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(i) 

Preface. 

The material for this report was compiled during research 
and investigation by the author of coastal lagoon and inlets in 
New South Wales. 

This report in this instance contains specific reference 
to the question of residential development of Badgee Lagoon 
compiled by the author from comprehensive field and laboratory 
studies of the Sussex Inlet, St. Georges Basin area carried out 
for Unisearch Ltd. on behalf of Paradise Lagoon Pty. Ltd. 

The main report is in course of preparation at the date 
of issue of this report. 

R. T. Hattersley, 
Senior Lecturer in Civil Engineering, 
Off icer- in-Charge. 
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1. 

1. Introduction 

The Director of Paradise Lagoon Project in a letter dated 
1st April, 1966, referred to a question of developing the island 
fronting Badgee Lagoon known as area "C" on Provisional Layout 
Drawing No. B. 1-677A. The drawing is by Cardno and Davies, 
Consulting Engineers to the Company of Brisbane and Sydney. 

The drawing represents a plan of a region bounded generally 
by Sussex Inlet Road and Chris Creek on the South, Sussex Inlet 
Village on the North and East and Badgee Lagoon on the North 
West. 

Area "C" being part of the whole development bounded by 
an existing subdivision fronting Jacobs Drive on the South and 
Badgee Lagoon on the North West. The existing subdivision 
adjoins an artificial dredged canal which terminates parallel to 
Jacobs Drive in a dead end, approximately 2, 800' west of Wunda 
Avenue. 

Area C is additional to the land proposed for canal type 
residential development on which the author was requested to r e -
port on behalf of Unisearch Ltd. in arrangements with Paradise 
Lagoon Pty. Ltd. earlier. 

The technical investigation on the whole scheme is still pro-
ceeding and covers many aspects of the developmental works on 
the Sussex Inlet area including such matters as circulation of 
tidal flows, flooding, pollution and ecological aspects. It is in-
tended that these aspects will be dealt with in due course in a 
comprehensive report by the author for Unisearch Ltd. 

In a letter dated 11th January 1966, Messrs. Cardno and 
Davies referred the following decision of the Shoalhaven Shire 
Council affecting Area "C" , to the writer for consideration of the 
aspects of tidal circulation: -

"Pr ior to any report being made to Council, it is requested 
that you furnish proof that the proposed canals north of Jacobs 
Drive will circulate water under tidal influence alone. It is 
appreciated thai the water will rise and fall under the influence of 
tidal action from both inlets to Badgee Creek but it is not clear if 
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any c i r c u l a t i o n wi l l be se t up due to the p r e s e n c e of the 
"equal i se r c u l v e r t ' ' . 

To m e e t the r e q u e s t of P a r a d i s e Lagoon Pty . Ltd. it is 
proposed to r e p o r t s e p a r a t e l y on the l imi t ed a s p e c t s of c i r c u l a t i o n 
in the Badgee Lagoon a r e a and r e f e r only to the m a i n deve lopmen t 
scheme w h e r e such commeni: is r e l e v a n t to the deve lopment of 
Area "C" . 

2. Ex i s t i ng A r t i f i c i a l Cana l 

It is p r o p o s e d tha t the c a n a l be ex tended and addi t ional 
dredging be c o m p l e t e d in Badgee Lagoon us ing the m a t e r i a l ob-
tained f r o m the deeTpening of the Lagoon to r a i s e the level of the 
area lying be tween the Nor th s ide of the cana l and the Lagoon 
and so r e n d e r the r e c l a i m e d land su i t ab le f o r r e s i d e n t i a l 
occupation, 

3. Condi t ions in the E x i s t i n g Cana l 

It has b e e n in e x i s t e n c e in i t s p r e s e n t f o r m fo r a p p r o x i m a t e l y 
11 y e a r s a l though î : is only in r e c e n t y e a r s t h e r e h s s been ex -
tensive occupa^.ion of the a l l o t m e n t s fac ing J a c o b s Dr ive . 

The au tho r o b s e r v e d s u p e r f i c i a l l y condi t ions in the cana l 
since D e c e m b e r 1960 again in F e b r u a r y 1964 and m o r e r e c e n t l y 
in N o v e m b e r 1965 and August 1966. 

P r i o r to g e n e r a l ccupa t ion of the s o u t h e r n s ide of the cana l 
growth of r u s h e s w e r e o b s e r v e d , but l i t t l e bo t tom s e d i m e n t had 
accumula ted , m a r i n e growth was g e n e r a l l y absen t . Th i s con-
dition e x i s t e d in F e b r u a r y » 1964. 

In Augus t , 1966, an i n spec t ion of the cana l showed c e r t a i n 
s ignif icant c h a n g e s . M e a s u r e m e n t s w e r e made of sa l in i ty 
samples of m a r i n e g rowth and a lgae w e r e co l l ec ted . Growth 
of r u s h e s p r e v i o u s l y in ev idence was g e n e r a l l y absent except at 
the head of the cana l . 

In the e a r l y y e a r s , the o r ig ina l subd iv i s ion r e m a i n e d 
largely unoccup ied but in m o r e r e c e n t y e a r s m o r e h o u s e s have 
been e r e c t e d and the s o u t h e r n s h o r e of the cana l is now 
occupied m a i n l y by hol iday co t t ages . 



3. 
D e p o s i t i o n of f i ne s e d i m e n t of o r g a n i c o r i g i n i s ev iden t on 

the bo t tom and s i d e s of the c a n a l . At the e n t r a n c e n e a r the 
Bridge o v e r B a d g e e Lagoon weed g r o w t h of the v a r i e t y of 
Zostera which is c o m m o n in o t h e r p a r t s of S u s s e x Inle t was 
observed. H a l f w a y t o w a r d s the head of the C a n a l t h i s plant was 
observed in p a t c h e s . 

S a m p l e s of plant g rowth t a k e n f r o m the head of the c a n a l i n -
cluded a v a r i e t y of Ha loph i l a but no Z o s t e r a . Ha lophi la h a s b e e n 
noted to f a v o u r d e e p and m u d d y c o n d i t i o n s . C o n s i d e r a b l e g r o w t h 
of va r ious t y p e s of a lgae w e r e noted . The g rowth of f l oa t ing 
algae a p p e a r e d , at t he head of the c a n a l , to be r e a c h i n g a noxious 
extent. U n d e r s t a g n a n t c o n d i t i o n s , the r e l a t i v e l y s m a l l t u r b i d i t y 
of the w a t e r a d m i t s l ight f r e e l y , so c o n t r i b u t e s t o w a r d s a c c e l e r a t e d 
photo s y n t h e s i s of a l gae . Algae g rowth , if u n c h e c k e d , could in -
tensify the s t a g n a n t cond i t ions and could e n c o u r a g e d i s s o l v e d ox-
ygen dep le t ion in the w a t e r . If noth ing is done to i m p r o v e 
circulat ion at t h e head of the c a n a l o b j e c t i o n a b l e cond i t ions a r i s i n g 
in fu tu re s u m m e r p e r i o d s a p p e a r i m m i n e n t . 

4. Sa l in i ty 
No h e a v y r a i n f a l l was e x p e r i e n c e d i m m e d i a t e l y p r i o r to the 

visit in Augus t , 1966, and s a l i n i t y m e a s u r e m e n t s t a k e n by m e a n s of 
hydromete r showed a d i f f e r e n c e of 1 to 2 p a r t s pe r 1000 b e t w e e n 
the bo t tom and the s u r f a c e w a t e r i nd ica t ing a s l igh t amoun t of 
s t r a t i f i ca t ion . T h e r e a d i n g s i nd i ca t ed tha t mix ing p r o c e s s e s b e -
tween top and b o t t o m l a y e r s is only s l igh t and tha t w i n d - w a v e 
action is neg l i g ib l e . S i m i l a r r e a d i n g s t a k e n in the S u s s e x Inle t 
channels and in St. G e o r g e s B a s i n beyond the " d r o p o v e r " f r o m 
the inlet showed the s a l i n i t y to be the s a m e at the s u r f a c e and the 
bottom. 

Sa l in i ty of the s u r f a c e w a t e r at the head of the c a n a l was 
read s u b s e q u e n t l y t o a p p r o x i m a t e l y 60 poin ts of ove rn igh t r a i n 
and at the next high t i de . 

The s a l i n i t y d i f f e r e n c e be tween s u r f a c e and bo t tom then 
reached 3 p a r t s p e r 1000. S i m i l a r m e a s u r e m e n t s at the s a m e 
time in the in le t c h a n n e l s showed aga in no o b s e r v a b l e d i f f e r e n c e 
as a l so did r e a d i n g s t a k e n in B a d g e e Lagoon i t s e l f . 

T h e e v i d e n c e of the s e d i m e n t , a lgae g rowth and s a l i n i t y 
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measurements show that tidal influence on the mixing of water at 
the head of the existing canal works is weak and there are in-
dications that the build-up of organic bottom sediments and algae 
growth is likely to continue» 

5. Description of Proposal to Develop Badgee Lagoon 

The proposal by Paradise Lagoon Pty. Ltd. to develop the 
area fronting Badgee Lagoon entails connection of the head of the 
existing canal with the southern most portion of Badgee Lagoon 
by means of a curved canal with a narrow length to provide for a 
bridge crossing from the eastern bank of the existing canal to the 
island formed in Badgee Lagoon by the Canal system. The pro-
vision on the connecting canal and the narrowed section do not in 
themselves provide a means of inducing a satisfactory circulation 
in the canal system, essential adequate mixing of the water layers 
and cleansing of the canal system. 

The surface area of Badgee Lagoon is relatively large by 
comparison with the canal surface area. Records of tidal water 
surface changes taken by the Water Research Laboratory show 
that for a tidal range for a 5 foot tide range at sea near the en-
trance of Sussex Inlet is about eight inches in Badgee Lagoon for 
spring tides. 

The tidal prism, that is the volume of water flowing in and 
out of Badgee Lagoon for each high tide has been calculated from 
the gaugings and information on existing maps to be about 732, 000 
cubic feet. 

By placing a controlling levee at the entrance of Badgee 
Lagoon, part of the tidal storage of Badgee Lagoon may be filled 
via the existing canal and its extension. 

It is proposed that the levee constructed of sand dredged 
from the lagoon be extended to a height approximately 2 feet 
above mean high water on ordinary spring tides. The entrance 
will require stabilisation with concrete sheeting, rubble or s im-
ilar construction. It is proposed that the entrance be approx-
imately 15 feet wide at the surface, a width which is sufficient 
to allow boats of the kind normally used in Sussex Inlet to pass 
through. 
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6. Model f o r T e s t of C i r c u l a t i n g F l o w 

To e x a m i n e q u a l i t a t i v e l y the d i s t r i b u t i o n of f low in t he 
proposed c a n a l , a t i d a l m o d e l w a s c o n s t r u c t e d in s i m p l i f i e d f o r m 
having a h o r i z o n t a l s c a l e of 1 to 2, 400 and a v e r t i c a l s c a l e of 
approximately 1 t o 50 b a s e d on a t i d e r i s e of j foo t . 

B e c a u s e of l a c k of d e t a i l e d d a t a on the c h a n n e l c r o s s 
sections, the m o d e l w a s i n i t i a l l y c o n s t r u c t e d with r e c t a n g u l a r c r o s s 
sections but t h i s d i s c r e p a n c y wi l l not a f f e c t the r e s u l t s s i g n i f i c a n t l y . 
The c o m b i n a t i o n of h o r i z o n t a l s c a l e 1 to 2, 400 and v e r t i c a l s c a l e 1 
to 50 y ie lds a t i d a l p e r i o d f o r t he m o d e l e q u i v a l e n t to the n a t u r a l 
semi d i u r n a l t i d e of s l i g h t l y m o r e t h a n 1 m i n u t e . S ince t he t i m e of 
rise and of s p r i n g t i d e s in S u s s e x In le t is s l i g h t l y l e s s t h a n 6 h o u r s , 
as obse rved , a p e r i o d of 1 m i n u t e w a s adop ted f o r the m o d e l and a 
mechanism d e s i g n e d and bu i l t a c c o r d i n g l y . 

The m o d e l i s i l l u s t r a t e d in F i g u r e 1. T h e m o v e m e n t of t h e 
water in t he m o d e l w a s o b s e r v e d by s p r i n k l i n g i s o l a t e d p a r t i c l e s of 
potassium p e r m a n g a n a t e on the b o t t o m of the m o d e l wh ich d i s s o l v e d 
slowly in t he f l o w i n g w a t e r p r o d u c i n g dye t r a i l s and by s p r i n k l i n g 
aluminium p o w d e r on t h e s u r f a c e . T h e m o v e m e n t of the p o w d e r 
indicated t h e s u r f a c e f l o w s . 

7. O b s e r v a t i o n s of the M o d e l 
E x i s t i n g C o n d i t i o n s 

The m o d e l w a s o p e r a t e d in t he f i r s t s t a g e s of the t e s t p r o -
gramme wi th no c o n t r o l l e v e e a c r o s s the e n t r a n c e of B a d g e e L a g o o n 
but the e x i s t i n g c a n a l w a s e x t e n d e d and c o n n e c t e d to t he s o u t h 
western e x t r e m i t y of t h e B a d g e e L a g o o n . 

The t i d a l i n f low via the B a d g e e B r i d g e open ing w a s o b s e r v e d 
as it o c c u r s at p r e s e n t bo th a long the B a d g e e C a n a l and in to t he 
Lagoon. T h e v e l o c i t y of inf low to the c a n a l w a s at a m a x i m u m at 
the e n t r a n c e . It w a s z e r o at the h e a d of t he e x i s t i n g c a n a l . T h e i n -
flow to the l a g o o n o c c u r r e d in a s p r e a d i n g f a s h i o n and l i t t l e c u r r e n t 
movement o c c u r r e d at the h e a d of the l agoon . T h e c o n n e c t i n g 
canal s e c t i o n b e t w e e n the c a n a l and B a d g e e L a g o o n w a s t h e n m a d e 
in the m o d e l but t h i s in i t s e l f did no th ing to i m p r o v e the w a t e r 
movement a t t h e ' h e a d of the l agoon o r t h e c a n a l . 
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Another test was conducted with a salt solution of strength 
approximattdg that of sea water coloured with dye. The solution 
was fed from the tide generator starting from a low water con-
dition in the model of the lagoon. The salt solution was seen to 
penetrate beneath the fresh water in the canal section lifting it 
without disturbing it until the high water condition was reached. 
Several tidal cycles were required to achieve transference and 
mixing of the salt water with the fresh by diffusion processes. In 
the small scale model the diffusion and entrainment processes 
were not truly represented to scale. 

In the full scale channel the effects of stratification would 
persist over a greater number of tidal cycles. 

Therefore it would be expected that less saline water 
collecting from ground water or storm run-off would tend to stag-
nate at the end of the existing canal. This is partly confirmed by 
salinity readings referred to in Part 4 of this report. 

In the open lagoon surface because of the shallow water and 
the broad expanse of surface, stratification would be less 
persistent. Wind and wave action at the surface would be more 
intense than in the sheltered canal region. This would contribute 
to the mixing and maintenance of the dissolved oxygen balance in 
the water in the lagoon. 

8. Modification of Canal System 

As described under Section 5 a levee construction is 
proposed to control the direct influx of water from Sussex Inlet 
to the Badgee Lagoon. 

The existence of the storage volume for tidal water in 
Badgee Lagoon may be utilised to obtain a flushing action on the 
existing canal system. This would be achieved if a levee was 
formed to block the existing entrance of the lagoon and the head 
of the existing canal opened into the south western end of the 
lagoon. 

Complete blockage of the lagoon entrance is undesirable 
for the following reasons: -

1. Access of boats directly from Sussex Inlet to occupations 
facing the dredged Badgee Lagoon is desirable. 
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2. A c o n t r o l l e d open ing t h r o u g h the l e v e e a s s i s t s in m i x i n g the 
f lows p a s s i n g f r o m B a d g e e Lagoon via the c a n a l and v ia the 
gap in the l e v e e as the ebb flow o c c u r s t o w a r d s the B a d g e e 
B r i d g e . 

3. The opening in the l e v e e m a y be v a r i e d e a s i l y if e x p e r i e n c e 
in f u t u r e y e a r s s h o w s th i s is d e s i r a b l e to o p t i m i s e c i r c u l a t o r y 
p a t t e r n s . 

The m o d e l w a s m o d i f i e d by i n s e r t i n g a b a r r i e r with an ad -
jus table opening on the south e a s t e r n s ide of the lagoon. The 
opening w a s a d j u s t a b l e in s i z e to obta in the b e s t p a t t e r n of 
c i rcu la t ion and f low in the lagoon to induce a flow via the c a n a l 
and to m i x the f lows a r r i v i n g in the lagoon e a c h t ide . 

The b e s t p a t t e r n is shown in F i g . 2. It c o n s i s t s of two g e n -
•eral c i r c u l a t i o n s se t up on the r i s i n g t ide wi th a c o m m o n l ine b e t w e e n 
them. Ebb flow c h a n g e s the p a t t e r n and mix ing of the w a t e r a r r i v i n g 
in the lagoon is a ch i eved . 

The vo lume of the t ida l p r i s m of the w a t e r a r r i v i n g v ia the 
canal is about 412, 000 cubic f ee t . The t ida l p r i s m of the e x i s t i n g 
canal is about 320, 000 cubic f e e t . The two add to 732, 000 cubic 
feet. 

All the d i m e n s i o n s of the e x i s t i n g B a d g e e C a n a l a r e not known 
but the to t a l vo lume of w a t e r in the c a n a l is e s t i m a t e d to be a p p r o x -
imately 3. 5 m i l l i o n cubic f e e t . Thus a s ing le t i da l f lu sh p r o d u c e s 
an i n t e r c h a n g e of w a t e r t h roughou t the length of the c a n a l of a p p r o x -
imately 1 /5 of i t s t o t a l v o l u m e which is a c o n s i d e r a b l e i m p r o v e m e n t 
on the cond i t ions which e x i s t at the p r e s e n t t i m e when the head 
wate rs of the e x i s t i n g c a n a l a r e not s u b j e c t to any f lush ing ac t ion . 

9. F u r t h e r I n v e s t i g a t i o n s 

I n v e s t i g a t i o n s a r e s t i l l p r o c e e d i n g on the g e n e r a l q u e s t i o n of 
flood d i s c h a r g e and t i da l f lows in the C h r i s C r e e k a r e a , but it i s 
clear at t h i s s t a g e tha t to obta in adequa te c o n t r o l and f l u sh ing of 
the C h r i s C r e e k d e v e l o p m e n t a t i da l d i s c h a r g e is r e q u i r e d via 
Badgee Lagoon . T h e t i da l d i s c h a r g e can be r e a d i l y ob ta ined by 
uti l ising p a r t jDf the t i d a l p r i s m of St. G e o r g e s B a s i n which has 
about f i f t e e n s q u a r e m i l e s of s u r f a c e a r e a . 
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The scheme now proposed for Badgee Lagoon is suitable for 
further development by providing an opening under Jacobs Drive. 
The work constructed under the present proposal would not be 
fundamentally altered to provide for these more extensive proposals. 
The existing Badgee canal and the lagoon channels will then carry 
in parallel with the main Sussex Inlet channel a proportion of the 
tidal prism of St. Georges Basin,which, after passing the Badgee 
section will flush the Chris Creek Section to rejoin the main ebb 
flow in the Sussex Inlet channel at its junction with Chris Creek. 

10. Estimated Channel Velocities in the Proposed Badgee Scheme 

The channel velocities necessary to effect the transfer of the 
proportion of the tidal pr ism of Badgee canal calculated on the ex-
isting channel c ross section are too small to transport silt being 
about l / l O f. p. s. maximum. The canal will therefore remain as 
a silt collecting basin. This in itself is considered an acceptable 
condition if the canal bottom is regular and smooth since the 
deposition rate of organic silt is small. Development of the Chris 
Creek Badgee connection at a later date will provide for , as d is -
cussed in the foregoing section, higher velocities sufficient to 
move flocculated organic silts but not high enough to cause erosion. 
Flood flows will also provide additional flushing of the system. 

11. Modification of Existing Canal as part of Improvement and 
Development of Badgee Lagoon Section 

Examination of the c ross section and depth of the existing 
Badgee Canal disc loses a depth at mid canal sections of about 7 
feet increasing to pot-hole conditions at the head of the canal where 
the depth reaches 11 feet. Such an irregular bottom profile is 
considered undesirable and tends to trap the organic silts which are 
subject to anaerobic decomposition processes if flushing is incomplete, 

Without significant decrease of the tidal prism circulating 
through the canal the c ross section of the existing Badgee canal 
could with advantage be reduced in width at the water line to 
approximately 100 feet with a centre line depth of about 6 feet. 
A suitable c r o s s section is shown in Figure 3 attached. 

Because of t̂ ie low velocities in the proposed scheme, the 
cross section will / ltable for all tidal flows. This c ross section 
should be maintained at a uniform width of 100 feet for the whole 



9. 

of the length of the canal except that it may be contracted as shown 
in C and D, Drawing No. B1-677A, where it is required to allow 
construction of a bridge. The position of the bridge is not, how-
ever, crit ical , and can be constructed where conditions might in-
dicate a preferential site. 

Restoration of the width of Badgee Canal to 100 feet will r e -
quire filling of certain sections of the western banks as shown on 
Plan'No, 1-677A. It is also desirable that the potholed length at 
the head of the existing canal - be filled with sand to produce a 
uniform, depth along the length of the canal. 

If no other work other than that proposed for Section C is 
carried out at Sussex Inlet, then conditions in regard to flood 
waters will remain much the same as at the present time. At the 
present tim^e excess flood flows pass over Jacobs Drive and spill 
through the Chris Creek region. There is in effect a natural 
floodway at the present time which is intercepted by the pavement 
of Jacobs Drive. As part of the proposal for the control of floods 
in Sussex Inlet, it is intended tliat the main report to Unisearch Ltd. 
(see Part 1 above) will consist of a recommendation to the effect 
that a connection be made between Badgee Lagoon and Chris Creek 
area which is under development. This recommendation will pro-
vide for an opening principally for tidal flushing purposes but flood 
control measures are quite likely to be taken into account in fixing 
the upper limit of waterway area and the design of the upper parts 
of any construction in the floodway. The work covered by the 
recommendation in this report to develop the Badgee Lagoon area 
(area C) will form essentially the component of any overall scheme 
and therefore is consistent with any further recommendation which 
would be made in connection with the development of the Badgee 
Lagoon - Chris Creek area as a whole. 

^ C o n c l u s i o n and Recommendation 

The circulation of tidal water in Badgee Lagoon 
9nd the canal adjacent to Jacobs Drive will be considerably im-
proved by adoption of the scheme outlined in Section 5 of this 
report and illustrated in Figure 2. 

It is recommended that this scheme be proceeded with in order 
to improve existing conditions in the canal adjacent to Jacob's Drive. 
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It is further recommended that the Badgee system proposed 
under this report be ultimately connected to the Chris Creek 
section which is at present under construction and on which it is 
proposed to report in due course. 



Figure 1: Tidal Model - Badgee Lagoon, 
Sussex Inlet, N. S. W. 
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Fig. 2: Badgee Lagoon - Proposed Modification to Canal System, 
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Recommended Cross Section 
Badgee Canal. 
Figure 3, 




