T . Z T ^ ' ^ ^ T ^^ Ketchum, the me thod i s p robab ly 
e s t i m r t / ^ r . ' ' ^^^ ^^^^ g i v - r e a s o n a b l e e s t i m a t e s of f lushing potent ial in o ther p a r t s of the wor ld . 
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The method was applied to the Georges River above Salt Pan 
Creek, using three river inflows, namely 10, 50 and 100 cusecs, a 
range covering the flows at which the river runs for the greatest 
percentage of time. The results are shown in Figures 20 to 23, to-
gether with explanatory notes. The curves assume steady river in-
flow at Liverpool with no significant freshwater inflow below 
Liverpool Weir, a condition applicable to dry weather when dilution 
problems can be expected to be most serious. The curves can be 
used in assessing dilution volumes and flushing times at any location 
for pollutants introduced at Liverpool Weir or for pollutants dis-
charged by local outfalls into any other segment. 

The salinity survey shown in Figure 19 indicates that at a point 
12 miles downstream of Liverpool Weir, the estuary contained about 
40 per cent of river water. The corresponding river inflow conditions 
are not known except that 4 inches of rain fell at Liverpool during the 
13 days prior to the survey, sufficient to cause a fresh with significant 
runoff along the entire estuary. As the inflow conditions are not known 
the survey cannot be used as a satisfactory test of the derived curves. 
Figure 21 gives a value of 20 per cent river water at this location for 
100 cusec inflow at the weir. 

Ketchum's method can be applied to sections downstream of 
Salt Pan Creek when more data are available. 

6.62 Pollution in Georges River 

Tests made by the Health Department in the estuary above Como 
Bridge indicate the existence of a significant pollution problem. The 
north side of the estuary is mainly sewered except for a section be-
tween East Hills and Prospect Creek. Some sewage wastes are dis-
charged directly into the estuary along this reach. Variation of the 
Local Government Ordinances is at present being considered to curb 
this practice,and this together with the expected extension of carrier 
sewers should eliminate this area as a significant pollution contributor. 
Other sources of pollution on the north side are the sewage treatment 
works at Liverpool and Fairfield, the latter having been improved r e -
cently to reduce estuary contamination. 

Analysis of water samples taken above Salt Pan Creek by the 
Health Department has led to the closing of swimming baths because 
of the high col i form content. Improvements have been made to the 
upstream sewage treatment works to diminish this problem. 
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Downstream of Como, sufficient dilution appears to be available 
in the main channel to prevent undesirable pollution concentrations. 
In this lower reach the problem is confined to off-channel bays where 
sewage effluents and storm runoff from unsewered areas discharge. 
Use of garbage for reclamation has been a problem, but the use of 
drained impervious clay wall cells to contain the garbage has now 
diminished the problem. 

On the southern side, sewers are almost non existent, resulting 
in concentration of pollution in bays where effluents discharge. Ex-
amples are Oyster Bay and Double Bay where effluents from the 
Jannali area drain. Serious localised pollution has occurred in 
Woolooware Bay due to inadequate methods of retaining fi l l . 

7. Proposed Reclamation Areas and their Effects 

7. 1 Introduction 

A number of low water areas along the Georges River have been 
proposed as likely locations for reclamation. These are shown on 
Figure 24 and can be broadly classified into three types:-

(i) Reclamation of low lying areas which are at present 
substantially above high water. 

(ii) Reclamation of narrow strips along the main stream in a 
form which amounts to bank straightening. 

(iii) Reclamation of substantial portions of various bays which 
at present lie belov/ high water. 

In the following section we concern ourselves only with the 
hydraulic aspects of the reclamations. Other aspects such as town 
planning features, legal obligations to water front owners and owners 
of small craft, aesthetics and rate of pollution if garbage is used as 
fi l l are not discussed. 

The immediate effect of large scale reclamation is a reduction 
m the tidal prism or the volume of water stored in the estuary over 
a tidal cycle. This in turn, if of large enough a magnitude, may 
affect tidal currents and stage, channel capacities and the amount of 
water available for tidal flushing of industrial wastes. Of the three 
classes of reclamation outlined above, only the third comes into this 
category. 
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The reclamation works shown in Figure 24 reduce the tidal 
prism by 34. 3 million cubic feet which represents 3 pc. of the total 
tidal prism for the whole estuary. Future proposals could increase 
this volume. 

7. 2 Effects of Reclamation on Tidal Stages and Velocities 

Using the procedures outlined in Appendix C, the effect of the 
proposed reclamations on tidal velocities in the main channels and 
tidal stage and range have been computed. 

This study showed that there would be no measurable effects 
on stage, the tidal range at all points along the estuary being the 
same as before the reclamation works. The effect on tidal velocities 
in the main river channels was more significant and the estimated 
percentage reductions in maximum velocities at selected locations 
along the river are shown in Table 3. 

Table 3 

Estimated Reduction in Tidal Velocities Resulting from Proposed 
Reclamation 

Location Approx. Max. Estimated Pc, 
Tidal Velocity Reduction in 
as measured Tidal Velocity 

f. p . s '. 
Captains Cook Bridge - 6. 9 
Tom Ugly's Bridge 0. 8 "8. 5 
Kangaroo Point - 9. 2 
Green Point - 9. 2 
Como Bridge below 
Woronora River 1. 2 9. 7 
Como Bridge above 
Woronora River 1. 5 7. 0 

Lugarno Ferry 1. 5 4. 6 
Upstream Salt Pan 

Creek 1. 1 - No change Creek 
2. 1 No change 
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7. 3 Effect of Reclamation on Channel Capacities and Channel Areas 

The reductions in tidal velocities shown in Table 3 are what 
could be expected immediately after completion of reclamation works. 
This would lead to a decrease in the capacity of the tidal currents to 
transport sediment, and deposition would occur until the velocities 
were increased to somewhere near their present values. Consequently, 
the predicted percentage reduction in velocity will approximately equal 
the percentage reduction in channel area after siltation has occurred 
and the river again reaches a stable regime. 

An alternative method of estimating the likely channel changes is 
by using the relationship between channel capacity and tidal prism de-
veloped in Section 6. 4 . Reduction in tidal prism will tend to reduce 
tidal velocities and promote siltation of the channel until the channel 
area has been reduced to a value consistent with the effective tidal 
prism available. At this stage, the channel will remain stable, mat-
erial being brought into the section from upstream being removed by 
the natural tidal currents. An estimate of the reduction in channel area 
for any proposed reclamation scheme can be obtained directly from F ig . 17. 

The percentage reductions in channel areas for the proposed rec-
lamations shown in Figure 24 are given in Table 4 and these show good 
agreement with the velocity changes predicted in Section 7. 2. 

Table 4: Estimated Reduction in Channel Areas Resulting from Pro-
posed Reclamation Works (Using Tidal Prism - Channel Capacity 

Location Approx. Re- Existing Reduction Pc. Re-
duction in Channel of Area duction in 
Tidal Prism Area Area 
cu. f t .x l06 ft^xlO^ ft^xlO^ 

Captain Cook Bridge 34. 3 5. 63 0. 60 11 
Tom Ugly's Bridge 33. 6 3. 74 0. 50 14 
Kangaroo Pt. 32. 9 2. 65 0. 30 12 
Green Point 28. 1 1. 52 0. 20 13 
Como Bridge 27. 5 1. 27 0. 08 6 
Lugarno Ferry 12. 9 0. 77 0. 02 3 
Upstream of Salt 

0. 02 

Pan Creek No change 
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The mean percentage reduction in area predicted by the two 
methods is given in Table 5 and this is considered as the best estimate 
of the likely channel changes. 

As no reclamation works have been proposed upstream of Salt 
Pan Creek, the tidal prism and consequently channel areas are un-
changed. • It is evident from Table 5 that the major effects of r e c -
lamation on channel capacities will be in the lower reaches where the 
bed materials are predominantly silts and clays and where the effective 
reduction in tidal prism is the cumulative total from all upstream works, 

At most of the sections considered, the width of the channel is 
fixed by the present banks. Consequently the reduction in area will 
be effected almost entirely by a reduction in channel depth caused by 
siltation. 

On this assumption, the reductions in water depths in the channel 
have been computed and the results are given in Table 5. These show 
that if the proposed reclamations are proceeded with, siltation could 
occur which would significantly reduce navigable depths. 

Table 5: Estimated Reduction in Mean Channel Depths 
Location Pc. Reduction Estimated r e -

of Area (Mean duction in 
from Tables water depth 
3 and 4) (ft . ) 

Captain Cook Bridge 9 2.6 
Tom Ugly's Bridge 11 2. 8 
Kangaroo Point 11 2. 8 
Green Point IT 1. 6 
Como Bridge 8 1. 3 
Lugarno Ferry 4 0. 4 
Upstream of Salt Pan Creek No Change 

7. 4 Effect of Reclamation on Flood Conditions 

Downstream of Como railway bridge the effect of flood flows on 
tidal levels is negligible. The decrease in channel depths (Table 5) 
which would follow large scale reclamation would have no measurable 
effect on flood or tide levels. 
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Upstream of the proposed reclamation works, the channel cap-
acity and consequently flood conditions would be unchanged. 

Between Salt Pan Creek and Como, flood flows, have some effect 
on the high tide levels and consequently siltation of the channel would 
tend to increase flood levels slightly. The magnitude of this increase 
will be less than the reduction in channel depth or 0. 4 ft. (see Table 5) 

Consequently the proposed reclamation works would have no 
appreciable effect on flood levels in the main river channel. 

7. 5 Effect of Reclamation on Oyster Culture 

7. 51 Suspended Sediments 
Oyster culture in the Georges River is an important f ishery 

justifying some consideration when matters concerning the behaviour 
of the estuary are discussed. 

Oysters survive by continually taking in water, this action being 
known as water pumping. 8 gallons an hour can be pumped by large 
oysters, but for Australian varieties, like those in the Georges River, 
4 gallons an hour is a better estimate. The oyster extracts oxygen 
and food from this water while unwanted material such as silt is sep-
arated and secreted into a special section and flushed out periodically 
by a shell movement resembling a snapping action. Under normal 
conditions in sea water an oyster may cleanse itself once every 5 
minutes. When the amount of suspended sediment increases, the 
pumping rate decreases and the snapping action occurs more f r e -
quently. Hence the oyster takes in less food and oxygen yet requires 
additional energy for cleansing and, as a result, growth is impeded. If 
the turbidity is too high and sustained for a period greater than 14 
days, the oyster will die. Turbidities as low as 0. 1 gms. per litre 
reduce the pumping rate of an oyster by about 50 pc. and increase 
considerably the frequency of the snapping cleansing action. 

Therefore, where reclamation works are executed, precautions 
must be taken to ensure that the fill is suitably retained to prevent 
it from being taken into suspension and causing turbidities detrimental 
to nearby oyster leases. There have been instances in bays off the 
Georges River where fill material has oozed through retaining 
structures causing high local turbidities which have permanently 
damaged surrounding oyster growth. 
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7.52 Bed Accumulation of Sediments 

The foregoing has concerned suspended sediments. The 
effect on oysters of increased shoaling by siltation of the river bed 
and foreshores also require consideration. This situation would 
arise where reclamation by dumping fill between high and low water 
reduced the existing tidal prism significantly. 

It has been established that oysters can survive only within a 
vertical range approximating 18 inches near mean tide level. Such a 
band of oyster growth can be observed at low tide around any rocky 
foreshore. Oyster growers observe the level at which natural oysters 
grow best along any given foreshore and set their racks to suit. It has 
been previously pointed out that an oyster can feed only if covered with 
water because it needs to pump water through its system to extract 
food. Figure 25 illustrates that the oyster feeds for approximately 
50 pc. of the time if located at mean tide level. 

/TITSE 1-\E.IC,I-\T AIITW TIME. 

fe/M^tS PO«. OvSTttiS 

Fig. 25: Oyster Culture. 

If, due to siltation, oyster racks are in danger of becoming 
submerged, the apparent solution is to raise the racks. However, 
it can be seen from Fig. 25 that this action will reduce the available 
feeding time, necessitating a longer maturing period resulting in 
increased growth period for the oyster. Raising an oyster rack 3 
to 4 inches can increase the time required to mature by 20 pc. to 
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25 pc. It is a 
completely out 
farm useless. 

Iso possible that raising the racks may lift the oysters 
of the survival range and thereby render the oyster 

7. 6 Effect of Reclamation on Pollution 

The effect of reclamation on pollution is to increase the con-
centration of pollutants by reducing the amount of water available for 
flushing and dilution. The reduction in flushing and dilution potential 
depends on the reduction in both tidal prism and water volume below 
low water. As indicated in Section 6 ,6 , insufficient survey data are 
available to make a reliable quantitative estimate of the increases in 
concentrations, but these could be expected to be of the order of the 
percentage tidal prism reduction over'the reach affected by rec lam-
ation, that is 4 per cent for the current proposals. 

7. 7 Other Aspects of Reclamation 

7. 71 Runoff Discharge through Reclaimed Areas 

Where portions of off-channel bays are reclaimed, precautions 
are necessary to see that storm runoff from the surrounding local 
catchment and its suspended load are transported through the r e -
claimed area in a satisfactory manner. Consider the hypothetical 
case in Fig. 26. Under natural conditions sediment carried by 
storm runoff is deposited in region " x " (Fig. 26a), since the mat-
erial is not discharged into the main channel where velocities are 
high enough to transport it away. If an area is reclaimed as in 
Fig. 26b and the local drainage is as shown, deposition of sediments 
will occur in the area marked " Y " , an area not previously affected. 
This change could be detrimental to activities or structures pre -
viously established in a sediment free zone. The problem could be 
reduced by discharging the local runoff directly into the tidal flush-
ing zone of the main estuary channel (Fig. 26c). 

7. 72 Source of Material 

Reclamation material may be derived from three sources: 

(a) above high water, 
(b) between high and low water, 
(c) below low water. 
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When reclaiming areas necessitating the dumping of fill be -
tween high and low water the status quo can best be preserved if 
the resulting reduction in tidal prism is compensated by a correspond 
ing increase in tidal prism by dredging from between high and low 
water an amount of material equal in volume to the tidal prism r e -
duction, Material removed from below low water or above high 
water does not alter the tidal prism. 

7. 73 Flushing of Tidal Canals 

Where tidal canals are constructed in conjunction with home 
site reclamation works, care must be taken to see that adequate 
flushing of sediments and pollutants occurs. There would appear to 
be two ways of ensuring this action. 

(a) Provided the local drainage catchment is large enough, the 
canals may be designed so that storm runoff velocities are of 
sufficient magnitude to ensure periodic flushing. 

(b) Where this cannot be done, the provision of a tidal storage 
pond at the upper end of the canal system will increase the volume of 
tidal inflow and outflow thus increasing the canal tidal velocities 
sufficiently for adequate flushing. Sediments will accumulate in the 
tidal pond and it may be desirable for the land surrounding the ponds 
to be set aside for purposes other than home building. Fig. 27 
illustrates the principle. 

£ > O U M X > A ^ C . V O P 

F O C . ^ 

Fig. 27: Principle, of Tidal Pondage 
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. 7. 74 Bed M a t e r i a l s in R e c l a m a t i o n A r e a s 
The bed m a t e r i a l s of s o m e r e c l a m a t i o n a r e a s m a y c o n s i s t of 

f locculant s i l t s and c lays which wi l l not s u p p o r t f i l l m a t e r i a l s e a s i l y . 
As the f i l l is p laced the s i l t s and c l ays could be d i s p l a c e d f u r t h e r 
out into the wa te rway . This would need to be c o n t r o l l e d . 

7. 75 Reten t ion of R e c l a i m e d F i l l 
Where r e c l a m a t i o n works a r e execu ted u s i n g v e r y f ine m a t -

e r i a l , the f i l l m u s t be adequa te ly r e t a i n e d to p r e v e n t it f r o m oozing 
through the r e t a in ing s t r u c t u r e s and be ing t aken into s u s p e n s i o n . 
The oozing of f i l l c an be p r e c i p i t a t e d by s t o r m w a t e r runoff o r by the 
d i f f e r e n t i a l p r e s s u r e s c r e a t e d in the f i l l by t i d a l v a r i a t i o n s of t h e 
wa t e r s u r f a c e aga ins t the r e t a i n i n g bank. 
8. Conclus ion 

8. 1 Hydrology of G e o r g e s R i v e r B a s i n 
In Sect ion 5, f lood e s t i m a t e s a r e g iven f o r s e v e r a l t y p i c a l 

r eg ions along the G e o r g e s R i v e r . T h e s e can be u s e d f o r d e s i g n 
of p roposed w o r k s in t h e s e l oca l i t i e s or f o r p r e l i m i n a r y d e s i g n in 
s i m i l a r r e g i o n s . F i n a l des ign in a r e a s not c o v e r e d by the s t u d y 
would need f u r t h e r ana lys i s . 

8. 2 R ive r Pol lu t ion 
T h e r e is no doubt that p r o b l e m s of pol lut ion a l r e a d y e x i s t in 

the G e o r g e s R i v e r and that t h e s e p r o b l e m s wi l l i n c r e a s e in the 
fu tu re with i n d u s t r i a l growth of the r e g i o n . As no s y s t e m a t i c da ta 
a r e at p r e s e n t ava i l ab le on f r e s h w a t e r in f lows , s a l i n i t y d i s t r i b u t i o n s 
and pollutant c o n c e n t r a t i o n s , a s a t i s f a c t o r y a p p r a i s a l of the p r o b l e m 
c annot at the m o m e n t be unde r t aken . 

3 E f f e c t of P r o p o s e d R e c l a m a t i o n W o r k s 
The inves t iga t ion of the G e o r g e s R i v e r E s t u a r y h a s i n d i c a t e d 

that t h e r e is at p r e s e n t a ba l ance be tween c h a n n e l c a p a c i t y and t i d a l 
s t o r a g e . F i g u r e 17 shows a c l e a r r e l a t i o n s h i p b e t w e e n c h a n n e l a r e a 
and the u p s t r e a m t ida l p r i s m . Any m a j o r r e c l a m a t i o n w o r k s which 
r e d u c e the t i da l s t o r a g e can be expec ted to r e d u c e the v e l o c i t y of 
t ida l f low, leading to s i l t a t ion , unt i l a new s e t of " e q u i l i b r i u m " 
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conditions is attained. The reclamation areas which have been 
proposed are shown in F igure 24. Many of these are of such a 
sca le that there is an appreciable reduction in the tidal volume. 
Using analytical methods, the reduction in velocity that would r e -
sult after construction of the works, has been estimated at up to 
10 per cent. This will lead to siltation during floods and a r e -
duction in channel area until the original velocities are restored. 
F o r the reclamation works shown in F igure 24, it is estimated 
that channel areas will be reduced by a maximum of 10 per cent with 
an average reduction in depth of up to 2. 8 feet. No estimate can, 
however, be given of the time over which these changes will take 
place. Tidal stages will be unaltered by the proposals. The 
changes in channel configuration will have no measurable effect 
on flood discharges and flood levels will not be significantly raised. 

A second effect of the proposed reclamation works is that they 
will aggravate pollution problems in the estuary by reducing the 
tidal pr i sm available for tidal flushing of the r iver . The flushing 
potential of the r iver above Salt Pan Creek has been estimated in 
Section 6. 61 for various fresh water inflows. The resul ts , however, 
are of l ittle value until systematic measurements are made of fresh 
water inflows and pollutant concentrations under various r iver con-
ditions. In the area of the proposed reclamation works, insufficient 
data on which to base a rel iable est imate of the increase in pollutant 
concentrations are available. This could be expected to be of the 

\order of the percentage tidal pr ism reduction or about 4 per cent. 
This is not considered to present an immediate problem. 

The effect of the reclamation works on oyster culture cannot be 
readily assessed . The biggest danger is the likelihood of increased 
turbidities near the proposed reclamation areas during the con-
struction period. Oyster growth is very susceptible to turbidity and 
if it is too high over a sustained period the oyster may die. It would 
be desirable to study carefully the effects of past reclamation works 
on nearby oyster farms to determine the magnitude of this problem. 
Large scale reclamation also tends to increase salinity stratif ication 
of the estuary which could have a secondary effect on the oyster 
f a r m s . However, until salinity measurements have been taken for 
various r iver conditions, the importance of this factor cannot be 
determined. 
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9. Recommendations 

9. 1 Reclamation Works 

Three types of reclamation works have been proposed: -

(i) Reclamation of areas substantially above high water. 
(ii) Reclamation of small bays associated with minor bank 

straightening. 
(iii) Large bay reclamation. 

The first two of these proposals have little effect on the 
estuary as a whole but local problems to nearby oyster leases 
could result because of the increased turbidities during construction. 
With care it is considered that turbidities could be kept down to an 
acceptable level and the authors can see no technical reason for not 
continuing with these types of works. Reclamation proposals which 
increase tidal storage (such as by dredging of mud flats etc. ) would 
also be technically acceptable. 

The third proposal, involving reclamation of large bays, sig-
nificantly reduces tidal storage available and the investigation has 
shown that the regime of the river would be measurably altered. 
The reclamation proposals shown in Figure 24 do not themselves up-
let the river regime to an extent that causes any real concern. 
Nevertheless it must be remembered that the effects of reclamation 
works on the tidal regime are cumulative, and already some large 
scale works have been carried out on the south side of the estuary and 
these have not been considered in this report. The effect of any 
single reclamation scheme will not fully develop for a long time and 
will be superimposed on the effects from other schemes. Some 
schemes will be more advantageous than others and these should be 
given preference. It is considered unwise to proceed with large 
scale schemes ( the Lime Kiln Bay proposal for example) before 
first carrying out a study of the ultimate reclamation requirements 
for the estuary. From such a study a scheme could be selected 
which will best serve the requirements with minimum detrimental 
effects to the facilities provided by the river. An adequate programme 
of data collection must be completed before such a study could be 
undertaken and a sound engineering appraisal made of all the long 
term effects of reclamation works. 
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9. 2 The Need fo r Unified Study 

It is c l e a r that over the next f i f ty y e a r s v e r y g rea t development 
wil l occur in the Georges R ive r Bas in . Study is needed of the 
p r e s e n t and fu tu r e r e q u i r e m e n t s fo r navigation, land usage , r e c l a m -
ation, so i l conse rva t ion , i r r i ga t ion , channel improvemen t , flood 
mi t iga t ion , sewage and indus t r i a l waste d i sposa l , con t ro l of bank 
e ro s ion , f i sh and wild l i fe p r e s e r v a t i o n , oys te r f a r m i n g and the p r o -
vis ion of r e c r e a t i o n a l fac i l i t i e s in aes the t ic su r roundings . Many of 
t hese r e q u i r e m e n t s a r e confl ic t ing and t he r e is an urgent need for a 
p r o g r a m m e to c o - o r d i n a t e the work of the va r ious bodies concerned . 
At p r e s e n t , th is probably could bes t be c a r r i e d out by set t ing up a 
C o m m i t t e e r e p r e s e n t i n g the var ious i n t e r e s t s to look at the overa l l 
development of the bas in . 

9. 3 Data Col lect ion 

The va r ious Government Depa r tmen t s have f r o m t ime to t ime 
col lec ted da ta , but mos t of th is is incomplete , unpublished and 
di f f icul t to a b s t r a c t . The s y s t e m of individual Depar tmen t s 
working independently is not conducive to economic data col lect ion 
and t h e r e is an urgent need fo r the launching of a p r o g r a m m e f inanced 
by a l l bodies concerned . F o r fu tu re s tud ies , sys t ema t i c data would 
be r e q u i r e d of: -

(i) f r e s h wa te r inflows for both d ry wea t ie r and flood, 
(ii) pollution and i ts d is t r ibut ion , 
(iii) sa l in i ty d i s t r ibu t ion under var ious r i v e r condit ions, 
(iv) sed imen t inflow and d is t r ibut ion , 
(v) comple te hydrographie su rvey of bays as well as channels , 
(vi) flood s t ages and hydrographs , 
(vii) t ida l s t ages and ve loc i t ies . 

Should a commi t t ee be es tab l i shed along the l ines outlined in 
8. 4, one of i ts f i r s t jobs should be to cons ide r what data a r e r e qu i r e d 
to s e r v e the p re sen t and fu tu re needs for r i v e r bas in planning and to 
outline the methods of obtaining this informat ion . 



32. 

A c k n o w l e d g e m e n t s 

The au thors a r e g r a t e f u l l y indebted to the Publ ic W o r k s 
Depar tmen t of N. S. W. f o r the b a s i c h y d r o g r a p h i c s u r v e y i n -
fo rma t ion used in t he se s tud ies . M r . H. Scho le r of tha t 
Depa r tmen t d e s e r v e s s p e c i a l r ecogn i t ion fo r h i s a s s i s t a n c e . 

The au thors a r e g r a t e f u l f o r con t r ibu t ions f r o m the Sta te 
F i s h e r i e s Depa r tmen t of N. S. W. , the Heal th D e p a r t m e n t of 
N. S. W. , the Mi tche l l L i b r a r y and v a r i o u s loca l Counc i l s . 
Res iden t s of the G e o r g e s R i v e r B a s i n c o - o p e r a t e d in supply ing 
in fo rmat ion on pas t f loods . 

Assoc ia te P r o f e s s o r s E . L a u r e n s o n and R. H a t t e r s l e y 
t endered valuable a s s i s t a n c e dur ing the work . 

The au thors thank M r s . D. Stone fo r c o m m e n t s and 
c r i t i c i s m s a r i s i ng f r o m h e r r ev iew of the o r ig ina l m a n u s c r i p t . 



A l . 

Appendix A. 

H i s t o r i c a l In format ion on Georges River 

1796 - B a s s and F l i n d e r s explore coas t south of Sydney and ascend 
G e o r g e s R ive r surveying its cou r se . F o r 60 y e a r s a f t e r 
th is event the only indus t ry in the a r e a was the col lect ion of 
she l l fo r l ime burning , the shel l being r e t r i e v e d f r o m la rge 
mounds the abor ig ines had built up along the f o r e s h o r e s . 
(H i s to r i ca l Re f s . 1 and 2). 

1797 - Govenor v i s i t s Botany Bay and Georges River and f inds good 
so i l on banks of Georges River sui table fo r cul t ivat ion and 
p a s t u r a g e , toge ther with the fact that the r i v e r is navigable 
fo r s m a l l c r a f t at l eas t 20 mi l e s up. (His to r i ca l Ref. 3). 

1809 - L ive rpoo l a r e a influenced by two floods r i s ing m o r e than 34 ft. 

1810 - L iverpool founded on banks of Georges River by Governor 
Macquar i e . 

1836 - L iverpool Weir cons t ruc ted at suggest ion of Surveyor Lennox 
to supply the town with f r e s h wa te r . 

1843 - F i r s t r e g u l a r punt s e r v i c e a c r o s s Georges River es tab l i shed , 
worked by means of a tow rope . (His to r ica l Ref. 4). 

1860 - F i r s t u s e made of a dredge to obtain oys te r she l l fo r l ime 
burning . Depths of up to 50 ft . w e r e dredged. (His to r i ca l 
Ref. 5). 

1866 - The Hon. Thomas Holt M. L. C. acqui red a t i t le f r o m the 
c rown to the t idal w a t e r s of Gawley Bay (180 ac re s ) and 
Weeney Bay (370 ac r e s ) fo r the purpose of oys te r f a rming . 
(H i s to r i ca l Refe. 6 and 7). 

1870 - "Approx imate ly 150 to 200 people consis t ing of m e m b e r s of 
p a r l i a m e n t , judges , l awyer s , m e r c h a n t s etc. t r ave l l ed by 
boat up the Georges River to within 6 mi les of L iverpoo l to 
gain f i r s t hand knowledge of the feas ib i l i ty of damming the 
Georges River for Sydney's wate r supply. Suggested dam 
s i t e s w e r e Kangaroo Point and Tom Ugly 's Point . The 
p roposa l was suppor ted by the P r e s i d e n t of the Wate r 



1870 -

A2. 

Commission, Professor Smith and Mr. John Young who was 
the contractor for the Sydney Exhibition Building and who had 
considerable experience as an engineer in embanking navigable 
rivers, constructing canals, weirs etc. in England. Mr. Young 
has been quoted as saying that, "it is quite practicable to con-
struct a dam at Tom Ugly's or Kangaroo Point at moderate 
costs, and both safe and secure - . There is an absence of mud 
flats and swamps, cultivation or dwellings of any kind, or in 
fact anything to contaminate the water " (Historical Ref. 8), 

Removal of oysters from Georges River was prohibited for 
some years as they were threatened with extinction. This was 
owing to the dredge being used without thought of future supply 
and because the foreshore rock oysters were not given a chance 
to recuperate from early ravages of lime burners and continued 
depredation by the public. (Historical Ref. 5). 

1885 - Como Railway Bridge opened. 

1887 - Heavy freshets last so long that a deposit of mud 3" thick v.̂ as 
left lying on all the natural beds in the river with the result 
that a large proportion of the oysters was smothered. 
(Historical Ref. 5). 

1897 - Present day method of oyster farming commenced. That is 
the laying out of logs and sticks as spat collectors as distinct 
from rock cultivation. (Historical Ref. 5). 

1913 - Continued freshets were the cause of considerable anxiety and 
labour to oyster farmers on account of the quantity of silt 
which was deposited on the beds, particularly those above Como, 
Large quantities of oysters were killed. (Historical Ref. 5). 

1929 - Tom Ugly's bridge was opened. 

1941 - Woronora Dam completed. 

1965 - Captain Cook Bridge opened. 



A3. 

H i s t o r i c a l R e f e r e n c e s 

1. Sydney Morning Hera ld 11. 10. 29 

2. Sydney Morning Hera ld 31. 3. 31 

3. Col l ins D, - 1802,"An Account of the Engl ish Colony in N. S. W. " 
Vol. 2. 

4. Cr id land F . - 1924, "Stor;y of P o r t Hacking, Cronul la and 
Suther land Sh i r e s " . 

5. Roughly T. C. - 1922, "Oys t e r Cul tu re on the Georges River 
N. S. W. " 

6. Shi re P i c t o r i a l 21. 9. 61 ) A newspaper c i r cu la ted in the 
n ou- -o- 4. • 1 oo n ) Sutherland a r e a of N. S. W. 7. Shi re P i c t o r i a l 2 8 . 9 . 6 1 j 

8. " T r i p up the Georges R ive r 1870" Compiled f r o m a r t i c l e s 
pr in ted in the Sydney I l lus t ra ted News dur ing October! 1870. 



Bl . 

Appendix B. 
Flood Flow Calculations 

Flood Peak Frequencies 

Two different approaches have been used in this aspect of the 
study, the first involving the following: -

(a) The estimation of rainfall-dsicharge relationships for the various 
sub-catchments by the Clark-Johnstone synthetic unitgraph procedure. 

(b) The routing of the sub-catchment unitgraphs through lower 
reaches of the river by the Muskingum method to produce unitgraphs 
at the points of interest. 

(c) The application of rainfall-duration-frequency data to these unit-
graphs to give estimates of flood peak frequencies. 

The unitgraphs are also used in calculating the design hydrographs 
for various recurrence intervals. 

There are some uncertainties in the above procedure concerning 
suitable loss rates and the reliability of the rainfall frequencies for rare 
floods. The second approach is therefore desirable as an independent 
check on the estimates and involves the following: -

(a) The determination from the historical records of flood level 
frequencies at a suitable point. 

(b) The calculation of discharges corresponding to these levels by the 
Manning Formula using cross sections and flood slopes from data 
supplied by the Public Works Department. 

There are also uncertainties with this procedure, mainly in 
selecting a roughness coefficient n, but the combined use of both 
approaches should provide the most reliable estimates possible 
under these circumstances. Peak times of travel and level relation-
ships for the estimation of routing constants and other parameters re -
quired for the calculations have been derived from flood data made 
available by the Public Works Department. These relationships are 
shown in Figures 28 and 29. 



B2. 

Unitgraph Synthesis 

Complete Clark-Johnstone synthesis of unitgraphs was carried 
out for each of the following major subcatchments: 

Upper Georges River (above Glenfield) - 97. 5 sq. miles 
Bunbury Curran Creek 35. 0 sq. miles 
Cabramatta Creek 28. 9 sq. miles 
Prospect Creek 34. 6 sq. miles 

The parameters C (maximum travel time) and K (average storage 
delay time) were estimated by using the Clark-Johnstone formulae mod-
ified for N. S. W. conditions as determined by Cordery (1967). 

Approximate unitgraphs were synthesized for the following minor 
sub-catchments: -

Glenfield - Liverpool local inflow 5. 6 sq. miles 
Liverpool - Chipping Norton local inflow 5. 9 sq. miles 
Chipping Norton - Georges Hall " " 1.3 sq.. miles 
Georges Hall - Milperra " " 2. 5 sq, miles 
Williams Creek 20. 7sq. miles 
Milperra - East Hills local inflow 6 .6sq . miles 

For these unitgraphs, C was estimated by a method due to 
Mclllwraith (Institution of Engineers, Australia 1958) and K was assumed to 
be a value between 0. 4C and 0. 8C, depending on the catchment shape and 
channel storage characteristics. 

The time-area diagrams were assumed to be rectangular with 
bases equal to C. 

The lower section of the main river was divided into five reaches 
and the above unitgraphs were routed through these reaches using values 
of K as derived from Fig. 28. The Muskingum parameter x was 
assumed to be 0. 25 for the lower reaches and 0. 30 for the Glenfield-
Liverpool and Mulgoa Road-Chipping Norton reaches. 

The final unitgraphs from the above procedure represent the 
hydrographs resulting from one inch of excess rainfall in one hour 
distributed uniformly over the entire catchment, and are given bv 
Fig. 30. ^ 
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C r i t i c a l D u r a t i o n s 

An "S" c u r v e t echn ique was u s e d to d e t e r m i n e the c r i t i c a l f l ood -
p r o d u c i n g r a i n f a l l d u r a t i o n s f r o m the p r e v i o u s l y d e r i v e d u n i t g r a p h s . 
T h e s e d u r a t i o n s w e r e found to be: 
(a) 16 h o u r s . f o r G e o r g e s R i v e r at M i l p e r r a and E a s t Hi l l s 
(b) 7 h o u r s f o r P r o s p e c t C r e e k at G e o r g e s Ha l l 
(c) 5 h o u r s f o r C a b r a m a t t a C r e e k at Chipping Nor ton . 
R a i n f a l l L o s s e s 

S tud ies show tha t the a v e r a g e wet s p e l l on the G e o r g e s R i v e r c o n -
t i n u e s f o r 3 to 4 days wi th an a v e r a g e r a i n f a l l l o s s of about one inch. 
T h i s r e p r e s e n t s a l o s s r a t e of a p p r o x i m a t e l y . 015 inch p e r hou r which is 
an a p p r o p r i a t e va lue f o r d e s i g n p u r p o s e s when r a i n f a l l d u r a t i o n s a r e r e l -
a t i ve ly long. 

F o r s h o r t - d u r a t i o n s t o r m s , a s tudy by L a u r e n s o n and P i l g r i m 
(1963) of l o s s r a t e s on a l a r g e v a r i e t y of c a t c h m e n t s ha s shown tha t 
l o s s e s a r e u s u a l l y wi thin the r a n g e of . 02 to . 12 i n c h e s / h r . F r o m 
o t h e r s t u d i e s ( P i l g r i m ' 1 9 6 6 ) it is a l s o evident tha t l o s s r a t e s tend to 
be h i g h e r with s h o r t e r r a i n f a l l d u r a t i o n s and lower when c a t c h m e n t 
s u r f a c e s a r e r e l a t i v e l y i m p e r v i o u s . The fol lowing a v e r a g e va lues have 

t h e r e f o r e b e e n adopted: -
(a) G e o r g e s R i v e r at E a s t Hi l l s and M i l p e r r a : 

12 h o u r s ' r a i n f a l l d u r a t i o n 
16 " 
24 " 
72 " 

, 4 ins . t o t a l l o s s II 11 I' . 5 
. 6 

1. 0 

(b) P r o s p e c t C r e e k at G e o r g e s Hal l 

12 
24 
72 

7 h o u r s ' r a i n f a l l d u r a t i o n li II n . 2 in s . t o t a l l o s s 2 It n " 
,'. 4 " 
. 8 " 

II 
II 

II 
M 

(c) C a b r a m a t t a C r e e k at Chipping N o r t o n : 

8 
24 
72 

5 h o u r s ' r a i n f a l l d u r a t i o n n II n . 2 ins . t o t a l l o s s 2 M II M 
. 6 

1. 0 
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These have been deliberately selected on the conservative 
side as explained below. 

Calculation of Peak Flows by Unitgraph-Rainfall Frequency Method 

Rainfalls for the various critical durations were obtained for 
frequencies of 2 years, 20 years, 50 years and 100 years. The ad-
opted losses were subtracted from these values to give volumes of ex-
cess rainfall, and this indicated the appropriate multiplying factors to 
apply to the peak unitgraph ordinates. The resulting peak flows may be 
assumed to have the same frequencies as the rainfall volumes. 

It was not considered necessary to allow directly for the effects 
of varying rainfall intensities within the critical durations, although 
there are methods available for doing this. Previous experience has 
suggested that neglecting such variations causes peak flows to be 
underestimated usually by about 5 pc. which can be indirectly allowed 
for by selecting conservative values of rainfall losses, as has been done 
here. 

The consequent simplification in calculations appears justified 
in this particular study but it should be kept in mind as a possible 
source of small errors. Fig. 8 shows the peak flows at Milperra for 
various frequencies by this method. 

Calculation of Peak Flows by Manning Formula 

A cross section 4, 500 feet upstream of Milperra Bridge at 
"Kentucky" was selected as suitable for the calculations because:-

(a) The water is confined to a reasonably narrow section with a 
minimum of shallow flood-plain flows. 

(b) Pondage is not excessive and velocities would be relatively 
uniform. 

(c) The section is fairly representative of the reach between 
Milperra and Georges Hall for which flood slopes are available, 

(d) It is close to Milperra where peak flows have been estimated 
by the unitgraph-rainfall frequency method. 
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The app rop r i a t e value of r oughnes s , n, would probably be be tween 
. 03 and , 04 fo r mos t flood f lows, and d i s cha rge c u r v e s c o r r e s p o n d i n g to 
t h e s e two values have been p r e p a r e d f r o m the data supplied by the 
Publ ic Works Depa r tmen t . 

F r o m the un i tg raphs fo r M i l p e r r a and Georges Hall (Fig . 30), the 
peak d i s c h a r g e at M i l p e r r a is e s t ima ted at 98 pc. of the peak d i s c h a r g e 
a t ' k e n t u c k y " . The wa t e r level r e l a t ionsh ips a r e given by F ig . 29. 
D i s c h a r g e c u r v e s at M i l p e r r a shown in F ig . 3, a r e t h e r e f o r e r ead i ly 
de r ived f r o m those at "Kentucky". 

The obse rved flood level f r equenc i e s have been ca lcula ted in 
Table 2 and the co r r e spond ing d i s cha rge f r equenc i e s have been plotted 
on F ig . 8 whe re they a r e d i r ec t ly compared with the e s t i m a t e s of the 
p rev ious sec t ion . 

T ida l E f f e c t s on Flood Slopes 

As the r e a c h e s below Liverpool a r e t ida l , it was n e c e s s a r y to 
c o n s i d e r the s igni f icance of t idal e f fec t s on the previous ca lcu la t ions . 
It was noted in the h i s t o r i c a l r e c o r d s that the peaks of 1873, 1889 and 
1956 al l o c c u r r e d one or two hours a f t e r high t ide and the r e c e s s i o n 
f lows w e r e t h e r e f o r e poss ibly r e t a r d e d . 

The t ida l pa t t e rns for a number of r ecen t floods w e r e ca lcula ted 
f r o m deta i led data at F o r t Denison, allowing for the lag between this 
s t a t ion and Georges R ive r ( l ^ f o 3 hours) . The plotted points of F ig . 29 
a r e consequent ly label led H or L depending on whether the flood peaks 
o c c u r r e d nea r high or low t ide. No marked var ia t ions a r e apparent 
due to th is f a c t o r , although lower floods would undoubtedly be af fec ted 
to s o m e extent . 

C o m p a r i s o n between. F r e q u e n c y E s t i m a t e s 

Fig.8 shows good agreement , up to a r e c u r r e n c e in t e rva l of 30 
y e a r s , b e t w e e n the two methods of es t imat ing flood f r e q u e n c i e s . F o r 
longer r e c u r r e n c e in t e rva l s , however , the Manning fo rmu la e s t i m a t e s 
a r e s ign i f ican t ly h igher than the u n i t g r a p h - r a i n f a l l e s t i m a t e s . 

T h e r e is cons ide rab le evidence to suggest that the r a in f a l l f r e -
quency data a r e unre l i ab le in this r ange , for example: 

(a) The tab les of heavy r a in f a l l s avai lable (Bureau of Meteoro logy, 
1948) which show g r e a t e r values fo r the Georges River than would be 
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expected from the rainfall frequency data. 

(b) The envelope curve of maximum floods for N. S, W, The rainfalls 
corresponding to these floods are also greater than would be expected 
from the rainfall frequency data. 

(c) The February 1956 flood, when approximately 10 inches of rain 
fell on the Georges River in 17 hours. According to the rainfall f re-
quency data this would occur only about once in 70 years but the 1956 
flood has, in fact, been equalled or exceeded 4 times in 100 years. 

An examination of the methods used to derive the rainfall frequency 
data suggests several possible reasons for their unreliability: 

(a) The basic assumptions used for extrapolating the data from capital 
cities to rural areas are suspect for N. S. W. conditions. 

(b) The 16 hour rainfalls are interpolated between assumed 5 minute 
intensities and observed 3 day rainfalls and there is little logical 
justification for the mathematical form of the interpolaxion. 24 hour 
rainfalls should have been used, as in the corresponding Victorian data. 

(c) The rainfall frequency data are based on records between 1910 and 
1953. Relatively few floods occurred in this period and it is a poor 
time sample for the estimation of rare events. 

Although the Manning formula calculations appear to provide better 
estimates of the frequencies of rare floods, the unitgraph-rainfall f re -
quency method is superior for the smaller floods, as many of these 
have not been reported in the historical records. The adopted frequency 
values are therefore given by the full line in Fig. 8. Gradually varying 
values of n were assumed for the larger floods, depending on the c ross -
section characteristics. 

Design Hydrographs 

The flood peak frequency study indicated that the rainfall-frequency 
data for the Georges River should be adjusted as follows:-

Up to 20 year recurrence interval no adjustment 
„ , " multiply by 1. 09 

30 to 40 " " " .. ^ ^ 22 
40 to 50 " " " n „ • 2 
50 to 100 " " " .. n / 

1. b 4 
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Using t h e s e ad jus t ed va lues of r a i n f a l l f o r the c r i t i c a l du ra t i ons 
and the l o s s e s given, des ign hyd rog raphs w e r e ca lcu la ted fo r E a s t 
Hi l l s , P r o s p e c t C r e e k and C a b r a m a t t a C r e e k , as shown in F i g u r e s 
9, 10 and 11 r e s p e c t i v e l y . 

The r e l a t i v e cont r ibut ions to the E a s t Hil ls hyd rog raph f r o m the 
Shale and Sandstone a r e a s a r e given in F ig . 6. 
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Appendix C 

Tidal Stage and Velocity Calculations 

Theoretical Considerations 

Fig. 32: 'Estuary Schematization. 
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For the finite interval shown in Figure 33, the basic equations 

to be satisfied are:-

(i) Continuity 

B ^ (1) 

(ii) Motion 

!OlO 
^ -V-q V ^ ( 2 ) 

where 

A = cross sectional area of the channel carrying the tidal flow 

B = mean surface width of the estuary = A ^ / A x where 

Ag is the surface area between section (1) and section (2) 

U = mean channel velocity 

Z = surface displacement relative to m e a n surface level 

R = hydraulic mean radius of the tidal channel 

C - Chezy resistance coefficient 

X = length of reach 

The solution of these equations can be simplified by linearizing 

the friction term. If it is assumed that the friction slope (Sg) can be 

written in the form 

r U ^ _ M O 

equation (2) can be rewritten as 

3 0 q ^ Z ^ M O ^ O 

i t (3) 

For a constant value of the linearized friction coefficient M and 

assuming simple harmonic motion solutions, equations (1) and (3) 

have the known general solutions. 

Z(x) = a(x) cos C cr t - 6(x)l 

= a(x) [coscr t . cos 6(x) + sincT t.sin 6(x) 

= z(x, 1) coscr t + z(x, 2) sin a t (4) 

U(x) = b(x) sin[cr t - e(x)l 

= b(x) [sin or t-cos 9 (x) - cos CT t- sin e(x)] (5) 

= u{x, 1) sina t - U(x , 2) cos a t 
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where Z(x) = surface displacement at chaînage x 

U(x) = mean velocity at chaînage x 

a(x) and b(x) = tidal amplitudes at chaînage x 

Ô (x) and 6(x) = tidal phases at chaînage x 

CT = angular velocity of the wave 

2tï 
= — w h e r e T = wave period 12. 42 hours 

Substituting equations (4) and (5) into equation (1) and replacing 

the derivatives by finite differences we have 

- cr Bzt-.x) b . - c ) 
and by performing a similar substitution in equation (3) 

b.'ZijL.x^ + A x I 

If the magnitude of z(x, 1)' 2 ) ' ^ (x, 1) 2) known at 

a section in a tidal estuary, equations (6) and (7) may be solved by 

finite difference methods to obtain the variation of stage and velocity 

throughout the estuary provided the friction coefficient M can be 

estimated. 

Evaluation of Friction Coefficient M 

To evaluate M the following assumptions are necessary:-

(i) The Chezy resistance coefficient is constant for all velocities. 

(ii) The variation of velocity with time is a harmonic function 

i. e. U = Uj^^x. cr t 

(iii) The friction term can be linearised on the basis that the work 

done by friction over a tidal cycle per pound of fluid is the same 

whether evaluated by the quadratic resistance relationship or by a 

substitute linear approximation. 

(iv) The friction coefficient M is a constant for all velocities. 

Now the work done by friction within the element A x per pound 
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of fluid is 

W = CTc P A ^ 0 , 
^ V A 

= ( H . O ^ t 

w h e r e ^ = bed shear stress 

P = wetted perimeter 

= specific weight of fluid 

and by assumption (iii) 

substituting U = Uĵ ĵ̂  cos cr t and solving for M 
"I 

or M = ^ ^ ^ ^ (8) 
ITVC^R 

Steps in the Solution 

1. Firstly, the estuary must be schematized by dividing the estuary 
into channels which convey water, and sections (such as shoals, dead 
end bays etc.) which store water on the rising tide and release it on 
the ebb. 

2. The channel section is broken down into finite intervals along the 
axis of the estuary as shown in Figure 24. 

3. From observations of velocities, values o fU( i^ i ) a n d U ^ g) 
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calculated from equation (5). Tidal velocities observed at Lugarno 

Ferry and T o m Ugly's Bridge are shown in Fig. 15 from which values 

of ^(x, 1) snd ti(x, 2) were estimated. These values and the resultant 

plot are also -shown in Fig^̂  5. 

4. F r o m observations of stage, values of i) and z(i ,2) 

culated from equation (4). Stage variations observed at Lugarno 

Ferry and T o m Ugly's Bridge are shown in Figurel6 from which values of 

z(x, 1) ^^^ 2) were estimated. These values and the resultant plot 

are also shown in Fig. 16. It is to be noted that for the short term records 

the mean water surface at these stations was calculated at slightly less 

than R L . 100, the recognised mean sea level. Nevertheless, the short 

term value was adopted because:-

(i) we are only approximating the tidal wave to a sine wave; 

(ii) for computation we are interested only in surface level 

deviations from the mean and not absolute values; 

5. F r o m the value of (Uj^^ax " "/^^(x, 1) ^^(x 2) ^^^ magnitude 

of M is calculated from equation (8) using an appropriate value of 

Chezy coefficient C . 

6. Using equation (6) values of u(x, 1) 2) are evaluated along 

the estuary. 

7. Using equation (7) values of z(x, l) and z^^, 2) evaluated along 

the estuary. 

This procedure has been carried out for the Georges River estuary 

using a digital computer (see Table C I for programme) for a range of 

Chezy resistance coefficients. 

Application of Theory 

The overall method of application to the Georges River was as 

follows: -

(a) F r o m the two sets of field data obtained from T o m Ugly's Bridge 

and Lugarno Ferry, values of maximum tidal velocity (Uj^^^) maximum 

water surface variation from the mean were calculated at other 

selected cross sections along the Georges River using a range of Chezy C 

values from 90 to 150. A suitable value of C was then selected for 
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further investigation. The locations of the cross sections selected 
are shown in Fig. 24 and a summary of the survey data required for 
computation is shown in Table C2. Initially it was intended to use the 
field data from Tom Ugly's Bridge for the estuary reach below cross 
section 14 and the field data from Lugarno Ferry for the estuary reach 
above cross section 15 thus eliminating the necessity of schematising 
the Woronora River into a reach of the Georges River between cross 
sections 14 and 15. The value of C selected for further investigation 
would be that which produced a good correlation of velocities and tide 
heights at the Woronora Junction. It can be appreciated that while a 
continuity of tidal elevation must be expected between these points a 
continuity of maximum tidal velocities need not be expected. 

(b) Having selected this value of C the computer input data was 
modified to account for tidal storage reductions that will be caused by 
proposed reclamation works and values of Uj^^x Z^^g^ sgain 
computed. The two sets of results corresponding to pre-reclamation 
and post-reclamation periods were then studied to see if any un-
desirable effects resulted. For example, if velocities were reduced 
significantly it could be assumed that siltation and shoaling of the 
estuary would increase. 

Results 

Results for Part (a). 

The results for the procedure outlined in Part (a) above are 
shown in Table C3. From this table, it can be seen that values of 
maximum tidal elevation were more sensitive to variation of C than 
were values of maximum tidal velocity. C = 150 gave good continuity 
of tidal elevations between sections 14 and 15 while values of maximum 
tidal velocity were unreconcilable in every case. These sections are 
similar in area but a velocity was obtained upstream of the junction 
four times greater than that below the junction. It can be seen that 
no sensible selection of Chezy coefficient would improve the position. 
For the 7 values used, no alteration in velocities could be produced but 
rather remained constant at 0. 47 feet per second for Section 14 and 1. 85 
feet per second at Section 15. 

Consequently, the Woronora River was schematised into a reach of 
the Georges River between Sections 14 and 15. Two sets of values for 
tidal velocities and tidal elevations were computed for the whole estuary 
using first the data collected at Tom Ugly's Bridge and then that 
collected at Lugarno Ferry. These results, for C = 150, are shown 
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in Table C4. 

Point velocity measurements were then taken of maximum tidal 
velocities at various points along the Georges River to determine:-

(i) if any gross errors occurred in the original field data; 

(ii) which set of field data produced computed results nearest 
actual conditions. 

These point velocities, shown in Table C4 cannot be expected to 
yield estimates of tidal velocities anywhere near as accurate as those 
determined from comprehensive field studies previously executed at 
Lugarno and Tom Uglys with velocities determined from measurements 
over an entire cross -sect ion , but can be relied upon to give good 
approximations. 

A comparison of the computed tidal elevations with Fig. 7, which 
indicates there is little variation in tidal range for the whole estuary, 
shows that the results derived from Lugarno Ferry data are the most 
satisfactory. The point velocity readings indicate that no gross 
errors occurred in the original velocity data collection. Further they 
indicate that velocities upstream and downstream of the Woronora 
Junction should be approximately the same and both sets of data possess 
this characteristic. However, when overall comparison is made of the 
magnitude of computed maximum velocities and the magnitude of point 
velocity readings, those results derived from Lugarno Ferry data give 
a better agreement. Nevertheless, they could be considered as 
reasonably accurate only as far down as cross section 13. Below 
section 13 the river contains some extremely tortuous bends with many 
large off-channel bays such that the schématisation adopted may not 
yield a satisfactory approximation to real conditions. Further, eddy 
losses may be significant in this reach. These factors would explain 
unreconcilable velocity results obtained at the Woronora Junction when 
w orking upstream from Tom Uglys and downstream from Lugarno. 

Therefore, all further computation was based on the Lugarno 
Ferry data and even though it cannot be relied upon to yield good 
quantitative results downstream of Section 13, qualitative comparisons 
such as pc. changes in velocity are possible in part (b) of the analysis. 

Results for Part (b) 

The proposed reclamations are shown in Fig. 24. Where large 
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areas between high and low water are reclaimed, either with material 
dredged from below low water level or imported from elsewhere, the 
tidal storage is correspondingly reduced. Therefore, for a rising tide 
the volume of inflowing water is less and for an ebb tide the volume of 
outflowing water must also be reduced. Since the period of the tidal 
cycle remains unchanged, it can only be expected that tidal velocities 
will be smaller. 

The proposed reclamations all occur below section 20, indicating 
that the tidal characteristics above this point are unchanged, because 
tidal storage upstream is not altered. Hence, commencing with the 
values ofvL'i, U2, z^, .Z2, Umax and Zj^^x computed for cross section 
20 for existing conditions from the Lugarno Ferry data, new values of 
tidal velocities and elevations were computed for the estuary downstream 
of section 20 using input data which accounted for the tidal storage r e -
duction produced by reclamation. This change in the input data is done 
by altering the values of B , the average river surface width between 
sections. These adjusted values of B are shown in Table C2, while 
the new computed results are shown in Table C5, together with the 
original values for comparison purposes. 
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Sample Tidal Dynamics Computation (as executed with the aid of 
a digital computer). 

Calculations for Estuary Reach between Sections 6 and 9 
(see Figure 24). 

(a) Table C2 shows that the following basic data were derived from 
field observations taken at Tom Ugly's Bridge (Cross Section 6). 

u'(6,l) = -0. 40;U(6,2) = +0.67; z(6, i ) = -0.13; z(6, 2) = - 1. 55 

(Umax)6 = -0. 40)^ + 0.672 = 0. 78 ft /sec. 

(Zmax)6 ^̂ ^̂  ( -1 .55)2= 1.55 ft. 

(b) M5_g (i. e. for reach between Sections 6 and 9) = 
SttC^ R6_g 

Rg.g = i^verage hydraulic radius of reach = 21. 55 ft. from 
Table C2 

C = Chezy coefficient = 100 (assumed) 
. 8x32. 2 X 0. 78 ^ ^^ 

• - ^ 6 - 9 = 3 , , 104x 21. 55 = ^^ - 10 

( 0 Z^(ui) = 

^6-9 " average surface width of reach between sections 
6 and 9 

= 2580 ft. from Table C2 
Ag.g = average cross section area of reach between 

Sections 6 and 9 
= 31, 900 square ft. from Table C2 

/ ^ x = length of reach and is-4vein the upstream direction 
= +6950 feet 

(y = ^ = 1. 406 X 10-4 sec. where T = period of tide 
cycle î bi 12. 42hrs. = 44, 712 sees. 

. A , , 1. 406 X 10-4 X 2580 x (-0. 13) x 6950 
• • = 317900 = -O'Ol 

^'(9, 1) = ^(6, 1) + ^ l) = -0. 40 - 0. 01 = -0. 41 
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X 
Similarly ^^ (ug) = (T ^6-9 ^(6,2) ¿^ ^ 

A6-9 

^(9,2) 

(Umax) 9 

(d) A (zi) 

= ^(6,2) + = - 0-12 = + 

= 7 (-0. 41^) + (0. 55)^ = 0.68 ft/sec. 

0. 55 

32. 2 

= +0. 02 

406 X 10-4) X (-0. 40) + 0. 99 X lO'̂ ^x 0. 6^6950 

.z (9,1) = =-0.13+ 0.02= -0.11 

Similarly A(z2) = g -cr«(6,2) " ^6-9 ^(6,1) ¿X = -0. 02 

• ^(9,2) = + A (22) = - 1 . 5 5 -0.02 = 1.57 

• • (2'max)9 = -y/i-O. 11)2 ^ 57^2 ^ 1,57 ft. 
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T A B L E G l . 

PROGRAMME FÜR TIOAL DYNAMICS IN A REAL ESTUARY WORKING FROM ONE 
STATIOtI WHERE TIDE HEIGHT V'S TIME AND TIDAL VELOCITY V,'S TIME 
ARE KNOWN 
A=CROSS SECTION AREA OF REACH=(A1+A2)/2 
B=SURFAC£ WIDTH OF REACH=<SURFACE AREA OF REACH)/DELX 
DELX=LENGTH OF REACH 
R=HYDRAULIC RADIUS OF REACH=(RI+R2>/2 
UXil.l) AND UX,I,2) ARE CONSTANTS IN HARMONIC EQUATION FOR TIDAL 
VELOCITY AT ANY ONE STATION 
ZX(I,1» AND ZX(I,2) ARE CONSTANTS IN HARMONIC EQUATION FOR TIDAL 
ELEVATION AT ANY ONE STATION 
UM=«AX1MUM TIDAL VELOCITY 
ZM=MAXIMUM TIDAL VARIATION FROM MEAN SURFACE LEVEL 
C=CHEZY CONSTANT 
S=COEFFICIENT OF LINEAR FRICTION 

C L=NUMfaER OF FIRST REACH AND FIRST CROSS SECTION 
C N=NUMBER OF REACHES^iNUMBER OF CROSS SECTIONS MINUS ONE 
C K=NUMBER OF CHEZY C VALUES TO bE TRIED 

DIMENSION A(l6),Bil6),DeLXi 16),R<16),U>',(17,2),UM( 17) , ZX ( 17 ,2 > 
DIMENSION ZMa7),C(?)»S<16) 
L= 1 
N=16 
READ <l,l3i<CiKJ,K=1,7I 
READ (l»5)(A(n,L=l>lli 
READ (l,50)(A{Ii,l=12,M 

READ ( 1»5I)(B( 1) U=12,N) 
READ (l,l5)<DELX(n,l=l , l l» 
READ il,52){UELXiLI,l=12,Ni 
READ (l,l6HR(I)«I»lfll) 
READ ( l,53)iRC 
READ (lf6IUXa.l)>UX(l»2) ,ZX(i>l)»ZX(l,2) 
READ Uf22)UMIl) 

17 DO 10 K=l,7 
6 DO 7 Ii=L,N 

ZMl n = S0RT(ZX(I,l»»*2+ZX( l , 2 ) * * 2 ) 
UM( I)=SQRTiUXi 1,1 j«'*2+UXC L,2)«*2i 
S(E)=i8.0»32.2*UM(I))/(3.0*3.14i6»CIK)»•2*R(I)) 
UX( I + l,ll=UX(i ,l) + l 1.406E-4*B(I )*ZX( I, IX'DELXi IJ )/A( I) 
UXi I+1,2)=UX( I,2J<-i 1.406E-4*BI l)*ZXl 1,2)*DELX{ 1) )/A( i;) 
ZX(1+1,1»=ZXi1,1)+i(-1.406E-A*UX1I,1)+S(n^UXI1,2))«DELX(I))/32.2 

7 ZX(I-H,2)^ZX(I,2J + I (-1.406E-4*UX(I ,2)-S(n«UX( 1,1 ))*DELX( I) )/32.2 
WRtTE(3 ,12)C(K) 
MR ITE(3 ,23HDELX(I) ,I=L,N) 
riRITE(3 ,24)(UX(I+1, 1),I=L, N) 
WR ITEI3 ,25) (UXili-l, 2),I=L, N) 
WRITEi3 ,26)IUM(I+1) , I=fL,N) 
WRLTE(3 ,27)IZXiI+l, I)rl-L, N) 
WR ITE(3 ,28)(ZXiI+l, 2),I=L, N) 
HR ITE(3 ,29)(ZM(I+1} ,L=L,NI 

10 CONTINUE 
13 FORMAT I7F6.0) 
5 FORMAT aiF7,0) 

50 FORMAT i5F7.0) 
14 FORMAT I11F7.0) 
51 FORMAT 15F7.0) 
15 FORMAT (11F7.0) 
52 FORMAT (5F7.0) 
16 FORMAT II1F6.2) 
53 FORMAT (5F6.2) 
6 FORMAT (4F10.3) 

22 FORMAT (F5.2J 
12 F0RMATI2H C//F10.0) 
23 F0RMATI6H DELX(I»//16F7.0) 
24 FORMATilOH UXiI,1)//16F6.2) 
25 FORMATilOH UXiI+1,2)//16F6.2) 
26 F0RMAT(8H UM(I•1)//16F6.2) 
27 FORMATilOH ZX(I+1,1)//16F6.2) 
28 FORMATilOH ZX(I•I,2)//I6F6.2) 
29 FURMATIBH ZMII+1)//16F6.2J 

STOP 
END 
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Tab le C2. 

S u m m a r y of S u r v e y Da ta 
o Q; Q) GO (D -Q-CO ^ (N CO O . bß 
U O 
V 

O 

o 

1 

4 
6 

9 
11 
13 
14 
15 
16 
17 
19 
20 

22 

24 
26 

27 
29 
31 
33 

35 ,800 
56, 400 
37 ,400 
26 .500 
17 ,100 
15 ,300 
12, 700 
12,000 

9 ,850 
7, 710 
7, 960 
6, 260 
8 , 3 4 0 
4, 000 
2, 230 
3, 180 
3, 000 
1, 200 

783 

CQ ^ ^ M O O ̂  CÖ ^ 
U <3 (UCQ 
^ ^ o 
46 ,100 
46 ,900 
3 1 , 9 0 0 
21 ,800 
16,200 
14, 000 
12, 400 
10 ,900 

8 , 7 8 0 
7 , 8 3 0 
7, 110 
7, 300 
6, 170 
3, 120 
2, 700 
3, 088 
2, 100 

990 

T3 03 03 . 
§ 5 

o" CD O CO K 
9. 96 

22. 50 
26. 70 
16. 40 
12. 20 
10. 40 
14. 96 
8. 88 
8. 42 

11. 00 
11. 40 

7. 35 
18. 00 
10. 50 

7. 09 
9. 90 

11. 70 
7. 05 
5. 70 

Ti O ^ 
iU . o . T3 CO > CO 0) < tf Pi 
16. 23 
24. 60 
21. 55 
14. 30 
11. 30 
12. 68 
11. 92 

8 . 6 5 
9. 71 

11. 20 
9. 37 

12. 67 
14. 25 
8. 80 
8. 50 

10. 80 
9. 37 
6. 37 

o £ 

cJ ^ S Qi J ^ 

6 ,240 
4,080 
6 ,950 
4,400 
2 , 8 0 0 
1 , 6 0 0 
1 , 6 0 0 
6, 200 
3 , 0 0 0 
6, 000 
3 , 8 0 0 

11 ,800 
5 , 6 0 0 
9 , 8 0 0 
5, 200 

12, 200 
1 7 , 4 0 0 
13 ,400 

A v e r a g e S u r f a c e 
Width of R e a c h ( f t . ) 

(D S 
u a ^ O rH C Ü O (Ü (U -rt m tf CÖ 

1 2 , 3 0 0 
9, 450 
2, 580 
5 , 5 0 0 
1,600 
2 , 7 2 0 

1 2 , 8 0 0 
2 , 8 4 0 
1 , 1 5 0 
1,060 
3, 720 
1, 200 

327 
398 

1, 290 
294 
264 
163 

U CÖ (D <—' 
« « Q) 
< cc; 
1 2 , 3 0 0 

9, 390 
2 , 5 6 0 
5, 250 
1,600 
2 , 6 2 0 

12,800 
2 , 3 2 0 
1, 110 

910 
3, 120 
1, 200 

327 
398 

1, 290 
294 
26 4 
163 
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Table C3. 

Computed Values of ^max ^ Range of C Values 

Cross 
Sect, No. C = 90 C = 100 C = 110 C = Ì20 C = 130 C = 140 C = 150 

(see F ig . 24) (see F ig . 24) 

Umax. Z max. U max. Z max. u max. ^max. u max. Z max. u max. Z 
max. 

u max. Z 
max. "max. ^max. 

f. p. s. ft. f . p . s . ft. f. p. s. ft. f. p.s. ft. f. p. s. ft. f. p. s. ft. f. p. s. ft. 

1 1. 25 1. 54 1. 25 1. 54 1. 25 1. 53 1. 25 1, 53 1. 25 1, 53 1, 25 1. 53 1. 25 1. 53 
4 0. 93 1. 55 0. 93 1. 54 0.93 1,54 0. 93 1, 54 0. 93 1, 54 0, 93 1.54 0. 93 1, 54 
6* 0. 78 1. 55 0. 78 1. 55 0. 78 1, 55 0. 78 1. 55 0. 78 1, 55 0, 78 1, 55 0. 78 1, 55 
9 0. 68 1. 56 0.68 1. 56 0. 68 1, 57 0.68 1, 57 0.68 1, 57 0,68 1. 57 0. 68 1.57 

11 0. 52 1. 56 0. 52 1. 56 0. 52 1, 57 0. 52 1. 57 0. 52 1. 57 0. 52 1. 58 0. 52 1, 58 
13 0. 49 1. 56 0. 49 1. 56 0, 49 1, 57 0. 49 1. 57 0. 49 1. 57 0. 49 1. 58 0. 49 1. 58 
14 0. 46 1. 56 0. 46 1. 56 0. 47 1.57 0. 47 1. 57 0. 47 1.57 0. 47 1. 58 0. 47 1. 58 
15 1.85 1. 72 1. 85 1. 68 1. 85 1.66 1. 85 1.64 1. 85 1. 62 1. 85 1. 61 1. 85 1,60 
16 1. 56 1. 61 1. 56 1. 60 1. 57 1, 60 1, 57 1. 59 1.57 1. 59 1. 57 1. 59 1. 57 1. 58 
17+ 1. 50 1. 57 1. 50 1. 57 1. 50 1, 57 1. 50 1. 57 1, 50 i . 5 e 1. 50 1. 57 1. 50 1, 57 
19 1. 37 1, 52 1. 37 1. 54 1. 37 1, 55 1. 37 1. 56 1,37 1, 56 1. 37 1. 57 1. 37 1. 57 
20 1. 10 1. 48 1. 10 1. 51 1. 10 1. 53 1. 11 1. 54 1,11 1. 55 1, 11 1, 56 1. 11 1. 57 
22 0. 94 1. 42 0. 95 1. 46 0. 95 1. 49 0.96 1. 51 0, 97 1. 53 0. 97 1. 55 0. 97 1. 56 
24 0. 92 1. 40 0, 93 1. 44 0. 94 1. 47 0. 95 1, 5Q 0, 96 1.52 0. 96 1, 54 0. 97 1. 55 
26 0. 88 1. 31 0. 91 1. 37 0, 93 1. 41 0, 95 1. 45 0. 96 1. 48 0. 97 1. 50 0, 97 1. 52 
27 0. 98 1. 26 1. 03 1. 32 1, 08 1. 37 1. 11 1, 41 1, 13 1. 44 1. 15 1. 47 1. 17 1. 49 
29 1. 08 1. 14 1. 15 1. 21 1. 20 1, 26 1, 24 1, 31 1, 28 1. 35 1. 30 1. 38 1. 32 1. 41 
31 1. 31 0. 90 1. 40 0. 99 1. 48 1. 06 1. 54 1.12 1. 58 1. 17 1. 62 1. 21 1. 64 1. 25 
33 1. 53 0. 66 1.66 0. 78 1, 75 0. 82 1. 82 0. 88 1, 89 0. 95 1. 93 1. 00 1. 98 1, 05 

Remarks 

Using 

Tom 

Uglys' 

F ie ld 

Data 

Using 

Lugarno 

F e r r y 

F ie ld 

Data 

*Basic f ie ld data. Collected at Tom Uglys' Bridge 

+ Basic f ie ld data. Collected at Lugarno F e r r y 
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Table C4. 

Detailed Computed Re.sulus for Velocity and Siape using C = 150 and Field Point Measurements 
of Maximum Tidal Velocit ies . 

C = 150 

C i o s s 
Sect. No. 
(See Fig. 

24) 

Using T o m Ugly's Field Data Using Lugarno F e r r y Field Data 
Max. Tidal 
Vel. (fps) 
derived 

C i o s s 
Sect. No. 
(See Fig. 

24) 
"1 

fps 
^2 

fps 
^'max 
fps ft 

^2 
ft 

Z 
max 
ft 

fps 
1^2 

fps 

U 
max 
fps ft 

"'2 
ft 

Z 
max 
ft 

f rom point 
velocit ies 
taken on 
28. 3. 67 

1 -0. 35 + 1. 20 1. 25 -0 . 16 -1 . 52 1. 53 -1 . 41 2. 71 3. 05 -0 . 23 -1 . 56 1. 58 

4 0. 93 1. 54 -1 . 43 2. 34 2, 74 -0. 10 - 1 . 56 1. 56 

6 40 *+ 0. 67 *0. 78 13 
« 

-1. 55 
* 
1. 55 -1 , 43 2. 16 2. 59 -0 . 03 - 1 . 58 1. 58 0. 83 

9 -0 . 41 0. 55 0. 68 -0 . 11 -1 . 57 1. 57 -1 . 43 2. 03 2. 49 0. 07 - 1 . 6 0 1 .60 

11 -0 . 43 0. 30 0. 52 -0 . 10 -1 . 57 1. 58 -1 . 41 1. 78 2. 27 0. 14 -1 . 59 1 .60 

13 -0 . 43 0. 24 0. 49 -0. 09 -1 . 58 1. 58 -1 . 40 1. 72 2. 22 0. 20 -1 . 58 1. 60 

14 -0 . 44 0. 17 0. 47 -0 . 09 -1 . 58 1, 58 -1. 39 1. 65 2. 16 0. 22 -1 . 58 1 .60 1. 17 

15 -0 , 46 -0 . 19 0. 50 -0 . 09 -1 . 58 1. 58 -1 . 33 1. 29 1. 85 0. 25 -1 . 58 1 .60 1. 49 

16 -0 . 48 -0 . 55 0. 73 -0 . 08 -1 . 56 1, 57 -1 . 26 0. 94 1. 57 0. 32 -1 , 55 1. 58 

17 -0 , 48 -0 . 64 0. 80 -0 . 07 -1 . 55 1. 56 ^-1. 24 85 50 ^0. 35 + 1. 54 +1. 57 1. 46 

19 -0 , 49 -0 . 82 0, 95 -0 . 07 -1 . 53 1. 53 -1 . 20 0, 67 1. 37 0. 40 -1 . 52 1. 57 

20 -0 . 51 -1 . 24 1. 34 -0 . 08 -1 . 51 1. 51 -1 , 08 0. 24 1. 11 0. 44 -1 , 51 1. 57 2. 07 

22 -0 . 53 - l . , 65 1. 74 -0 . 11 -1 . 42 1. 42 -0 . 96 -0. 16 0. 97 0, 50 -1 , 48 1. 57 

24 -0 . 57 -2 , 25 2. 32 -0 . 14 -1. 37 1. 37 - 0 . 94 -0. 22 0. 97 0. 52 -1 . 46 1. 55 

26 -0 . 60 -2 . 49 2. 56 -0. 33 -1 . 21 1. 26 -0 . 85 -0 , 0. 97 0. 56 -1 . 41 1. 52 1. 45 

27 -0 . 71 -2 . 91 3. 00 -0 . 47 -1 . 12 1. 22 -0 . 65 -0 . 97 1. 17 Q. 56 -1 . 38 1. 49 

29 -C. 79 -3 . 09 3. 19 -0 . 80 -0. 88 1. 19 -0 . 56 -1 . 20 1. 32 0. -1 . 20 1. 41 1. 12 

31 -1 . 04 -3 . 36 3. 52 -1 . 43 -0. 45 1.51 -0 . 39 - 1 . 6 0 1. Ò4 0. 43 -1 . 15 1. 25 

33 -1. 48 - 3 . 51 3. 81 -2. 31 + 0. 02 2.31 1 - 0 . 2 4 
li 

- 1 . S 6 Li!!^ (5. 29 -1 . 01 1. 05 

*Bas ic fielr* data co l lected 

^ Basic f ield data co l lected 

at 1 om Ugly's 

at Lu'i^rno Fe 

Bridf.re 

r r y 
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Tab le C5. 

M a x i m u m Tida l Veloc i t i es and M a x i m u m Tida l D i s p l a c e m e n t B e f o r e 
and A f t e r Rec l ama t ion . 

c = \50 
C r o s s B e f o r e R e c l a m a t i o n Af t e r Rec l ama t ion o, Sect ion 
No. 

/ R e -o duct ion 
Sect ion 

No. ^ m a x ^ m a x ^ m a x T; max 
/ R e -o duct ion fps f t fps f t . in Ve l -

oci ty 
1 3. 05 1. 58 2. 82 1. 57 7. 5 
4 2. 74 1. 56 2. 55 1. 57 6.. 9 
6 2. 59 1. 58 2, 37 1. 58 8. 5 
9 2. 49 1. 60 2. 26 1. 60 9. 2 
11 2. 27 1. 60 2. 06 1. 60 9. 2 
13 2. 22 1. 60 Z, 01 1. 60 9. 5 
14 2. 16 1. 60 1. 95 1. 60 9. 7 
15 1. 85 1. 60 1. 72 1. 60 7. 0 
16 1. 57 1. 58 1. 49 1. 59 5. 1 
17 1. 50 1. 57 1. 43 1. 58 4. 6 
19 1. 37 1. 57 1. 32 1. 58 3. 6 
20 1. 11 1. 57 1. 11 1. 57 0 
22 0. 97 1. 57 0. 97 1. 57 0 
24 0. 97 1. 55 0. 97 1. 55 0 
26 0. 97 1. 52 0. 97 1. 52 0 
27 1. 17 1. 49 1. 17 1. 49 0 
29 1. 32 1. 41 1. 32 1. 41 0 
31 1. 64 1. 25 1. 64 1. 25 0 
33 1. 98 1. 05 1. 98 1. 05 0 
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Figure 2: Georges River Basin. 
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Figure 3: Georges River - Mean Annual 
Rainfall. 
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Figure 4: Georges River - 8 Hour Rainfall, 
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Figure 5: Georges River - 24 Hour Rainfall. 
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SAMPLE 
No. 

DESCRIPTION COLOUR 
WHEN WET 

DEPTH SAMPLE 
Na 

DESCRIPTION COLOUR 
WHEN WET 

DEPTH SAMPLE 
No. 

DESCRIPTION COLOUR 
WHEN WET 

DEPTH 

1 Medium sond with small pieces of dccaycd t imber LiQht brown 14' 11 Silty clay. Medium p las t i c i t y Black 3 0 ' 2 6 Highly plastic clay tumps with a tot of silty cicy Dark grey 17' 

2 Medium sand Light brown 11' 12 Si l ty c lay with some f ine g r i t t y par t i c les . 
Medium p los t ic i t y 

Dark grey 30* 2 7 
—¿S— 

Higiiiy p last ic cloy lumps w i ih a lot of silty c l e / Dark grey 33' 

3 Fine sand with fa i r p ropo r t i on of silty clay fines. 
Low plast ic i ty 

Brown 11' 
12 Si l ty c lay with some f ine g r i t t y par t i c les . 

Medium p los t ic i t y 

Dark grey 30* 2 7 
—¿S— Si l ly c l a y - h i g h l y plastic Dark grey 31' 3 Fine sand with fa i r p ropo r t i on of silty clay fines. 

Low plast ic i ty 

Brown 11' 

13 Coarse sand Brown 18' 29 Clayey si l l with some tine sand - sl ightly plastic Dork brown 25' 

" Fine sand with fair p r o p o r t i o n of silty clay fines. 

Low p las t ic i t y 

Dark grey 15' 14 Fine to medium sond with some silty c lay f ines. 
Negligible p l a s t i c i t y 

Dork brown 14' 3 0 Shell deposi t 23 ' 
" Fine sand with fair p r o p o r t i o n of silty clay fines. 

Low p las t ic i t y 

Dark grey 15' 14 Fine to medium sond with some silty c lay f ines. 
Negligible p l a s t i c i t y 

Dork brown 14' 
31 Weed ( ke lp ) 

5 Si l ty c lay wi th some fine g r i t t y par t i c les 
Medium plast ici ty 

Black 15' 15 Silty clay with large p ropor t i on of t ine sundy 
part ic les. Low p las t ic i t y 

Dark brown 2 5 ' 32 Weed ( ke lp ) 5 Si l ty c lay wi th some fine g r i t t y par t i c les 
Medium plast ici ty 

Black 15' 15 Silty clay with large p ropor t i on of t ine sundy 
part ic les. Low p las t ic i t y 

Dark brown 2 5 ' 
33 Shel lgr i t ond medium to coarse sand Dork brown 14' 

6 Fine sand w i t h a large p ropo r t i on of sitty cloy fines. 

Low p l a s t i c i t y 

Dork brown 15' 16 Sitty cloy. Medium p l o s t i c i t y Grey 39 ' 34 Shel lgr i t and medium to coarse sand Dork brown 16' 6 Fine sand w i t h a large p ropo r t i on of sitty cloy fines. 

Low p l a s t i c i t y 

Dork brown 15' 

17 Medium sond with small pieces of decayed t imber Lightish brown 18' 35 Fine to medium sand Grey 8' 

7 Silty cloy with some fine gritty particles. 

Medium plast ic i ty 

Dark brown 15' 18 Medium sand Dark brown 2 0 ' 36 Si l ly cloy. Low p las t ic i ty Block 7 Silty cloy with some fine gritty particles. 

Medium plast ic i ty 

Dark brown 15' 

19 Medium sand Lightish brown 26' 37 Silty c loy -o l i t t le finely broken shell. Medium p las t ic i ty Block 

8 Fine to medium sand with small p ropo r t i on of si l t Dark brown 2 0 ' 2 0 Medium sond w i th b roken shell Dark brown 11' 38 ^ i l ty cloy. Medium p los t ic i t y Black 

j or clay fines. No p las t ic i ty 

Dark brown 2 0 ' 
21 Medium sand Dork brown 16' 39 Sil ty cloy. Low p las t i c i t y ¡Dark grey 12' 

9 Fine t o medium sand with smoit p r o p o r t i o n o1 s i l t 

1 or clay fines. No plast ici ty 

Dork brown 12' 22 Medium to f ine sond Dark brown 26' 4 0 Sil ty ctay. Low p las t i c i t y Dork grey a' 9 Fine t o medium sand with smoit p r o p o r t i o n o1 s i l t 

1 or clay fines. No plast ici ty 

Dork brown 12' 

L Medium to fine si l ty sand w i th broken shell Dork grey 11' 41 S i l l y clay. Medium p l a s t i c i t y Dork g rey 3' 

10 jp ine to mcaiurn sand w i th fair p ropor t ion of si l ty 
j clay fines Low p las t ic i t y 

Brown 16' 1 Silt with some fine gr i t t y particles and broken shell Dork brown 3 0 ' 4 2 Fin« to medium sand Grey S' 10 jp ine to mcaiurn sand w i th fair p ropor t ion of si l ty 
j clay fines Low p las t ic i t y 

Brown 16' ! Si l t w i th some f ine g r i t t y par t ic les Dark grey 17' 

C E - C - 7 0 Ì 3 

Figure 13: Georges River Bed Samples. 
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• 'siUl' 

1. Execp« «OP Sample 8, oU tiisptndcd «diment s omp i « token ot about 12" above bed 
3. Several samples ot the location 6 were token to verHy the existence of such o large 

suspended load. The sample analysed was collected 24 ' above the bed. An 
examlnotlon o( hydrogrophlc survey data revealed that the locotlor. is In an 
Isolated deep hole. 

SAMPLE 
Na 

S U S P E N D E D S E D I M E N T 
Graira/Lltrc 

WATER 
D E P T H 

R E M A R K S 

1 0 - 0 6 7 19 

Taken a U e r 
2 O - I I B 31 

Taken a U e r O 0 9 9 17 Taken a U e r 

O 0 6 S I I 
spell of (air 
weather 

0 0 4 2 IO 

spell of (air 
weather 

O O S O 18 

spell of (air 
weather 

0 - 2 0 3 8 Taken on 8.3.67 
durinf recesskm 
of flood. Flood 
peak oocurred 

* 0 II 0 7 7 19 
Taken on 8.3.67 
durinf recesskm 
of flood. Flood 
peak oocurred 0 ' 2 S 2 3 0 

Taken on 8.3.67 
durinf recesskm 
of flood. Flood 
peak oocurred 

10 0 I 3 0 14 II 00 73 .67 
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Figure 14: Georges River : Suspended Sediments. 
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Georges River - Tidal Stage Variations with Time, 
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RIVER CROSS SECTIONAL AREA AT ENTRANCE TO TIDAL PRISM - square feet 

Figure 17: Georges River - Tidal Prism versus 
Cross Section Area. 

CE-D-7016 
(Based on 1959 Survey by rt»e Department of Public Works, N.SW) 
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Georges River - Salinity Observations. 
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cycle required for river water to move 
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U') The percentaqo of the period of one tide 
cycle required for pollution from an 
outfall discharqinq directly into any seqment 
to pass throuqh that seqment. 

0" ') The percentaqe of the volume of river water 
which enters the estuary per tide cycle 
which is present in each seqment of the river. 

- 0 « i 0 cusecs r,. 
„ Kiver Flows at 

- 0 = 5 0 cusecs ^^^ 

• Q " 1 00 cusecs J 

O 

2 3 4 5 6 
Distance d/s of L iverpool Weir in ft. x I C * 

-T— 
10 4 5 6 7 8 S 

D i s tance d/s of Liverpool Weir in miles 

13 14 

Figure 20: Georges River - Flushing Times and River Water 
Volumes for Individual Estuary Segments. 
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Figure 21: Georges River - Percentage of River Water in Individual 
Estuary Segments. 
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0) The total flushing time in tide cycles for any rcach between 
Liverpool Weir and a selected cross section downstream. 
That is the average time for river water passing Liverpool 
Weir to move through the reach. 

(ii)The amount of river water contained between any point 
and Liverpool Weir expressed as a multiple of the volume 
of river water passing Liverpool Weir during one tide 
cycle assuming constant river flow conditions 

2 3 4 5 6 

Distance d/s of Liverpool Weir in ft. x 

5 6 7 8 9 lO II 

Distance d/s of Liverpool Weir in miles 

12 13 
—i 
14 

Figure 22: Georges River - Total Flushing Times and River Water Volumes 
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NOTE: 
The ttscapinq volume for each seqment 
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Figure 23: Georges River - Escaping Volumes 



Cross Scctfon Number 

»00 3200 4800ft. Cro«» Sections used in Computer Proflromme lor 
Tldol Oynofflics 

Additional Sections used In plot o4 Tidol Prism 
versus Crou Section Area as shown in Fig. 17. 

iDinjljl Proposed Reclomailon Areas 
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Figure 24: Georges River - Locations of Cross Sections and 
Proposed Reclamation Areas. 
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Figure 26: Drainage Through Reclaimed Areas 
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Figure 30: Georges River Unitgraphs 
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