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S U M M A R Y

E x te n s iv e  r e c o rd in g  o f  c u r re n ts ,  c o lle c tio n  o f  w a te r  sa m p le s  a n d  r o u t in e  m e te o ro lo g ic a l a n d  tid e  re c o rd s  p ro v id e  a 
b a s e  fo r  th is  s tu d y  o f  th e  d y n a m ic s  o f  A u s tra l ia ’s  la rg e s t r iv e r , th e  M u r ra y , d u r in g  o n e  o f  i ts  r a re  f lo o d s  in 1974. 
T h e  r e s u lts  su g g e st th a t  th e  C o o ro n g , a  n a r ro w  la g o o n  e x te n d in g  f ro m  th e  r iv e r  m o u th  to  th e  S o u th e a s t, a t  r ig h t 
a n g le s  to  p re v a ilin g  w in d s , w a s  fo rm e d  as a  f lo o d  e sc a p e  m e c h a n is m . G e o lo g ic a l ev id en ce  d isp la y s  th e  ex is te n c e  o f  
s im ila r  g e o m e tr ie s  fo rm e d  in th e  p a s t in a n  a r e a  w h ich  a t  o n e  tim e  w a s  a  d eep  g u lf  o f  th e  S o u th e rn  O c e a n  e x te n d in g  
in to  A u s tra l ia . T h e  sa m e  m e c h a n is m  m a y  h a v e  b e e n  a t  w o rk  e lse w h e re  in th e  w o rld .

B A C K G R O U N D

A u stra lia ’s R iver M u rra y  (F igure  1) offers u n iq u e  o p p o rtu n itie s  for stud ies o f in te rac tio n s  betw een a tm o s­
phere, o cean  a n d  land-run-off, and  the roles these p rocesses p lay  in the b u ild in g  o f con tinen ts. A t 
the en d  o f its 3,000 k m  long  p a th  from  the A u stra lian  A lps to  the  E astern  G re a t  A ustra lian  Bight, 
the M u rra y  m oves sluggishly  th rough  p red o m in an tly  a r id  reg ions w here in the h is to rica l past d ro u g h ts  
have reduced  it to  str in g s o f w ater holes. O n  the o th e r  h an d , w hen  heavy rainfall over its u p p er ca tch m en t 
area  swells it to  its m ax im um  w idth  an d  th is w ate r m ass p ro p ag a tes  slow ly a long  its length , its d ischarge 
in to  the  S o u th ern  O cean  reaches the  o rd ers  o f m ag n itu d e  o f  the d ischarges o f the w o rld ’s la rge rivers.

N o t far from  its m o u th , the M u rra y  en ters sha llow  L ak e  A lexandrina  an d  progresses th ro u g h  it 
to five channels lead ing  in to  a  2 -3  km  w ide lag o o n , the C o o ro n g , w hich extends from  the river m ou th  
on  E n co u n te r Bay over 100 km  to the S ou theast. T h e  h igh  du n es o f  n a rro w  Y o u n g h u sb an d  P en insu la  
se p ara te  this lagoon  from  the  S o u th ern  O cean  w ith  its p red o m in an tly  sou thw esterly  w inds. D uring  
this reg io n ’s geological h isto ry , th is geom etry  has been repea ted  several tim es, as is evidenced by relic 
b a rr ie rs  an d  ch a in s o f fossil dunes an d  sw am ps ru n n in g  para lle l to  the  p resen t day shoreline.

In June  1974, the  M u rra y  experienced a m a jo r flood. B arrages w hich h ad  been co n stru c ted  before 
1940 across the  five channels leading from  L ak e  A lexandrina  for p u rposes  o f c o n tro l o f sa lt w ater 
in tru sion  (Jo h n sto n  (1913)) offered conven ien t p la tfo rm s for m easurem ents. Before reco rd ing  th e  cu rren ts  
in these channels, tem pera tu res , salinities, cu rren ts , etc. w ere s tu d ied  for one week in the C o o ro n g  
in o rd e r  to  investiga te its ro le  in the  d ischarge m echan ism  o f the  river an d  to  resolve qu es tio n s of 
the  o rig in  o f possib le env ironm en ta l deterio ra tion .

O B JE C T IV E S . M E T H O D S  O F  T H E IR  A C H IE V E M E N T

T h e m e asu rem en ts  described  below  p rov ide  p a rtia l answ ers to  the  follow ing q uestions and  instigate 
an  in tense study  o f the  co n d itio n s  in the  C oo ro n g , inc lud ing  its stra tifica tion , in te raction  w ith d iu rn a l 
heating , ag ita tio n  by  w inds, etc. by the d isc ip line o f O ce an o g rap h y  a t  the F linders U niversity  o f S ou th  
A ustra lia  (K rause , per. com m .).

1. H ow  a re  th e  w a te r  level changes in the  C o o ro n g  g enera ted?
2. Is the  C o o ro n g  an  in teg ral p a r t  o f  the M u rra y  e s tu a ry  o r  is its existence co n d itio n ed  by sw am ps 

sou th  o f it w hich w ere d ra in e d  du ring  th is cen tu ry , in  o th e r  w ords, is it d e terio ra ting  as a  consequence 
o f th is  d ra in a g e  schem e?

(£) 1976  b y  J o h n  W i l e y  &  S o n s .  Li d .
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F igure 1. M urray  R iver system  and its ca tch m en t area

3. H o w  does the M u rra y  d ischarge th ro u g h  th e  channels from  L ak e  A lexand rina?
4. W h a t a re  the in te rac tio n s betw een air, sea an d  river in th e  vicin ity  o f the river m o u th ?
E ig h t A lekseev reco rd ing  cu rren t m eters o f  the  type B PV -2r, a  sa lin ity -tem p era tu re  bridge, a  reversing 

th e rm o m ete r an d  chem ical analysis o f w ate r sam ples collected  p rov ided  the in p u t in to  this study. F or 
on e  w eek [25.5.-1.6.1974], th ree cu rre n t m eters  w ere dep loyed  a t T auw icherie  B arrage, Pelican  P o in t 
an d  H ells  G a te  (F igu re  2) w here the  C o o ro n g  is subd iv ided  by a  constric tion  in to  N o rth  an d  South 
L ag o o n s , tem p era tu re s  an d  salin ities w ere m easu red  several tim es a t  a num ber o f cross-sections of 
N o r th  L ag o o n , an d  coasta l sam ples co llected  a lo n g  th e  C o o ro n g ’s en tire  length for chem ical analysis.

D u rin g  the  second stage [15.6.-13.7.1974], a tte n tio n  w as focussed on  the flows th ro u g h  the channels 
from  L ak e  A lexandrina . All cu rren t m eters w ere su spended  from  th e  b arrag e  struc tu res, an d  w ind and
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Figure 2. M urray  Estuary

tide d a ta  w ere o b ta in ed  from  co n tin u o u sly  record ing  s ta tio n s a t  Pelican  P o in t and V ictor H arb o r, 
respectively  (F igure 2).

P R E V IO U S  W O R K

In the past, physical m easu rem en ts  in the C o o ro n g  and  the M u rra y  e s tu a ry  were confined  to  spo t 
rea d in g s  an d  record ing  o f  w ate r levels. G eo log ists  concerned  w ith  a  m o d ern  form ation  o f ca rb o n a te  
sed im ents (von der Borch (1965), B row n (1965)) a n d  tw o o f  th e  a u th o r’s s tu d en ts  (C larke (1965), N oye 
(1970)) in app lied  m a th em atics  co n d u c te d  in te rm itten t p rog ram m es betw een 1960 a n d  1970 in the 
C o o ro n g . H ow ever, at no  tim e w ere events in the  C o o ro n g  considered  to  be related to  those in the 
M u rray , an d  this aspect has rem a in ed  an open  ques tion  until th is investigation .
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M easu rem en ts  n ear the m o u th  o f the M u rra y  go  back  as far a s  1876. T h e y  are  adm irab ly  sum m arized  
in M a jo r Jo h n s to n ’s R ep o rt to  the  S ou th  A ustra lian  G o v e rn m e n t in 1913 w hich m ark s  the beg inn ing  
o f realistic p lans for the R iver M u rra y  barrages. T o  the a u th o r ’s know ledge, n o  cu rren t m easurem ents 
w ere taken  after M a jo r  Jo h n s to n ’s visit (R adok  an d  S tefanson  (1975)).

W A T E R  A N D  S A L T  B A L A N C E  O F  T H E  C O O R O N G  [25.5.-1.6.1974]

T en  m inu te  read ings o f cu rren t speed and  d irection  deco m p o sed  a lo n g  the  C o o ro n g  o r  across T auw i- 
cherie B arrage (F igures 2 an d  3) show  clearly  th a t the  d ilu tio n  p ro cess  in the  C o o ro n g  depends on  
the fluvial d ischarge from  the  M u rra y  and  the ocean  tides. S o u th ea s te rly  flows (in to  the C o o ro n g  an d  
aw ay from  the  M u rra y  M o u th ) a t Pelican  P o in t o ccu rred  o r  s tren g th en ed  in the w ake o f high tides. 
A s will b e  seen la ter, the flows across ind iv idual b a rrag e s  v aried  g rea tly  from  day  to  day, and  a t 
tim es the tides d id  n o t exert the ir influence a t P elican  P o in t. L arg er flows th rough  o th er channels 
m igh t have been the  reason  for such disrup tions.

A t H ells G a te , the reco rds cover a sh o rte r period . H ere, w ind m ak es an  im p o rta n t co n trib u tio n  
so th a t th e re  is no  sim ple re la tio n sh ip  betw een the  cu rren ts  th e re  a n d  a t P elican  P o in t and  the tides 
a t the river m ou th . H ow ever, o n  30.5.1974, a  reversa l o f  th e  so u th easterly  flow d irection  a t Pelican  
P o in t a t 0320 seem s to  have induced  a t H ells G a te  a  d ecrease  o f so u th e rly  flow an d  eventually  a 
reversal o f d irec tion  a t 1730. T hese  figures yield a  first e s tim a te  o f  the  ra te  a t w hich d is tu rb an ces 
p ro p a g a te  a lo n g  the C o o ro n g  w hich is up  to  2 m  deep. C erta in ly , cu rre n t reco rd s  offer m uch b e tte r  
m eans o f  detec ting  changes in flow co n d itio n s than  w ate r level reco rders, w hich have been used  
exclusively in the  past.

F o r  the  p e rio d  28.5.-30.5.1974, an  estim ated  3-106 m 3 o f w a te r  en te red  S ou th  L agoon  daily th ro u g h  
H ells G ate . D u rin g  these days, the salin ity  th e re  fell from  51-5 to  24-8°00. By 9.6.1974, it had  risen 
aga in  to  a b o u t 50%o.

T h e  te m p era tu re -sa lin ity  (T -S ) d iagram  (F igure  4) p resen ts  all sa lin ity  an d  te m p era tu re  d a ta  taken  
a t dep ths rang ing  from  0 5 to  2 0  m  in the N o rth  L ag o o n . It d isp lays the presence o f th ree w ate r 
m asses: M u rra y  R iver w ate r n ear the surface, C o o ro n g  deep  w ate r n ea r  the b o tto m  an d  H ells G a te

(c m :

1 0 0 ^

SOUTH ( c m / s e iH E L L S  G A LE C U R R EN !

4 0

4 0

'O IN T  CURI E N T  [ c m / !

SOUTH

4 0 -
T A U W IC H E  ( I E  BARRAGE CU RREN T ( c m / s e c

3 0 . 5 . 3 1 . 5 1 . 6 . 7 42 8 . S 2 9 . 5 .2 7 . 5 .

Figure 3. D om inan t cu rren ts and  predicted tides
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F igure 4. T em p era tu re -sa lin ity  d iagram  for N o rth  L agoon

w ate r (from  the S ou th  Lagoon). T h is s tra tif ica tio n  o f the  N o rth  L agoon  w ith  its dep th  o f 2 m  persisted  
th ro u g h o u t the p e rio d  o f observ a tio n  an d  suggests th a t the  C o o ro n g  offers un ique possib ilities for 
stu d ies  o f in te rna l w aves, the fo rm ation  o f  a  therm ocline , the  effects o f a tm ospheric  cond itions, etc. 
on  stra tified  m edia.

L o n g itu d in a l d is trib u tio n s o f  sa lin ity  o f  w a te r  sam ples co llec ted  a long  th e  en tire  length o f the  C o o ro n g  
on  se p ara te  days are show n in F igu re  5. T h ey  d isp lay  p ro p ag a tio n  o f d ilu tin g  w ater m asses an d  yield 
d iffusivities o f  an  o rd e r  o f 103 cm 2/sec, i.e., in th e  ran g e  observed  in th e  open  ocean.

T h e  d is trib u tio n s  o f m ajo r elem ents d issolved (F igu re  6) show  th a t there is an  overall tren d  tow ards 
the  c o m p o sitio n  o f  sea w ater. F o r  exam ple, a  ra tio  o f 2:1 betw een ch lo rine  an ions a n d  sod ium  ca tions
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Figure 5. Salinity changes along  C o o ro n g

is m ain ta ined  (D ietrich  (1963)). T h ese  figures, b ased  on  sm all n u m b e rs  of sam ples, reinforce the m echani­
ca l evidence th a t the sa lt in the C o o ro n g  o rig in a ted  from  th e  sea. U nless the M u rra y  is in flood, 
tides a n d  m ean  sea level changes d rive  sea w ate r in to  the C o o ro n g . H igh  ev a p o ra tio n  ra tes d u ring  
sum m er raise the sa lin ity  to  values rang ing  from  35%,, a t the  M u rra y  M o u th  to  over 80"oo a t the 
S o u th ern  end. D u rin g  floods, the  C o o ro n g  tak es the overflow  w h ich  c a n n o t be h an d led  by the river 
m o u th , ow ing to  h igh tides an d  m ean  sea levels, an d  its salin ity  is reduced.

A logical consequence o f this w o rk  w as a  detailed  study  o f th e  flooding  dynam ics o f the M urray  
w hich began on  15.6.1974. U n fo rtu n a te ly , dep loym en t o f cu rre n t m eters in the river m o u th  presented  
in su rm o u n ta b le  difficulties. M e asu rem en ts  a t the barrages offered  an  a lte rn a tiv e  w hich ac tua lly  gave 
b e tte r  insight in to  the  sed im en ta tio n  p rocesses o f  the M u rra y  in  flood.

D IS T A N C E  FROM T A U W IC H E R IF . BARRAGE 

1 0  2 0  3 0  4 0  km

N a C l
4 0  0 0 0

C l
3 0  0 0 0

2 0  0 00

N a

10 000
M g C l

Figure 6. T o ta l dissolved solids (TDS), N aC l, Cl, N a and  M gCU in N orth  C oorong
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F L O O D IN G  D Y N A M IC S  O F  T H E  R IV E R  M U R R A Y  [15.6.-13.7.1974]

H alf hou rly  read ings o f cu rren t speed an d  d irec tion  w ere o b ta in ed  from  in s tru m e n ts  suspended  from  
the b arrag e  s tru c tu res  ac ro ss  the five channels (F igure 2). T w o  in stru m en ts  w e re  dep loyed  each a t 
T auw icherie  and  Ew e Is land  B arrages after cu rren t profiles a lo n g  all b a rrag es a n d  in d ep th  h ad  show n 
th a t single in stru m en ts  w o u ld  p rov ide  sa tisfactory  m o n ito rs  except a t those  barrag es. F ro m  6.7.-8.7.1974, 
all reco rd ers  w ere set to  ta k e  read ings every 5 m in, in o rd e r  to  iso late h igh  frequency  phenom ena.

C o n sid er first the  h igh frequency d a ta  for 7.7.1974 w hen the re  o ccu rred  flow reversa ls  a t all barrages 
[F ig u re  7]. T h is day  w as ch arac terized  by  h igh tides in  excess o f p red ic ted  values. A  first m ajo r inw ard  
flow a t S outh  E w e Island  B arrage w as p receded  by th ree  sh o r t lived reversals a t  T auw icherie  S outh  
a t 0925, 0950 a n d  1025. A t N o rth  Ewe Island, the flow reversed  a t 1055, a t B o u n d a ry  C reek and  
G o o lw a  at 1100 an d  1115, respectively. F inally , a t the  n o rth e rn  an d  so u th ern  ends o f T auw icherie  
B arrage, flow reversals w ere reco rded  a t  1230 and  1315, respectively. O u tw a rd  flows w ere resum ed

TAUW ICHERIE BARRAGE SOUTH CURRENT [ t f m / s e c ]IN4 0  -

lUT4 0  -

TAUW ICHERIE BARRAGE rO RTH  CURRENT [ c m / s e c ]4 0  -  IN

4 0  -

CURRENT [c m /S '4 0  - EWE IS ! LAND BARRAGEIN

4 0  -

4 0  - EWE ISLAND BARRAGE N< c u r r e :IN

4 0  -

e c ]4 0  - IN BOUNDARY CREER CURRE!

4 0  - OUT

e c ]MUNDOO BARRAGE CURRE!4 0 IN

6 8  1 0  12 1 4  16

F igu re  7. H igh frequency dom inan t curren t speeds on 7.7.1974

18 2 0 2 2 HOURS



2 5 6 R. RADOK

a t E w e Island  S ou th  a t 1740, a t B oundary  C reek  a t 1745, a t M u n d o o  Is lan d  a t  1755 and  T auw icherie  
N o rth  a t 1910. A t T auw icherie  S outh , inw ard  flow co n tin u ed  u n til 1050 o n  8.7.1974.

C erta in  sections o f the  reco rd s show n in F igu re  7, for exam ple  those a t  Ew e Island  S ou th  an d  B o u n d ­
ary  C reek  betw een  3000 an d  6000 hours, ra ise  the  ques tion  o f  p resence  o f seiches. A veraged sp ec tra  
o f all reco rds yielded peaks a t 5.33, 3.55, 3.04, 2.37, 1.85, 1.58, 1.01 a n d  0.52 hou rs. S pectrum  analysis 
o f the  c u rre n t d a ta  ta k en  earlier a t H ells G a te  a n d  T au w ic h erie  B arrage divulged a t stro n g  peak  a t 
5.5 h o u rs  w hich co u ld  thus b e  identified w ith  the  fu n d am e n ta l seiching period  o f the N o rth  L agoon . 
C o rre la tio n  o f  the Ew e Is land  reco rds s tren g th en ed  the  signals a t 3.71, 1.47 an d  0.53 h o u rs  w hich th e re ­
fore becom e assoc ia ted  w ith  the  n a tu ra l p eriods o f  o sc illa tion  o f  L ak e  A lex an d rin a  an d  its bays. P robab ly , 
seiching o f  a local bay  m igh t have induced  the  sh o r t lived flow reversals a t  T auw icherie  S ou th  on  
7.7.1974.
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Figure 8. M ajo r flow reversals in M urray  Estuary
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T h e  m ajo r flow reversals encoun te red  d u rin g  the period  o f ob se rv a tio n s in  th e  M u rra y  channels 
a re  d isp layed  by F igure 8 to g e th er w ith  th e  tides in  E n co u n ter Bay. T h e  firs t set [28.6—30.6.1974] 
o cc u rre d  near neap  tides, the  second  [5 .-7 .7 .1974] n ea r  sp ring  tides. In  b o th  cases, observed  tid a l heights 
w ere well in excess o f p red ic ted  values.

A lo n g  A u stra lia ’s sou th  coast, m e teo ro log ical tides exceed often as tro n o m ica l tides. O b serv a tio n s in 
th e  S ou th  A ustra lian  G ulfs have show n th a t these p h enom ena are  co m m o n  a lo n g  the  en tire  coast 
w ith  very little delay and  are  d isp layed  conven ien tly  by  co m p u ta tio n  o f  filtered  da ily  m ean  sea levels. 
A s a  consequence, the  conclusion  h as  been  d raw n  th a t these effects a re  g lo b a l a n d  resu lt from  w ea ther 
a c tio n  over the S ou thern  O cean  ra th e r  th a n  from  local w inds. T heir in fluences on coasta l erosion  
an d  w a te r  renew al in the G ulfs, the  C o o ro n g  a n d  P o r t  P h illip  Bay n ea r  M e lb o u rn e  is critical.

Table I. D aily w ater tran sp o rts  th rough  M urray  estuary

D a le 16 17 IS 19 2 0 21 22
J u n e

23 2 4 25 26 27 28 29 3 0 1 2 3
Ju ly

4 5 6 7

T r a n s p o r t s  in  1()J n v ’ 
G o o lw a 2 3 8 0 21 19 1441 259 1581 1714 1980 1808 I8 6 0 236 257 1037 1523 6 4 4 931 26 6 4 2091 2 3 1 4 2382 1025 9 1 4 6 8 4
M u n d o o 137 124 87 38 3 3 152 156 134 121 113 94 35 42 171 201 209 218 113 58
B o u n d a r y  C re e k 136 119 8 0 42 57 52 1 10 132 140 133 113 106 77 35 44 126 55 65 58 49 61 57
E w e  Is. N th . 1348 1209 812 - 3 1 9 6 0 770 1184 1379 7 4 4 744 1 174 978 803 165 188 1735 1896 2259 2331 9 4 0 236 221
T a u w ic h e r i e  N o r th 3 3 0 0 2554 2128 6X2 22 5 3 27X9 29 0 5 33 9 0 34 6 2 2976 2 6 6 4 2 5 0 4 1850 822 9 8 5 31 6 8 3 8 8 4 4 4 8 4 4 6 7 3 2 0 1 3 1383 1228

T o ta l s 7 3 0 0 6 1 2 5 4548 9 9 0 48 5 4 5328 61 7 9 6861 6 3 6 2 4 2 2 3 4 3 2 9 4 7 3 8 4 3 4 7 1701 2 1 9 0 7 8 6 4 8 1 2 7 9331 9 6 6 2 4 1 4 0 2652 2 2 5 6
B ia n c h e to w n 6 2 0 0 6 7 0 0 75 0 0 8 6 0 0

N ex t, consider the w ater tra n sp o r t th ro u g h  th e  channels. T ab le  I ind icates th a t  m a jo r day  to  day 
v a ria tio n s  o ccu rred  in the tra n sp o r t th ro u g h  ind iv idual channels as well as in  the to ta l tran sp o rt. T he 
o rd e r  o f  m ag n itu d e  o f the la tte r  c o rre la te d  rea so n ab ly  w ith  estim ates b ased  on  river levels a t B lanche- 
tow n, 270 km  u p  river from  L ak e  A lexandrina . T h ese  varia tio n s are induced  by a w ide range o f p h en o ­
m ena inc lud ing  g lobal w ea ther ac tion , a s tro n o m ica l tides, land  an d  sea breezes, se ich ing  o f C o o ro n g  
a n d  L ak e  A lexandrina. F u rth e r  m easu rem en ts  a re  req u ired  to  iso late each o f  these p h en o m en a  (K rause, 
per. com m .).

F inally , spectral co rre la tion  o f w ate r a n d  a ir  tran sp o rts  a t the  M u rra y  M o u th  will be o f interest. 
F ig u re  8 show s the  spectral d is trib u tio n s  o f  th ree  hou rly  tran sp o rts  w hich d isp lay  clearly  the  im p o rtan ce  
o f  w ea th er system s (5 -10  days) an d  as tro n o m ica l (12-24 hou rs) forces. A gain, the tim e series w ere too  
sh o r t to  o b ta in  b e tte r  reso lu tion .

C O N C L U S IO N S

T h e  com plex  n a tu re  o f  the a ir -s e a - r iv e r  in te rac tio n s in  th e  es tuary  o f  the R iver M u rra y  in  flood  has 
been  exposed. In 1910, it w as suggested  th a t ‘th e  p la in s o f the M u rra y  Basin have been  the resu lt 
o f the  silting  u p  o f a large a rm  o f the  sea w hich h ad  its open ing  in to  the ocean  in the  n e ig h b o u rh o o d  
o f  the  p resen t m o u th  o f the M u rra y ’ a n d  w hich ex tended  several h u n d red  kilom etres in to  the  con tinen t. 
T h e  m easu rem en ts  o f this s tudy  suggest a  p rocess by w hich th is silting  u p  could  have taken  place.

O bv iously , the  m ajo r tra n sp o r t o f  sed im ent w hich accom pan ies the  co n d itio n s described  has led in 
the recen t p as t to  the estab lishm en t o f th e  islands betw een  L ak e  A lexand rina  and  the  C o o ro n g  and  
is now  silting  u p  b o th  these lakes. T h e  length  o f  the  active C o o ro n g  is determ ined  by the  m ag n itu d e  
o f  recen t floods o f the M urray , tida l an d  sea levels a t the  river m ou th . H uge  q u an titie s  o f m ateria l 
a re  g rad u a lly  tran sp o rte d  dow n the  M u rra y  by these floods an d  eventually  carried  th ro u g h  the  m o u th  
to  be deposited  on  the shelf, w here they  lay  th e  fou n d atio n s for the n ex t pen insu la  on  w hich the 
ocean  w aves raise dunes a t rig h t angles to p reva iling  w inds. T h e  n a tu re  o f the base  of th e  Y o u n ghusband  
P en insu la  confirm s this p rocess w hich has been repea ted  a  n u m b e r o f tim es.

T h is  in te rac tio n  betw een p reva iling  w inds an d  river flooding  co n d itio n s has p robab ly  induced  fo rm a­
tio n  o f  sim ilar e s tu arin e  geom etries elsew here. F o r  exam ple, the V istu la  (W eichsel) an d  the N iem en  
(M em el) n ea r  K alin ig rad  (K önigsberg) n ear the  B altic Sea flow in to  the  Z alew  W islany (F rische Haff)
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an d  K ursiu  M a rio s  (K urische Haff), respectively. P ro b ab ly  these  w ere fo rm ed  by  sim ilar processes. 
D u rin g  no rm al cond itions, the m o u th  o f the river is shaped  an d  es tab lish ed  firm ly. D u rin g  flooding, 
its w aters sp read  beh ind  du n es b u ilt by  ocean  w aves on  a base es tab lish ed  g rad u a lly  by sed im entation  
th ro u g h  fluvial d ischarge o u ts id e  the  river m outh .
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