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INTRODUCTION

The Seekoel Estuary is a recreational attraction flanked by the resort
towns of Aston Bay aﬁd Paradise Beach in the Eastern Cape (Fig 1-1).
The two communities are now linked by a riprap causeway constructed
across the estuary. Although the causeway was originally built as a
weir to improve the estuary, it has attracted criticism for allegedly
causing the deterioration of the estuary. Since its construction in
1971 sediment build-up and sa;inity changes hdave been reported. The
causeway was not designed to cope with either normal tidal exchange or

river flood discharge, nor is it functional as a safe roadway.

Sedimentation studies were undertaken to evaluate the influence of the

causeway on the estuarine system.

In the winter of 1979, the causeway was breached by floods, improving
tidal flow throughout the system. In December 1980 the gap was closed
by the local authority. Culverts, installed above the normal high
tide level, allowed only for slow out-flow of fluvial water. The up-

Per estuary was deprived of seawater replenishment and tidal action.

A first survey was conducted in early November 1980, when it was learnt
that the causeway was about to be repaired. The survey was repeated

twelve months later. The results of the two surveys are reported here.

Brief field observations were also made in November 1982.

-
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BACKGROUND INFORMATION

I2'

9,1 Catchment area of the Seekoei and Swart Rivers

The Seekoel and Swart Rivers originate northwest of Humansdorp and flow
in a trellis drainage pattern for about‘30 kilometres before discharg-

ing into the estuary (Fig 1-1). The drainage basin is relatively small
(312km2),and has a geological substrate consiSting of Palaeozoic

fable Mountain Group quartzite and Bokkeveld Group slate.

‘he s;gdy area lies in a southern Cape climatic zone which is temperate
o warm, Precipitatién is spread evenly over all seasons though autumn
nd spring shgw peaks, The mean annual precipitation is 570mm and the
gan aﬁnual run-off of the Seekoei~Swart drainage system is 27 x 106

ibic metres,-
tevailing winds are southwesterly with an 18% frequency.

2ils are shallow and poorly developed. The Table Mountain Croup
lartzite weathers to a sandy, loose-textured soil. This soil lacks
icro~plant nutrients as it is readily leached by meteoric water,
‘lerophyllous plants (fynbos) favour shch conditipns and occur in’ the
!tchmént area., Lime 1is common in,the_lowiands, but absent in upland
tes. The fluvial sediment yield is low, gnd consists mostly of mud

rived from thé Bokkeveld slate.

€ main economic activity is animal husbandry, with the emphasis on

eep farming. Some wheat cultivation also occurs.,



) Estuary

2.,2.1 Original state of estuary

The estuary was originally 4,2km long and covered an area of 0,89km2.

1ts tidal inlet is ephemeral and opens into St Francis Bay. The max-
imum width of the estuary is 580m and the original inlet was normally
about 10m wide. The junction of the Seekoei and Swart Rivers 1is 1365
metres from the inlet. Tidal reach was 4,2km and the original tidal

prism was about 0,82 x 106 cubic metres of water per cycle.

The estuary is surrounded by the unconsolidated coastal sediments and
underlain by near vertical dipping slate beds of the Bokkeveld Group.

Slate outcrops occur along the eastern banks of the estuary.

The estuary had a stable shallow ephemeral inlet, This was situated
approximately 350 metres to the east of the present inlet where its
depth was controlled by the underlying slate substrate, This ensured

that the estuary never drained completely.

The longshore drift is in an easterly direction and the sea’s tidal

range is 1,6m.

2.2.2 Present state of estuary

A swimming pool complex has been constructed in the position of the
original inlet (1969). To safeguard this complex an embankment was
erected across the channel (Fig 3-2). A 320m long causeway crosses

the estuary 510m upstream.

The Seekoei River Nature Reserve (0,22km2) is situated on the east-

€rn bank of the upper estuary.




The estuary is excluded from the regulations of the Sea Shore Act of
1935 as it was in private possession at the time of proclamation. It
ijg now administered jointly by the Jeffreys Bay Municipality and the

gumansdorp Divisional Council.,

3, HISTORICAL DEVELOPMENTS

The Seekoel Estuary once retained a relatively large volume of water
at- low tide. This stable environment provided an excellent habitat
for flourishing aquatic life, with waterfowl in particular being at-

tracted to the estuary.

Episodic floods breached the sandbarrier to the west of the rock sill
making a new temporary inlet, and flushing accumulated sediment into
the sea. After a flood the inlet would migrate eastwards under the
combined action of the longshore drift and waves. The inlet would
continue along this path until it reached the bedrock outcrop. There
the underlying substrate would halt the migratory;pattern and stabi-
lize the inlet. Within a few months the stable tidal lagoon would be

re~established (Fig 3-1, copied from aerial photographs).

During the development of Aston Bay in the late 1960’s and early 1970's,
a4 swimming pool complex‘was constructed on the beach in the normal pos-
ltion of the inlet (Fig 3-2). The inlet was artificially shifted west-
ward as its original path was now effectively blocked by an embank-
ment, The inlet channel was artificially straightened and this ef-
fectively increased the water surface gradient, Faster flowing ebb
Currents which resulted excavated a channel with its base well below

the low water mark. The estuary was therefore almost totally drained




at low tide, exposing an intertidal zone of sand and mud banks. With-
out @ constant level of water, waterfowl did not frequent the aréa any

pore and fish-life diminished rapidly.

this was unacceptable to the property developers. The aesthetic value
of the estuary was of great importance to their marketing and selling
campaign. They attempted to re-established the original state of the
estuary by erecting a make=-shift barrier across the new inlet. This
ill-conceived construction was inadequate and was soon destroyed by
wave action and tidal currents. A low weir was then constructed some
500m upstream of the inlet in order to retain water at low tide in the
upstream part of the estuary (Fig 3-3). In time the weir was widened
and raised and eventually became a causeway, enabling light traffic

to cross the estuary.

The Seekoei River Nature Reserve was established principally as a
sanctuary for waterfowl in 1969. Fluctuations in the estuary’s water
level .caused the waterfowl to move away. Construction of the swimming
pool complex and the subsequent environmental changes not only had an

adverse effect on this area, but negated the primary purpose of the

reserve.,

Although the causeway was breached and severely damaged by floods 1in
1976 and 1979, the local authorities under pressure from local inha-

bitants chose to repair the causeway 1in order to maintain a direct

crogsing over the estuary.

During the construction of and repairs to the causeway little consi-
deration seems to have been given to provision of suitable drainage
of the tidal flow. Culverts and pipes were installed, but proved to

be insufficient and allowed only for slow out=flow of fluvial water.
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4, FIELD OBSERVATIONS

yovember 1980

The causeway had been breached since July 1979 and a 15 metre wide

ap cut through the rock and rubble infill. The depth of the channel

hrough the causeway was approximately 5 metres at low tide. A well '
Eeveloped estuarine system with normal tidal channels was present in

the lower section while the channels in the upper section were not

tasily recognisable as tidal channels. Tidal inlet was 8 metres

icross at high tide.

‘ovember 1981

he causeway had been repaired and raised. Tidal influence was vir-
bally excluded from the upper estuary. Drainpipes were installed

bove the high water 1eve1,'allowing only for fluvial runoff. The
PPer estuary was once again flooded as before the 1979 flood. The

Jwer estuary showed clear signs of sediment accumulation since Nov~-

%er;1980. Tidal inlet was 4 metres across at high tide.

'vember 1982

€ tidal inlet was completely blocked by beach sand, deposited under
€ action of the longshore current. Further signs of sediment accu-
lation were present in the lower estuary. The water level in the
tuary was very high and only marginally below some of the low-1lying
Cperties adjoining the estuary. All signs of the original inlet
2nnel were obliterated by extensive infill, Limited volumes of sea=-

fer washed into the lower estuary over a sandbar at high tide.

!
-—
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wRVEYS AND SAMPLING

The estuary was surveyed in early November 1980 and, using the
jatum, the survey was repeated in November 198l1. Cross-sections
located at convenient intervals, from the inlet to the junction
 Seekoel and Swart Rivers (Figs 5-la,b). The datum was 1,419m

, mean sea level. The cross—-sections were measured by means of a

jite. Results of the surveys are presented in SECTION 6.1.

{ment samples from the intertidal and subtidal zones (Figs 5-2a,b)
obtained at both the bed surface and, by coring, at a depth of
atres into the substrate. The grain size proportions were deter-
i1 by wet sieving through a 0,063 millimetre sieve and dry sieving
9ﬁ?;§e coarser material. ;The samples were also analysed for their

and organic carbon content. Calculations and statistical ana-

s1s were handled with the aid of a micro-processor.

samples collected in 1981 and during the observation trip in

ember 1982 were analized for salinity.
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6. RESULTS

6,1 Surveys
The two bathymetric maps highlight certain differences (Figs 6-la,b).

In 1980 the entire system was subjected to tidal influence. Well de-
veloped tidal channels existed in both the lower and upper estuary.,
The greatest depth was located at the gap in the causeway. As the
tidal water exchanged between the upper and lower estuaries, it had
to flow through a restricted opening. The strong current through the
gap produced a scouring "jet" effect which eroded the channel to 5,5
metres below the low tide level. The upper estuary drained down to
low tide level, exposing the intertidal sand and mud banks in that
area, The depth of the inlet chaﬁnel was approximately 0,5 metres at
|low tide.

PBy 1981 the causeway had been repaired, the sediment distribution had
:undergoné noticeable changes, and the estuary had changed significant-

ily.

The upper estuary was practically isolated from tidal influences. The
Causeway had been raised, thus preventing even spring tides from wash-

Ing over the embankment info the upper estuary.

Within 5 year the well developed channels of the lower estuary had
been feplaced by a poorly drained system. With the causeway as the
18W effective tidal head, the volume entering and leaving during a
k[dal ¢tycle was greatly reduced. More sediment was transported into
"% channels from the adjacent beach and surf zone, than was removed

b
7 the epp currents. This sand accumulation made it continually more
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yfficult for the flood tide to enter the lower estuary, resulting

d
inimbalanced sedimentation. Sediment accumulation also occured in

che upper estuary. It consisted mostly of fine-grained material of
¢luvial origin., Small quantities of organic detritus were also pre-

gent. The rate of influx was much slower compared to that of the

Jower region.

The cross-sections are presented in APPENDIX 2.

6,2 Sediment volume changes

In the area between the inlet and the confluence of the Seekoei and
Swart rivers the sediment volume increased by 3,54 x 104 cubic me-
tres between November 1980 and November 1981. This can be compared
to dumping 32 lorry loads (at 3m3 per load) of sand into the

estuary each day during that period.

6.3 Sediment analysis

No significant difference is observed between the sediment grain size
distribution of 1980 and 1981. Most of the sediment samples analys-
ed have a mean grain size between 0,15mm and 0,25mm., Sediment dis-
tribution at the surface and at a depth of 0,5m below the sediment

Surface is also very uniform.

Mud distribution decreases from the tidal head of the estuary to
Its inlet, 1In places mud also increases from the subtidal zone

to the supratidal regions. A decrease in current velocities, both
fowards the tidal head and the banks, explains these phenomenona.
Fiﬂe-grained particles settle more rapidly from suspension in quiet

WYater than in turbulent water.
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ﬁisamples collected in 1981 had a slightly higher mud content than

hesamples of 1980. These differences may be attributed to the flood
3

fJuly 1980 when the estuary was flushed.
0

Theamounts of organic carbon and CaCO3 present in 1980 and 1981 are

“rysimilar. The average of all the different organic carbon per-—
.entages obtained in 1980 is 2,03% and for 1981 it is 2,20%. The ave-
Lage percentages of CaCO3 are also very alike, i.e. 35,84% (1980) and

17,22% (1981).

#eudled results appear in APPENDIX 1.

L.A Salinity

Yhe salinity of estuarine water gradually decreases from the inlet to
the tidal head. The causeway is clearly interfering with this natural
*hammenon. Grindley (1976) found the salinity on.the seaward side of
the causeway to be 27 ppt (seawater is 35 ppt) and on the landward side
baly 7 ppt. Water samples collected just up-estuary from the causeway
in 1981 had a markedly lower salinity (14 ppt) compared to the water in
ihe lower estuary (26 ppt). In 1982 the sampling was repeated at the
ame localities and the water in the upper estuary had a salinity of

0 ppt whereas the salinity of the lower estuary water was 19 ppt.
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p1SCUSSION

Baneatuary the different environmental factors combine and interact
‘,lﬂghly dynamic equilibrium. Should any of these factors be chang-

4, an overall environmental change will occur. This has been amply
]

g.mmtrated in the case of the Seekoei Estuary.

{ting of the swimming pool complex in the original inlet was most ill-
snsidered. This complex was built without proper and thorough inves-
fgation into all the possible implications it may have on the est~
ary. By shifting the inlet artificially to the west, the desirable

ad once stable tidal lagoon was lost.

snstructions subsequently built to re-establish the original water
slume may appear at first to be successful, but they can have a ne=-
ative influence. TIf the causeway remains in its present form conti~-
wed and non-reversable deterioration of the estuary can be expected as
result of disrupted tidal influence. The maintenance of a natural

nd normal tidal exchange throughout the whole system is essential for

he survival of the'estuary.

ihe causeway introduced a severe disturbance into the estuarine system.
t not only separates the estuary into two unlike areas, but effective=-
ly blocks the tidal floﬁ’from reaching up-estuary. The lower area
Sperates as a "normal" estuary, but with a very limited tidal prism.

"he original water volume availaBle for sediment transport and redis-
LribUtion was limited due to the short tidal head (4,2km) and rela-

five smal1l mean annual runoff (27 x_106 cubic metres). Now it has

been reduced drastically.
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pmparison of the bathymetric maps (Figs 6-la,b) shows that excessive

Py ©
gediment bul

l1d-up is taking place in the lower estuary and to a lesser
jegree in the’uppgr "estuary". Wind deposited sand and longshore
_yrrent deposited sand are gradually transported into the lower es-
,yarine channels, whereas fluvial sediment is deposited in the upper
regions. The fluvial sediment consists mostly of very fine-grained

clay particles that settle out as mud. This accumulation of mud is

pot only undésirable, but the mud may also prove difficult to be re-

oved by tidal processes in the future. Clay particles form a very

{rm bond once they have settled. Higher than normal current veloci-
{es are therefore required for their erosion. Without a properly main-
tained tidal flow, imbalanced sediment accumulation can be expected to

ront lnue.

ith the causeway acting as a retaining barrier, and with a Steady
nflow from the fluvial system, the upper estuary will eventually be
?nminated by freshwater., The raised water level will propably cause
fhe destruction of the normal intertidal and supratidal environ-
[mus. In time the entire upper region can be expected to be-

ome a freshwater reservoir. Abrupt salinity changes, i.e. a

f:lé ratio in 1981 and a 19:10 ratio in 1982 between the lower

ind upper estuary, seem to confirm such a trend.,

fhe flooded upper estuary will act as a natural sediment trap for all

ﬂuvial sediment and organic debris. 1In the stagnant bottom water the

5 level can be expected to drop owing to the decay of organic matter.

. the putrefaction process 0, is drawn from the immediate surrounding
% an active participant, With a lower O2 content in the water, the

Mances of organisms to survive and propagate will be greatly reduced.




23

{11 have 2 negative influence on the bio-ecology of the upper

The estuary’s aesthetic value will diminish if the aquatic

~ grindley (1976) specified a number of unwanted biological
5 v
1
. that occurred when the upper region was flooded in 1976.

nt from the estuary. With the causeway acting as barrier to

iver flow, the scouring effect of floods will be reduced.

| the causeway remain in place it can be expected that during flu-
floods water levels upstream of the obstruction could rise suffi-
fently to flood lands, roads and property. In addition most fluvial

nt will be deposited in the upper estuary.
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LONCLUSTON

mﬂ'Present form the causeaway has a limited lifespan. Any sizeable

vial flood will severely damage the causeway as happened in 1976 and

The expense of repair and maintenance of the causeway will in-

and will also accumulate into a considerable overall amount.

4 primary reason for deterioration of the Seekoei Estuary can be at=
cqbuted to the artificial shifting of the tidal inlet. Subsequent con=-
qructions, e.8. the causeway, have compounded the environmental pro-
jeng of the estuary. The ultimate solution to this problem would be

, remove these constructions and to re-establish the original tidal
goon, Such drastic changes are however not feasible as the swimming
nlcompl;x is an expensive and desirable construction. A more rea-
snable solution would be to breach the causeway and build an artifi-
4l 8111 across the present position of the inlet. The sill should

t only be of durable construction, but the same height as mean sea
vel to retain water in the estuary at low tide. 1If the need for a
ract link between the two towns is valid, a properly constructed

[ng should be built, allowing for both unrestricted tidal flow and

90ds, as well as safe vehicular and pedestrian traffic.
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“;ete 1ist of all the sediment parameters which were obtained in

¢ 1980 and November 1981 are listed in this section. The

e positions are marked on figs 5-2a,b., The positions of the

" gtations can be found from the coded station numbers listed

For example sample number SE 7:2T originates from the Seekoedi

"y and was collected on line 7. It was taken from the sediment

e ("T" indicates TOP) at position 2 on line 7, This sampling spot
-jhgﬁcated as a dot (Figs 5-2a,b) and is the second from the LEFT

¥w up-estuary, Samples collected 0,5m below the sediment surfape

adicated by a "B" (BOTTOM).
3

=:mfain sizes listed below are in PHI-units and not in mm.

= -log2 fgrain size in mm/lmm])

3 k]
parameters listed below are as follows:

" Very coarse sand (grain diameters between lmm and 2mm)
 Coarse sand (grain diameters between 0,5mm and lmm)

* Medium sand (grain diameters between 0,25mm and 0,5mm)

Fine sand (grain diameters between 0,125mm and 0,25mm)

= Very fine sand (grain diameters between 0,063mm and 0,125mm)
- S11t and clay (grain diameters less than 0,063mm)

- The distribution median in PHI-units (Md = P50) +
- The mean grain size in PHI-units (M = [P16 + P84]/2)
- The grain sorting in PHI-units (S = [P84 - P16]/2)
- The distribution skewness in PHI-units (Sk = [M~Md]/S)
- The distribution kurtosis in PHI~-units
(K = [{(P95 - P5)/2} ~ S]/8)

|
:ffLCO - The percentage (by mass) calcium carbonate in the sediment
Org € - The percentage (by mass) of peroxide digested organic material

" PX = The xth percentile of the cumulative distribution.

.?lparameter formulas were obtained_from Buller and McManus (1979).
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APPENDIX 2

s=sections were surveyed at convenient intervals, from the

to the junction of the Seekoei and Swart Rivers (Figs 5«la,b),

je survey datum was 1,419p above MSL. Some sections were

tended to MSL by interpolation (broken line), Al1l sections

e viewed downstrean,
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SECTION 1 SEEKOEI ESTUARY

NOVEMBER 188d@ N

DATUM

;ECTION 2 SEEKGQGEI ESTUARY

- . MSL

188M

ROSIE ~ UPE OEOLOGY

?
NOVEMBER 18980 \
|

DATUM

= MSL

MSL LOCATED 1,418M BELOW DATUM

VERT. EX. 33, 33X SECTION VIEWED DOWNSTREAM

Y |
1

182M

ROSIE - UPKE GEOLOGY



.-

SECTION 3 SEEKOEI ESTUARY NOVEMBER 1980@

40

| - ’ ’ ! . : DATUM
.I < —== s £ = -— MSL
MSL LOCATED 1.416M BELOW DATUM X '
VERT. EX. 33, 33X SECTION VIEWED DOWNSTREAM ' R Locb Ik
ROSIE: ~ UPE GEOLOGY
SECTION 4 SEEKOEI ESTUARY NOVEMBER 1982
DATUM
- —— s— - - = -—-—  MSL

MSL. LOCATED 1, 418M BELOW DATUM

—
—

VERT. EX. 33, 33X SECTION VIEWED DOWNSTREAM ol

ROSIE ~ UPE GEOLOGY
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SECTION S SEEKOEI ESTUARY NOVEMBER 1980

DATUM
) /\--1 ) } ) . _ . _ _ - .
? S -
= L
e _—
e >
MSL LOCATED 1. 416M BELOW DATUM | 4
VERT. EX. 33, 33X SECTION VIEWED DOWNSTREAM LREH
ROSIE -~ UPE GEOLDGY
]
SECTION &6 SEEKOEI ESTUARY NOVEMBER 1980
OATUM
- - = & E = = 5 L - S = = = ﬁ,—’:' = o MSL

MSL LOCATED 1. 418M BELOW DATUM

VERT. EX.. 33, 33X SECTION VIEWED DOWNSTREAM L

ROBIKE —~ UPE OEOLDGY




e
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seCTION 7 SEEKOEI ESTUARY NOVEMBER 19808

DATUM
- - - p—— s 2 - -  MsL
g i~ —" .
\?’ "‘--_,\__ rd
--.___“_ ,,’
e ——— —
T— Il
A" ™ -
MSL LOCATED 1, 418M BELOW DATUM S .
1] 1
VERT. EX. 33, 33X SECTION VIEWED DOWNSTREAM TR
Rosxé - UPE GEOLOGY
SECTION 8 SEEKQOEI ESTUARY NOVEMBER 1980
DATUM
B . e MSL
L =53
. ~ —— ~ —
e
MSL LOCATED 1. 416M BELOW DATUM i o
1
! 198M

VERT. EX. 33, 33X S8ECTION VIEWED DOWNSTREAM

ROSIE - UPK GEOLOGY
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£CTION @ SEEKOEI ESTUARY  NOVEMBER 1980

MSL LOCATED 1, 419M BELOW DATUM

e

L
L
VERT. EX. 33, 38X SECTION VIEWED DOWNSTREAM bl

ROSIE - UPE GEOLOGY

SECTION 18 SEEKOEI ESTUARY NOVEMBER 1880

DATUM

MSL LOCATED 1, 419M BELOW DATUM

-

VERT. EX. 83,33X SECTION VIEWED DOWNSTREAM 1eeM

ROSIE - UPK GEOLOGY
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11 SEEKOEI ESTUARY NOVEMBER 189808 |

DATUM

o2 MSL.

MSL LOCATED 1, 418M BELOW DATUM i

12aM

VERT. EX. 33, 33X SECTION VIEWED DOWNSTREAM

ROSIE ~ UPE GEOLOGY

SECTION 11 CONT

MSL. LOCATED 1, 419M BELOW DATUM L

VERT. EX. 33, 33X SECTION VIEWED DOWNSTREAM AEph

ROSIE - UPE GEOLOGY




45

-eCTION 12 SEEKOEI ESTUARY

NOVEMBER 1288

DATUM

MSL LOCATED 1. 418M BELOW DATUM

VERT. EX. 33, 33X SECTION VIEWED DOWNSTREAM

= SECTION 13 SEEKOEI ESTUARY

: — : —— ~  MSL
g __:=-___::==-——____;==-_______

128M

ROSIE - UPE GEOLOGY

NOVEMBER 13808

DATUM

e
N
A A —

MSL LOCATED 1, 416M BELOW DATUM

VERT. EX. 33, 33X SECTION VIEWED DOWNSTREAM

128M

ROSIE - UPE OREOLOGY
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SECTION 13A SEEKOEI ESTUARY

NOVEMBER 1988

MSL. LOCATED 1, 418M BELOW DATUM

VERT. EX. 33, 33X SECTION VIEWED DOWNSTREAM

SECTION 14 SEEKOEI ESTUARY

18@M

ROSIE —~ UPE GEOLOGY

DATUM

NOVEMBER 139808

MSL. LOCATED 1, 416M BELOW DATUM

VERT. EX. 33, 33X SECTION VIEWED DOWNSTREAM

E

18M

ROSIE -~ UPE GEOLOOY

DATUM
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SECTION 15 SEEKOEI ESTUARY

NOVEMBER 198@

DATUM

MSL LOCATED 1. 419M BELOW DATUM

VERT. EX. 33, 33X SECTION VIEWED DOWNSTREAM

 SECTION 168 SEEKOEI ESTUARY

== MSL

1g8m

ROSIE ~ UPE GEOLOGY

NOVEMBER 19808

DATUM

MSL LOCATED 1. 418M BELOW DATUM

VERT. EX. 33, 33X SECTION VIEWED DOWNSTREAM

i MSL

122M

ROSIE - UPE GEOLOGY
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SECTION 1 SEEKOEI ESTUARY

NOVEMBER 1981

DATUM

MSL LOCATED 1, 418M BELOW DATUM

VERT. EX. 33, 33X SECTION VIEWED DOWNSTREAM

SECTION 2 SEEKOEI ESTUARY

- - MSL.

4

igaM

ROBIE ~ UPK GEOLOGY

NOVEMBER 1881

DATUM

MSL LOCATED 1. 4168M BELOW DATUM

VERT. EX. 33, 33X SECTION VIEWED DOWNSTREAM

b &

188M

ROSIE - UPE GECLOGY
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VERT. EX. 33, 33X SECTION VIEWED DOWNSTREAM

SECTION 4 SEEKOEI ESTUARY

SECTION 3 SEEKOEI ESTUARY NOVEMBER
MSL. LOCATED 1.419M BELOW DATUM ; ’
' 122M '

ROSIE ~ UPE GEOLOGY

NOVEMBER 1881

DATUM
_—— ,/ -—  MSL
e 4

I-1-
.|'_."__

MSL. LOCATED 1. 418M BELOW DATUM g 1

) . . r 1

VERT. EX. 33, 838X S8ECTION VIEWED DOWNSTREAM Lees
ROBIE ~ UPE GEOLOOY
1 e
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ECTION 5 SEEKOEI ESTUARY

NOVEMBER 1881

DATUM

MSL

MSL LOCATED i, 418M BELOW DATUM

T. EX. 33, 33X SECTION VIEWED DOWNSTREAM

' 12M =
ROSIZ -~ UPE GROLOGY
ECTION B éEEKUEI ESTUARY NOVEMBER 1981
DATUM
- =M Am -  MsL
= 4==____:=‘2\ l"
R‘T‘x w"’
— =

MSL. LOCATED 1. 410M BELOW DATUM

T.EX. 33,39X SECTION VIEWED DOWNSTREAM

186M

ROSIE « UPE GEOLOGY



‘ | ——
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SECTION 7 SEEKOEI ESTUARY NOVEMBER 18981

OATUM
e e Y FAC:T___j- -— m———  MSL
MSL LOCATED 1,419M BELOW DATUM n ;

r 1
VERT. EX. 33. 33X SECTION VIEWED DOWNSTREAM LEs
ROSIE ~ UPE GEOLOGY
SECTION B SEEKCEI ESTUARY NOVEMBER 1881
DATUM
- - - ./: -— MSi.

MSL LOCATED 1. 410M BELOW DATUM

VERT. EX. 33, 33X SECTION VIEWED DOWNSTREAM R

ROSIE ~ UPE GEOLOGY




o
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SECTION 8 SEEKOEI ESTUARY NOVEMBER 18981

BATUM

hJ
P

=T o - = MSL
el

< e
Vq” ?,w

MSL LOCATED 1, 419M BELOW DATUM

L

VERT. EX. 33.33X SECTION VIEWED DOWNSTREAM —

ROSIE —~ UPE GECLOGY

SECTION 1@ SEEKOEI ESTUARY NOVEMBER 1981

OATUM

- - - MSL

MSL LOCATED 1. 418M BELOW DATUM

DBM
VERT. EX; 33, 33X SECTION VIEWED DOWNSTREAM .

ROS!K - UPE GEOL.OGY




| - 3
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TION 11 SEEKOEI ESTUARY  NOVEMBER 1981

DATUM

= = s MSL

\*"’,_j_‘....;\'_qr

MSL LOCATED 1.419M BELOW DATUM

T

120M =4
ERT, EX. 33, 33X SECTION VIEWED DOWNSTREAM

ROSIE -~ UPE GEOLOGY

CTION 12 SEEKOEI ESTUARY NOVEMBER 1981

DATUM

MSL LOCATED 1.416M BELOW DATUM

R M
u'RT.EX._33.33X SECTION VIEWED DOWNSTREAM e

ROSIE ~ UPE GEOLOGY




“TION 13

54

SEEKOEI ESTUARY

NOVEMBER 1881

DATUM

MSL. LOCATED 1. 416GM BELOW DATUM

/ERT. EX. 33, 33X SECTION VIEWED DOWNSTREAM

- - —— - MSL

—_
b

1geM

ROSIE - UPE GEOLOGY




