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SUMMARY

Groundwater resources have been investigated on Home Island, in the
Cocos (Keeling) Islands, Indian Ocean, to assess the prospects of developing a
reticulated water supply and sewerage system for the settlement there. Home
Island is a coral atoll and contains a lens of fresh groundwater overlying sea
water. lMeasurements of water-levels in existing wells, and levelling with
respect to mean tide-level, indicate that the freshwater lens is up to 19 m
thick, and averages about 15 m over an area of about 30 hectares. Allowing
for tidal fluctuations and for periods of drought, the sustainable yield of
the aquifer would be about 200 000 litres per day. Recommendations have been
mede for the development of the aquifer by pumping from infiltration galleries;
pumping should never reduce the lens thickness by more than half to avoid

salt-water contaminatione.



INTRODUCTION

At the request of the Department of the Special Minister of State
(now the Department of Administrative Services), groundwater resources were
investigated in the Cocos (Keeling) Islands from 2 to 17 December, 1975.
The main object of the investigation was a hydrogeological assessment of Home
Island in order to determine the feasibility of constructing a reticulated
water supply and sewerage scheme for the village there. The sewerage system
might be able to use salt water, and would discharge into the sea.

The Cocos (Keeling) Islands Territory is in the Indian Ocean,
2800 km northwest of Perth. The Territory consists of two coral atolls
about 24 km apart. The smaller atoll, North Keeling Island, is uninhabited
and difficult of access. The larger atoll, the South Keeling Islands (Plate 1),
consists of 26 islands around a lagoon; two of the islands are inhabited,
An Australian settlement on part of West Island has a population of about 100.
Apart from the Australian-owned land on liest Island, the remainder of the
islands are owned by Mr John Clunies-Ross, and form a coconut plantation. The

only other permanent settlement is on Home Island, which has a population of
about 500 - mainly Malays.

Access to Home Island was by motor launch daily from West Island.
Field work, in which I was assisted by Mr K. Campbell, included a data census
of wells (Appendix 1), measurements of water-levels and salinities, and
levelling with respect to a mean tide-level established by gauging. Water
samples were chemically analysed by AMDEL in Adelaide (Table 1). Information
on survey bench-marks was obtained from the Army's 5th Field Survey Squadron,
Karrakatta, Western Australia. Tide-gauge data have been obtained from CSIRO
Division of Fisheries & Oceanography, Cronulla, New South Wales (Appendix 2),

and meteorological data (Appendix 3) from the Bureau of Meteorology, which
maintains a station on West Island,
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GEOLOGY

The Cocos Islands are atolls formed on a volcanic seamount rising
from a depth of 5000 m. Lvidence for this has been reviewed by Jongsma (1976)
and includes bathymetry; a magnetic anomaly coinciding with the main atoll
(Chamberlain, 1960); and samples of volcanic material dredged from the sea
floor (Bezrukov, 1973). A cross-section based on batlymetric data is shown
in Figure 1.

The islands were visited by Charles Darwin (1842), who described
them as a type example of his subsidence theory of atoll formation. Darwin
considered that the upgrowth of reefs continues as the volcanic seamounts that
support them subside. His theory has been borne out by much of the drilling
done on various atolls. The thickness of coral underlying the Cocos Islands

is not known; it may be of the order of 1000 m (Fig. 1).

A cross--section showing some of the atoll features is given in
Figure 2. The islands rise to a few metres above mean sea level, and are mostly
formed of sand with some gravel at the surface, overlying a coral layer which

is close to sea level.

 HYDROLOGY

The monthly and yearly rainfall for the meteorological station
on West Island is shown in Appendix 3. The mean annual rainfall is 2009 mm,
with a minimum of 1100 mm in 1918 and a maximum of 3288 mm in 1942. The mean
monthly rainfall for the period 1901-1973 is shown in Figure 3. The months of
February to July are generally the wettest, and September to November the driest..

Of the 66 years for which complete records are available, 13 years
had recorded rainfall below 1500 mm, that is less than 75 percent of the mean. l
Drought periods with less than 100 mm of rain .in 3 months have been recorded in

18 years. .

No surface runoff was observed during the present investigation.

Although evapotranspiration, has not been measured,it is assumed to
be of the order of 1500 mm from coconut palms - the same as lather's (1973)
assumption in his study of the groundwater resources of Southern Tarawa in the l

Gilbert and Ellice Islandse.

Groundwater forms unconfined aquifers on the larger Islands of the '
atoll., I‘reshwater lenses are developed on Home Island, Horsburgh Island,
West Island, and South Island (Flate 1). The minimum width of the island to .
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sustain a freshwater lens is about 400 m; on smaller islands such as Direction

Island, there is no fresh water.

The freshwater lens floats on salt water; the depth of the freshwater/
salt-water interface assuming static conditions is given by the Ghyben-Herzberg
relation (Fig. 4). Theoretically the depth of the interface below mean sea
level is about 40 times the height of the water-table above mean sea level.

The lens is, however, a dynamic system, with continuous hydraulic flow resulting

in a zone of diffusion at the interface. The lens fluctuates markedly because

of tides and variations in recharge.

Monthly tidal fluctuations for the Cocos Islands lagoon over three years.
are shown in Appendix 2, and predictions of daily tidal fluctuations during

the investigation are shown in Appendix 4.

GROUNDWATER RESOURCES OF HOME ISLAND

Groundwater forms virtually the entire water supply of Home Island;
there are a few supplementary rainwater tanks. Additional rainwater tanks would

improve the present water suprly at minimal cost.

Details of 108 wells on Home Island have been recorded (Appendix 1);
the locations are shown in Figure 5. Abstiraction of groundwater is mainly by
bucket, and there are no storage tanks, with the exception of three wells that
are fitted with electric pumps and storage tanks, This system of abstraction (by
buckets) is safe and ensures careful water usage and minimal risk of salt-water

intrusione.

Some typical well cross-sections are shown in Figure 6., Sand occurs
to a depth of about one metre throughout the area of settlement, and generally
overlies a hardpan of cemented coral fragments, 0.4-1.0 m thick. The hardpan

layer, which is absent from only a few wells, overlies sand in most of the wells.

THICKNESS OF THE FRESHWATER LENS

Water~levels in wells (Appendix 1) have been measured with respect to
mean tide level on 11 12 December 1975. The datum mean tide-level was
determined by gauging for 24 hours at an observation point on the Home Island
wharf, and is an approximation to mean sea level at the time of the survey.
Determinations of monthly mean sea level at the CSIRO tide gauge showed a

variation of up to 0.52 m over three years (Appendix 2).



Tidal fluctuations in groundwater-levels were monitored in three
wells (Fig. 7). The fluctuations in groundwater-levels had an amplitude of
about 25 percent of the tidal amplitude in the lagoon, and a lag of 1-2 hours.
Fluctuations in groundwater-level are slightly greater away from the lagoon
side of Home Island, and have a reduced lag. The marked tidal fluctuations
observed in the wells indicate that there is a wide zone of diffusion at the

freshwater/salt-water interface.

Water-table elevations are shown in Figure 8. Because of the
tidal fluctuation of water-levels meaningful water-table contours cannot be
constructed. At the three wells where observations over a full tidal range
were made, the average thickness of the freshwater lens is estimated as follows:

Well Distance from Water-table elevations Average thickness
lagoon (m) (cm above mean tide of lens (m)
level)
2 40 17-34 ' 10
90 23-39 : 12
48 190 36-61 19

The average thickness of the freshwater lens ranges from 10 to 19 m,
with an average of about 15 m in the Home Island settlement. In two of the
wells the water-table was below mean tide level; the significance of this

is not clear.

WATER QUALITY

Figure 9 shows electrical conductivity wvalues of well water measured
in the field with a portable meter. Contours of electrical conductivity show
that most of the Home Island settlement has good quality groundwater (600-1000
microsiemens per cm). There is an area of more saline, but still potable
groundwater (2000 microsiemens/cm) in the northeast of the settlement, and two

other areas of 1200-1400 microsiemens/cm.

A salinity gradient was observed in some of the wells, with fresher

water on top. The effect of tidal fluctuation on salinity was not investigated.

Subsequent chemical analyses of some groundwater samples (Table 1)
show that electrical conductivity as measured in the laboratory in microsiemens/
cm at 25°C is related to the total dissolved solids content in milligrams per

litre by a factor of about 0.54. Llectrical conductivity measured in the



S S — —— —

Fresh water

Waier tgble

Fresh water

| . Salt water
F.__.._—__- { ——
Record 1976/64

Fig4 The freshwater lens

Ghyben — Herzberg relation for
freshwater /saltwater .intertace

assuming saltwater static

i

h. = —— h
s -4 f

he = 40 hy

Circulation of salt water from sea
to zone of diffusion and back to
sea

( from Cooper, 1959)

Flow paitern beneath an oceanic
island ( Mather, 1975)
Co-ordinates of base of lens
assuming static conditions

( Henry, 1964)

+ = Vvorki (2x/4—x/0? )

y« \’Vo

02/10



Fig.5 Well locations, Home Island _ 02/141

l I NDOI!I AN
' COPRA DRYING AREA OCEAN
7
WORKSHOPS - Ol
' STORES AND OFFICES
20 ,/4 5 \P
' FUTURE HOME SITES
< e — — —
Powsn | |
HOUSE | l
Z
' EZ vispensary he 67D :
03 GJL‘E Z
' . _______________l 560 L _______ __i]
o4_j|22° o21] oo o By !
os || 3907 B 2 o040 | 650 B oig | 23 :
' ae | [380 i} ] 690 B D17 ‘ |
o7 |{37v z ogz|| 7008 [B_ o 1
o og] 360 Z B o43] 710 _ als J
oo [[352 B o44|| 720 B ol4 Jl |
' ay | {340 Basa |{ 7308 |B ., l
2 330 [ Haen || 740 B z l | i
478—1"— 'z P | o
o3| 3e0@ g |[B = B coel[— |
= oas ate B
TaTe o = g] [8°% oos |
I 260 | | 300 MOSOUES Z:? 077 3 l
Z >
7o [ —
' os3d {078 8| |B I
Z AR E)Z 8o |
¥ |60| |8 o5 “‘Blgo = l
. 955 | oo B ool L
i ABE i
56 B3 B Z
l 'l 57| Bas_ B 2. :
ss|lo B |B e
g5 Z
t B o5 |0 B| |B os7om ___1 |
' 0102 or=
0I03 .
| 04
- o
CLUNIES ROSS RESIDENCE — 20
' % PRIMARY SCHOOL L
. (2 5.0 100 m
. 03 Dug well equipped with pump 036 Dug well with
P ' reference number
. Record 1976/64



4%

Record 1976/64

2m
o

WELL 7 )

Ground level

N e
bre ts
- sonassacsuus |

Coral hardpan

E Grick lining

02/12

Fig.6 Home lIsland typical well sections (Water levels at about 10-O0hrs on 4 Dec 1975)




-70
60
-50

WELL 48

_ : _ - -40
WELL 1 l\-—/’—\/—_\‘ 730

e .20

. .40

WELL 2 \/M 30

b -20

- —+30
= ~+-20

7

Woan ride toe —/ N \/ 1
~--20
- 30

LI

] 1 1 1 L 1 1 | 1 1 ] 1 ] ] |
0800 1260 ) |SOQ 2000 2400 0400 0800 1200 1600
Record 1976/64 It DECEMBER 12 DECEMBER 02/13
Fig.7 Home Island tidal fluctuations in groundwater levels |1 - 12 December 1975

RL. (METRES)



. I NDI AN
COPRA DRYING AREA OC EAN
' P
B é
' WORKSHOPS % o %23-39
STORES AND OFFICES &
' 17-34% % é
, FUTURE HOME SITES
% | § ol il —
%JI0E_GAUGING POINT POVIER | |
. l Z < Wouse |
Z WHARF i I
11z 25 |
EZ nispensary = - =
es2 l i I
l ZIk
' . I3 ] IR
el
e SE=s— = =
[T : t
T R | [BE il —B
N g Il = 8| | B
o33 o28 Z §%_1 __—_____1 l|
Z ZAED ZE] |
l ANEGE Z Z ER o2 ]
A 12e A o282 %o Z .é?—- _______l |
EEE 028 B3le B . |
oo % alEe w1
ZIEY) 2 4 '
32
38 % [ 042 € Z,
B ]| < ¢ e B8 B
| - i - |
7 2 % MOSOUES = =
‘ - Z 33 B 8 1 l
N : - o37 | 039 B |
Z 033 Z
. Q Belle B) 18 |
- S bz Bl B 1L
© ! 1
. 19 B2 3% B ______| !
A3 * |
I - ]
. w | Z } o)
e
Water-toble measurements at varying tide stages,
4-10 December 1975
I kb S Mean tide-level determined by gauging .ot Home
%% island wharf, 11-12 December 1975 (Fig.7)
0 50 100m
P -8 .
_ ey single  { @50 Water-rable below mean tide level
7-34 % Complete tide range monitored measurements .
only *23 Water-table above mean tide level
Record 1976/64 . . . 02/14
Fig.8 Home Island water~table elevations (in cm)




I NOI AN

COPRA DRYING AREA OCEAN

WORKSHOPS % * 680
STORES AND OFFICES

W]
—7

% FUTURE MOME SITES

f
o POWER i
Z WHARF Rgda= |
EZ oiseensary Il
o]
|
|
I [
N }
[
|
(
|
|
l L
|
|
s I
l
Q l
: MANAGERS 730 |
Q <740 750 | L
% L a=d
750 B
X g/ |
.sid | ]
w i
éio-_éoq_:-:::J_ __l
*760 *730
+740
»820
%LUNIES ROSS RESIDENCE
% PRIMARY SCHOOL -
9 5.0 I?Om
Contours of electrical conductivity, Electrical conductivity of well water

s §Q0 s *730

interval 200 microsiemens./crm n microsiemens /cm measured with

portable meter

Record 1976/64 02/15
Fig.9 Groundwater quality, Home lsland



-5=

laboratory was generally about 20 percent higher than the field values.

Figure 10 is a Piper trilinear diagram showing the ionic composition
of several samples of Home Island groundwater. It is generally a bicarbonate
water with appreciable chloride in the more saline samples. Sodium and calcium
are the dominant cations. The water is hard for domestic use, with total
hardness ranging from 264 to 488 mgle.

The relatively high nitrate content of some groundwater samnples
probably indicates pollution from animal refuse. Bacteriological quality of
the groundwater has not been assessed.

At present the Home Island settlement is unsewered, and the sea is
used for defecation. There are septic-tank systems at the two European resid-

ences and the dispensary.



TABIE 1 -

CHEMICAL ANALYSES OF GROUNDWATER SAMPLES (mg/l1)

Ca | ¥g| Na | g |HCO,150,  c1 |NO, | E.C. T.D.S.} Total Hardness pH
WeX1 ) 3 |(miero as CaCO3
“dsiemens
fem)

Horsburgh Island 1 20 | 15| 20 11341 111 29 0 675 334 286 - 7.61 *
ome 1:land 1 103 { 12 | 42 16 | 397 3Tt 31 0 813 442 307 T.7] *
Hore Tsland 6 o0 | 24 | 65 27 | 346 241109 | 39 | 981 547 323 TeT *
Tome Island 11 8 | 18 | 83 71 | 305 49 [ 138 | 62 | 1190 657 289 7.0 *
Home Island 26 118 | 47 |230 | 211 | 531 101 1398 | 65 | 2549 1481 488 7.'9 *
Fome Island 29 99 | 13| 21 51{338 ; 14} 30 20| 69N 368 301 T4 *
Tome Tsland 42 127 | 34 {112 | 144 1495 75 | 227 | 103 | 2007 1065 457 T.7( *
Home Island 52 99 | 15 | 55 54 {372 331105 | 25 | 1012 569 309 7.81 *
Home Island 3 86 12 | - - - - - 1 - 310 264 8.5 Y Fluoride O.EIng/l, Boron ¢

‘ Oa‘ mg/l L
Hone Isiang 56 61 13 | - = - - - 56 - 350 266 T.Q 't Fluoride (.3 mg/l, Boreon

less than 0.7 mg/l

L

* aralysis by alDEL, adelaide
T inalysis by Governwernt Chemical lLaboratories, Ierth

E.C, Xlectrical Conductivity measured in the Laboratory
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SUSTAINABLE YIELD

With negligible run off, the water balance of Home Island is:

rainfall = recharge to groundwater aquifer + evapotranspiration

losses.

With a mean annual rainfall of 2000 mm and assuming evapotranspiration
of 1500 mm, the effective recharge to the groundwater aquifer would be 500 mm

in a year of average rainfall.

Groundwater in the freshwater lens flows into the surrounding and
underlying sea water, with a transition zone of diffusion at the freshwater/
gsea-water interface (Cooper, 1959; Kohout, 1960). The effective recharge to
the lens is balanced in the long term by the outflow into the sea (Mather,
1975)« Groundwater abstraction will result in a reduction in this outflow,
which is equivalent to a reduction in effective recharge. Consequently a new

equilibrium position of the freshwater/sea-water interface will be established.

The sustainable yield of the lens without contamination by saline
water has been estimated using Mather's analysis (1973, 1975) . This analysis
is based on the equation of Henry (1964), who showed that the depth below sea
level to the interface is proportional to the square-root of the rate of uniform

recharge per unit area (Fig. 4).

Table 2 is based on this relation, and shows calculated changes
in the equilibrium position of the interface with a reduction in effective
recharge because of pumping. It assumes that the freshwater lens on Home Island

can be considered as an equilibrium system resulting from an effective recharge

of 500 mm annually.

An analysis of rainfall statistics (Appendix 3) shows that the worst
series of drought years recorded on Home Island was 1961-5. Three successive
years'had rainfall averaging 30 percent below the mean, and, over the five
years, rainfall averaged 21 percent below the mean. If the three-year drought
reduced the effective annual recharge by 30 percent from 500 to 350 mm, then
over the three-year period there would be a total deficit of 450 mm. Assuming
a specific yield of 15 percent for the aquifer, then 450 mm of groundwater would
be stored in 3 m of aquifer thickness. The effects of the three-year drought

on the position of the interface are shown in Table 3,

Similarly, the five-year drought would reduce the effective annual
recharge by 21 percent from 500 to 395 mm, with an accumulated deficit of 525
mm over five years. Assuming a specific yield of 15 percent then 525 mm of
groundwater would be stored in 3.5 mm of aquifer thickness. The effects of
the five year drought on the position of the interface are shown in Table 4.
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TABLE 2

EFFECT ON FRESHWATER/SEA-WATER INTERFACE OF REDUCING ANNUAL RECHARGE BY FUMPING
FROM THE LENS

Original Estimated deprth to interface (m) if pumping
depth to interface reduces recharge to
assuming recharge of 500 mm ,
(m below mes.l.) ‘ 400 mm 300 mm 200 mm

20 18 15 13

15 14 12 10

10 9 8

5 4.5 4 3

TABLE 3

EFFECT ON FRESHWATER/SEA-WATER INTERFACE. OF REDUCED RECHARGE
"~ DURING A THREE-YEAR DROUGHT

Original Estimated depth to interface (m) after a
depth to interface 3-year drought if annual recharge is reduced
assuming recharge of 500 mm to

(m below mesel.) 400 mm 300 mm 200 mm

20 15 12 10

15 1 9 7

10 6 )
2 1.5 1 0
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A substantial rise and fall of the freshwater lens on Home Island is
attributable to the tides, and is the major control on the width of the trans-
ition zone. Pumping is expected to reduce the natural hydraulic flow in the
aquifer, and consequently increase the width of the transition zone. In order
to maintain conditions in the transition zone as steady as possible, pumping
should be carried out at a constant rate and continuously o that a new set of
equilibrium conditions are set up. The rate of pumping should be such that
the thickness of the freshwater lens is maintained at more than half the original
thickness, and this could be monitored by ensuring that the freshwater/salt—
water interface is not raised by more than half the original thickness of the

lens.

Possible abstraction rates for lenses of varying thickness, allowing
for a five-year drought, are shown in Table 5. For a lens thickness of 15 m
over an area of 30 hectares on Home Island, the sustainable yield would be about
200 000 litres per daye.

ABSTRACTION OF GROUNDWATER

Table 5 shows that where the lens is less than 10 m thick it will
not be capable of long-term development. Abstraction points are best sited

where the lens is thickest.

Pumping tests are needed to determine specific caracity and drawdown
characteristics of the aquifer, and to assess movement of the freshwater/sea-
water interface. From these, it will be possible to work out pumping rates and
the distribution of abstraction points for large-scale development of the

aquifer.

Drawdown should be minimized; infiltration galleries are preferable
to dugwells for this reason. ‘The aquifer might possibly be developed by a
field of four galleries each drawing from 7.5 hectares with a steady pumping
rate of 2000 litres per hour. Intermittent pumping is not advisable as it
would increase the width of the transition zone and decrease water quality.
Inverts of the galleries should be above the calculated base of the lens when

it attains its new equilibrium position.

Careful control and monitoring will be necessary to avoid salt-water
intrusion, especially in view of the substantial tidal fluctuwations in the lens,
and the variations in mean tide level. The freshwater/sea-water interface could
be monitored by a salinity probe. A tide gauge will have to be installed to
obtain a datum for water levels, Maintenance of the water-supply system will be

necessary and the people will hive to be educated not to waste water.,
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TABLE 4

EFFLCT ON FRESHWATER/SEA-WATER INTERFACE OF REDUCED RECHARGE
DURING A FIVE-YEAR DROUGHT

Original Lstimated depth to interface (m) after a
depth to interface 5~year drought if annual recharge is reduced
assuming recharge of 500 mm to '
(m below mese.l.) 400 mm 300 mm 200 mm
20 _ 14.5 11.5 9¢5
15 10.5 8.5 ' 645
10 5¢5 4.5 2.5
5 1 0.5 *

* negative value, indicating that there would be no freshwater layer.

TABLE

RECOMIMINDED ABSTRACTION RATES FOR LENSES OF VARYING THICKNESS
(Based on Table 4)

Original depth Recommended depth Recharge to 'hxcess rainfall Lxtraction

to interface to interface lens required available for rate (litres/
(m below m.s.l.) (m below m.s.l.) to maintain extraction day/hectare )
recommended (mm
depth
(mm of rainfall)
20 10 225 ; 275 7500
15 15 250 250 6850
10 5 350 150 4100
5 2.5 500 nil nil
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Large-scale abstraction by pumping from galleries will lower the
water~table by as much as 25 cm, and depending on the state of the tide many df
the existing dugwells may go dry. Measures might need to be taken to prevent
the disposal of refuse in the existing dugwells, and so avoid pollution of the

aquifer.

THE OTHER ISLANDS

Several of the other islands have freshwater lenses developed
(Plate 1)+ The minimum width of island necessary to sustain a freshwater lens
is about 400 m. Some wells on West Islend and Horsburgh Island were ingpected

briefly during the investigation.

WEST ISLAND

Four wells supply 70 000-90 000 litres per day to the settlement
on West Island (Fig. 11). The water is softened and chlorinated, then pumped
to an elevated storage tank and reticulated by gravity to the houses. Occasional
difficulties are experienced when water-levels become very low because of tidal
fluctuations; two of the wells are fitted with cut-off valves to prevent
excessive drawdown. The settlement has a septic-tank sewerage system, with

effluent fed to outfalls on the west (ocean) beach.

There are several other wells on West Island, most of which are

disused. Some were installed during the war for military éstablishments.

The northern part of West Island contains possibly the largest
freshwater lens in the atoll (Plate 1) . A detailed groundwater investigation
by geophysical methods is recommended should the proposed quarantine station
be sited here,

HORSBURGH ISLAND

There is a substantial freshwater lens on Horsburgh Island. Three
wells were inspected and sampled, and the water from one was chemically analysed
(Table 1); +the water is of good quality, with electrical conductivity in the

range 550-660 microsiemens/cm.

The water on Horsburgh Island was described by Wood—Jones (1912) as
eesessese the best well water in the group, and ..... that used by the
Ross family for drinking purposes. Under no conditions does it ever become
brackish, doubtless because its use is restricted, and the well is situated

in the centre of the island, and therefore far from the sea.!




-] 2w

The lagoon on the north side of the island is brackish (electrical

conductivity 20 000 microsiemens/cm) and tidal.

SOUTH ISLAND

Although not visited during the present survey, the wider partis
of South Island probably support several discrete freshwater aquifers. There

are reported to be several wells on the island.

DIRECTION ISLAND

Direction Island is not wide enough to sustain a permanent freshwater
lens, and this is probably so with most of the smaller islands. Rainwater
catchment is the only feasible source of water supply, and was used when there

was a cable station on the island,
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CONCLUSIONS AND RECOMMENDATIONS

1. On Home Island, levelling shows the average height of the water-table
to be up to 0.5 m above mean tide—level. There are substantial tidal

fluctuations in groundwater levels, and also a variation in monthly mean tide

level.

24 The thickness of the freshwater lens is from 10-19 m, with an

average 15 m over an area of about 30 hectares.

3e Water quality is generally good, with electrical conductivity in

the range 600-2000 microsiemens/cm.
4. The sustainable yield of the lens is estimated at about 200 000

litres per day, assuming evaporation is 1500 mm from a mean annual rainfall of

2000 mm. This is equivalent to about 400 litres per head per day.

5e The recommended pumping rate for infiltration galleries needs to be
determined by pump tests.

6. A iarge-scale abgstraction gystem will need careful management and

monitoring to avoid salt-water intrusion by overpumping. There will also be

problems of maintenance,and the people will have to be educated not to waste
water.
Te The present system of abstraction by buckets from wells is safe,and

ensures carefui water usage and minimal risk of saltwater intrusion. The water

supply could be improved at minimal cost by increasingirainwater storage capacity.

8. There are appreciable freshwater aquifers on Horsburgh Island, West
Island and parts of South Island. Investigation by geophysical techniques is

recommended should any further development be planned.
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Tyge of vell Ortva of Relght of datun  Depth of well Interna? dizmetes R.L. Peysured LSy Conductivity (it of Remarks
sracuremends whove ground leve) bolow dafve of vel| datue above n;n v.i. valer tabl {a)cronhios/ca) asarvreannts
0] O] (o} ‘19 lueeils (w) & shove Hoe . date
21 1112 Decent er ~ {mean tide Nevel)
1 Rrick Vaed, circuler Rn of well, southside 0.40 2,16 0.% R 1.47.1.8 0.39-0.23 GRC 512,75 fidal fluctustion monttared (Fig,7)
2 Relck Wned, clreulor  Ris, southside 2.39 1.2 19 LA 00N i s ST Tl fluctustton sonttored (Fig.7)
) : . 0,38 0930 L1278 E
v Concrote 1ined covered  R'a, southside .M 1.30 2,58 214 0.52 650 0930 1.7 Electric puep, Hosptia) supply
1.59 0.26 DG4S 412,75
B 8rick Vined, clrculse Rim, northelde. 2.4 0.70 1.8 1.40 045 13 nots, 41T
S Brick lined, clrculer fis 0,45 1.96 0.82 - 1.45 1000 L1215 Sand 0,451,458, coral 1,4541,708,380d 1,10~
- 1.% s
?
[ 3eick Vinad, clrculer Rin, southside 0,60 214 2.02 :i’: g‘g %0 :’g;g 1;:,2 hhf tahle in coral, sand Fonnth.
1 Betck 1ined, circuler Rla 0.60 N 0.9 - 1.0 1080 L12.T8 . L . .
8 Wik Nned, cleular  Rie, eastslde 0.0 2.00 0.9 1.8 Lo 0.18 o MIZB Cral band belew 1,480, Sand botten
; . sE * te . . 1.50 0.39 %0 0945 10,12.7 S .
s . = “ P . - - - - - - S-se hvse as well @
: 3 B .12,
10 Srick Mned, clraler  Rin, sastslds 159 0.80 1,58 b L i e ET Coral band below 1,250, Send bettee.
1. .18 g2,
M Sick aed, clrauler %, northatde 2.08 on 1.8 e by - Mn iR Coral band below 1,38, Sond Settos,
1.92 0,32 1145 4,12,
12 Brick 1ined, clrauler Rin, northside : 1.81 0.7 1.8 1.35 o 1000 1530 9_1;_: Coral band below jl.AZ-, Ssnd dotton.
s K 0.1 L1
n Concrete, circular Ria, eastside 0.65 2.9 1.5 2.15 :.75 o.‘: 500 ng ’.:;.75 Cors) band belov 1.6Aa, Sand bLattce,
‘ 21 1 15 - h12,
1% Fibro 1ined, square Ris, southvest corner 0,55 .4 0.%0 2.38 1.93 :‘: 20 :Z,; 932 foral band with sacd bott-e
2
1 _ Fibro Haed, square Ria, northesst corner 0.35 .34 1.20 24 ;:2: g:;g 70 :ﬁg ;::;:: dater cloudy and not used. Fatsr table In sand
2.5 0.19 AS LR
15 Fibro 11ned, square Rim, northeast corner 0.60 2.1 0,90 a.n 2-32 u.;e 550 ::]'.! 9:;: Coral dard delow 2.15a, Sand b:ttom,
2.4 .2 2.
17 Fideo 1%ned, square R, racthesst corner 0.65 2.69 0.8c 2,10 2'3: g‘" W ' ::?g 9:57!5, Cora) band below 2.17n. Sand botiem,
18 Betck 1ined, fibro top Ria 0.80 2.9 - - ;.ﬂ h 11415 4,12.79 -
)] 0.4¢ 130 A
19 Fibtea Vined, squere fMa, vestside 0,50 2.3 0,70 2,80 215 0.65 0 1100 o1 1 -
2.67 0.2 M5 LTS i
Cancrete, square Re, rorthside 0,70 3.00 0,75 2.9 2.5 0.8 1900 130 9.12.7 Coral below 2.51a, Sand bottom.
2,34 0.22 1500 8,12,
ks 'Conoah, square R1e, northuest corner 0.50 2,69 0.70 2.5 2.1 0.4 70 1015 Q."': -
1. M 70 045 17,
Rrick, square e, northeast corner 0.45 2.30 c.e0 2.5 1 ;17 g?] % 25,5 z:; g -
_ 1.6 0.24 570 040 5.12.7
4] Brick Yined, cleculer Rim, southside (] 2.2 1.0 1.9 150 045 1140 1515 PR -
n Srick Yned, clrculsr  Ris, southesst s1de 0,52 1.n on - 119 - nn fen 517,75 Coral band with sand bencath,
e Lined uith 44 o) dree - - - - - - . - - - Same houze »s vall 7%
; 1.50 0.3 750 oem 5.1°.75
pe} fitro Yined, square Rn, northuest corner 0.% 2,12 0.9 1.8 148 a3 2000 e TRTR. .
0.%9 f.3n no 930 5.12,
27 Comwste,creutar Rin 0.3 1.8 2.1 1.8 iy ol = . a .
"8 frick 1lnsd, cireaslar Rin 0.%0 2.8 . on - 1,5 - K] LLIY] 5.12.% -
1, 0, 6 950 A2,
20 Ak Waed, clrculer Bl 0.50 2.4 ¢.p0 1.82 . g e x. 4 .
n 1ined vith &4 qa]. drum “round level 0.n0 1.2 0.5% - 0.654 - 130 1000 5.12,7%

—-nh-u—---s—-—-.-'---ﬁ—
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vilt m, Type of voll Qafon of - Welght of datwn  Depth of well  Internsl dianeter L. Persured LR Conducttvity " (ot of Remarks
PoacLrenandy hova groved Teval below dalve of vel} datue t!'xm lf\ Vi deter tobl {aleramhes/cw) aevrrreoants
(s) =y Ly - hietia (820 Tne dote
) ) 24 11212 Decent & {eean tide evel)
k1] Srick Mned, clrcular 21s 0,50 1.9 0.80 - 1.9 - 00 1010 5.12.15 -
g ’ ¥ 8
32 Fibre Vtnad at top %te, northside 0,680 2,07 ¢.% 1.87 :'2; g':{; g ;ﬁ: ;':;"g Sand verlging corsd
: : 52 1020 $12:8
k1] Conerate Vined Rim, northvest ccreer 0,20 1,54 8.7 1.9 - 0.45 80 1500 9.12.% -
3 Seicklfned, square Ria, vestalde 9,60 2.2 2.5 1.9 :'g 2'3 g :zg 12:;': -
35 Brick Vinad, clrcular Rl 0.45 1.9 0.72 - 1.50 = 860 1950 5.12.75 s
6 Brick lined, square  flu, northuest corner 0.7 2% 0.8 1.9 1% oz e }}gg ‘3252 .
n fiteo 1ined, square M 0.80 2.4 1.00 “ 185 - 660 1o 51278 ' -
¥ Concrste pipe Riw, vestside 0.67 2.15 0.7 2,08 L i 4 na 1::;’; Cars) besd with sand belov.
3 Rrick Wned, clruler  Rin 0.50 2.8 0.80 - 1.5 - 0 110 5.12.75 -
: i 2
M Gelck top, squere, R, vestside 0.65 2.8 0.65 1.8 by oy b . e .
1ined vith & gellon . : * e
dran 3t bottos. .
M Brick Vined, cirelar  Rim 0.5 , . 0.65 - 2.9 - 60 150 5.42.75 =
Q Prick lned, circular RMa, eastside 2.7 .4 0.15 2.4 :3 gg 1‘.’: :022 13:;: Coral bend with ssnd below
Concrote. glpe st Toy,  Mi, nocthwest mornir 0.20 2.19 X ) 2.68 - - :;g 112l 1"’:§g -
drus below A2,
M Bick Mned, clrealer Rin, southside 0.35 nn 0.7 un I 4 i = 1:32 -
st top, drum below ' * - ot
S fitro Vined Ma, eastslde 0.65 2.5 0.7 248 e i ¥ b .
: : 2,39 : t :
W Fites lined R 0.8 2.51 0.6 . 2.6 b g; s ks SANE - Coral band vith sand below
AL Brlck Nined, clrauler  Rin _ 0.40 1.9 0.7 2.01 L s o i eie Coral bele 1.56e
A1 . - . - - - 1.88 148 047 580 s 912,75
1.1 0.36 540 1310 512,715
L Concrate pips, ctecular  Rin, northside . 0.37 M 1.20 2.14 1.521.65 0.61.0.A9 . - 121215 S (ldﬂ guctuntlm eattored
830 30 9.12.7 Fg.
1] Brick 1ined, circulsr fia, southside 0,5 1.82 0.80 . - 1.5 - §10 1320 5.12.15
50 flora lined, square Pin, westside 0.85 2.3 0.80 - .M - 630 1330 5.12.15
51 Concrete 1ined, circular s, vestside 0.60 2.5 0.60 - 1.90 - 6an 1380 5.12.75
7
52 Lined With dus M, eastside 0.9 2.32  Lom 2.36 g o = o O
_ 0 A2,
53 _Fibro 1ined, squere Riw, southside 0.80 2.3¢ 0.9 L Z'Tz l\f‘l: 2:% :Lmo 13:3'?
2 1R 5.12.
54 Concreta, ctrcular Rlw, northside 0.65 AL 0.7 2,00 :'ga i 10 :g :m 10 13 g
1.9 % m Y 12,7
S Concrete, clrcaler o, veststds om 2.1 s 162 el i i o
: , g 0, B4n " A2,
55 Brick lned, clrcular  %la, nonthstde 0.0 R 0.8 1.5 Ly o e g
B3] Fibro, square Riu, nerthstde 0.5 178 en 5 1.5 - 620 1440 5127
S8 Brick Yined, cirenler fin, northside 2.45 . 1.8 N - 1.4 - ] [ 1450 5.12.7% e
50 Prick 1ined, circular Rim, nerthside 0,7 714 .90 - 1.70 - 670 1500 5.12.1% i
1,78 8 L1 Y] 15 12, oy
Srtck llaed, cfrevlar  Rim, eastside 0.9 260 6.7 1.84 s 5: gi? :w ‘2;3 ,”5, :? 772 2
# rick, Squc - i .70 1.70 e T % 1.12 65¢ 152 5,127 Coral bard with sand below ‘



VAL W, Trse of vell Qrtue of Kelqht of datun Depth of well ‘Tnterns! dianeter L. Yeysured LS Conductivity [ate of Reaarks
PraTenenly ewe oround Tevel bator dotuw of vell d:"n abwc‘zt?n ¥.l. -Mer.:obl; (nlcrmhﬂ/cw) meysyrenents
v s tuvalls A sbove
() (.) (e} 35 11212 Dacester =) {wean thde Vevel) Hae dats
62 Brick 11ned, ctrcular e C.65 2,35 3.1 - 1.5 - [y} 1520 8.12.79
1,62 0.2 76C 1500 5.12.1%
X] .
63 Fitro, square Rim, southvest corner 0% 2.19 0.85 1.9 1% 042 850 1200 01778
64 Cesented brick,circular Fla 0.% 2.3 1.02 - 1.1 - 130 030 8.12.75 Coral band halov 1,75 )
2,2 0.50 600 0940 R12.75
65 Steel pipe, clrculer Ria 0.78 .16 0.88 2. 2,36 0.38 510 1000 917.75 Coral bard below 2.38 . Send bottos,
; PR 0.36 820 0950 8.12.75
H ? ¥
66 Concrete, ciroular Ma, southside 0.7 2.80 1.08 2,80 241 0.39 1m0 1045 9.12.75 Coral band belov 2.14 »
1.70 0.43 220 1000 8.12.75
67 Concrete, circvlar Rla 0.20 2.09 0.85 .13 1.€8 0.2 povs 1100 MA2.75
68 Brick 1ined, circular Ria 1.30 2.06 0.75 - 1.60 - 2200 1010 8.12.75
63 Brick 1ined, clrcular : Rin 0.4 2.2% 0.70 - 1.99 - 2000 1020 812,715
2,04 0.27 1950 1030 8.12.75
T Lined with 4 gal, drus Rim, esstside 0.50 2.39 0.58% . 210 0.21 840 1030 1A2T
(X1 0.48 1400 1040 8.12.75
R - roTe
! Fibro, rectangular s 0.80 209 2.64 2.3 0.93 50 005 1WALTS
1.82 0.32 880 0900 11.12.75
Brick 11ned, clrcular Ris, eastside 0.23 2,04 0.85 2.4 tn O.A2 1300 1050 81215
n Reick ined, clreular Ria 0.45 .83 0.75 - 1.82 - R 1100 £.12,75
2,08 0.4 1400 1110 8,12,
i Brick 11ned, circuler Rlw, southside 0.85 2,54 0.5 2.0 2.05 0.42 800 10 912,75
1.38 0.42 320 120 2,12, 75
k] Cementad brick, circular Ris, sastside 0.45 2.09 0.5 1.8 138 a2 720 1330 9.12.7%
B Sick Nined, clreulee  Rin, southstde 0.47 1.8 0.5 .8 o . o o LR Mwdpanlcomonted sand and coralibelow 1.
1.8 0.42 840 1180 B.12.15
9 .12,
™ Stae) 1ined Rim, southside 0.85 2.3 0.9 2.5 .70 0.35 1200 1500 10.12.75
1.5 0.8 890 1150 8.12.75
k(] Steel lned Rim, northside 0.85 .0 0.95 2,02 .72 0.30 70 1045 10.12.79 Coral hardpan below .68
1.19 0.83 1600 1208 8.12.715
9 Brick 1tned, circular Rim, ncrthside 0.47 1‘.81 0.80 1.62 1 0.38 1100 M5 10.12.75
80 Brick 11ned, clreulaor Ris, northside n.65 2.9 0.75 - 1,45 - 800 1210 8.12.75 Coral band below 1.5
1.35 0.40 900 1220 8.12.75
8 Fibro 1ined, square Ra, southwest corner .41 1.99 0.90 1.7 138 0.37 1700 1315 10.12.7
1.45 0.4 %0 1230 8,12,75
8 Fibro Yined, square Ris, northvest corner 0.60 1.0 0.85 1.88 149 0.39 1200 1330 10.12.75 Cora) belov 1,438
" 1.5 0.40 680 1240 812,75
[:<] Coménted brick, circular Ria, vest side 0,80 1.8 0,80 1.5 T 0.38 720 1315 1012.75 v
8 Brick 1ined, circular 2w 0,46 1.67 0.80 - 1.7 - 00 1750 R.12.75 foral belov 1,108
85 - Rin 0.50 1.0 - - 1,23 - 800 1300 2.12.75 Coral belov 1.2%. Sand bottoe,
86 Concrete, clrcular R 0.85 2.06 0.75 - 1.50 - 680 7o 8.12.75 Coral below 1.56a, Sand bottos.
34 Concrete, circuler Rim 2.5 1.1 1.03 - 1.03 - 8A0 1320 2.12.75 Cora) balow 1,03, Sand bottoe,
88 Lined vith AL ga),drus Rin 0.15 1.35 0.5 - 0.85 - 900 1130 8.12.7%
89 Arick lined, clreuler Qe 020 1149 0.80 - 6,92 - 510 1170 2.12.75
20 Rrick 1ined, circular Qs 0.45 2.18 0.80 - 1.4 - 750 1340 8.12.75
] Cemented brick, circular Ris 0,50 2.18 0.80 - 1.8 - 50 1350 8,172,715 Caral balow 1,34
92 Concrete plpe Lil ] 1.00 2.8 0.7 - 1.89 - 130 1400 8.12.75
93 Concrete plipe Rla 0.62 2.2 0.75 - 1.4 - 730 1400 8.12,75 Coral belov 1,678
9 3r1ck Hned = - - - = - = 540 Wo 812,75
9 Concrete pipe Rim =0.20 1.64 0.75 - 1.34 - 650 1420 812,75



ueLL 8C. Tyce of vell Dabum of Yelght of datum Je, th of veil Interns) disester R.L. Moasured P.1; Conductivity Tate of Paverks
neasuresents above ground evel helow datua cf well dotum above 'TL LA viter tabie {n) croshos/ce)} aeasureme-te
(a) () () nl‘-‘l%. o) (' & sbove K3} tiea date
% Concrate pipe R, northside 0,80 2.3 1.05 211 i s pad . Cam Coral belou 1,66m
o Beick 1¥ned, circular Qe 0.55 1.686 0.9 - 1.08 - 130 1430 B.12.75
1] Brick 1ined Rie - 1.46 - - 1.19 - - 1M0 812,715 Disusad
] Brick Vined, clrcular MNs 0.56 2,10 1.00 - 1.2 - 450 1450 8.12.15
100 Brick 1ined, clrcular e 0.0 T 0.75 - 1.3 - ™ 1500 £.12.75
10 Brick Tined, circular My 2.3 1.4 0.85 - c.8% - %0 1500 B.12.75
102 Brick lined, cireular kil 0.50 1.79 0.88 - 1.4 - 760 1510 812.15
10 Brick vith steel llner  Rin ) 0.55 1.8 137 - 1.26 - ne 1520 8.12.75
104 Comented brick fs 0.63 2.4 1.8 - 1.8 - 820 1530. 8,12.75 Electric puap =~ Residence supply
105 Cenented pipe Ll 2.7 2.19 1.05 - 1.52 - 700 1530 81275
108 Covented brick Re 0,55 1.59 0.80 - 1.09 - 620 1540 R12.75
M Ak, crale a1 0.43 15 1.00 - e e 45 e LR

108 Brick, clrcular Ra 0,60 ' 1.89 0,80 1.49 1.0 0.48 ™ 1600 e.12.15 Flectric pump- supply for annagerts hou




(Informztion from CSIRO Division of Fisheries
Cronulla, NSW)

AVYPENDIX 2.

MONTHLY TIDE LLVELS, WEST ISLAND, 1968-71

& Oceancrradvhy,

i
|
|
Year Month Monthly Highest Monthly Lowest . Monthly Mean
High Water Low Water Sea Level '
(m) (m) (m)

1968  April 1.41 0.13 0.67 .
May 1.47 0.13 0.67 .

June 1.59 0.31 0.83
July 1.59 0.34 0.83 '

August 1.51 0.35 0.87
September 1.55 0.45 0.91 '/

October 1.65 0.40 0.90
November 1.77 0.40 0.97 12 days missing l
December 1.71 0.37 0.93 9 days missing '
1969 January 1.49 0.21 0.80 8 days missing |
February 1.54 0.35 0.86 .

March | 1.33 0.26 0.75
April 1.45 0.23 0.79 '
May 1.61 0.33 0.85 '

June 1.64 0.30 0.84
July 1.71 0.42 0.97 I

August 1.65 0.43 0.99
September 1.62 0.46 0.97 '
October 1.63 0.54 0.98 .
November 1.67 0.36 1.19 il
December 1.88 0.54 1.01 I

1970 January 1.66 0.44 0.87
February - 1.64 0.30 0.81 l
March 1.41 0.24 0.81 I
|



1971

April

May

June

July
August
September
October
November
December

January

APPELDIX 2 (continued)

1.41

0.29
0.24
0.25
0.34
0.45
0.52
0.58
0.37
0.41

0.50

0.78
0.78
0.82
0.84

0095

Gauge was on the Jetty at the north end of West Island.

Datum is a plane 2.41 m below "Dr Bradfield's Bench Mark".

7 days missing



APPENDIX 3

JBST ISLAND @ DGHTHLY AlD ¥oaul¥ LAIEFALL (4n mm)

Jal P58 VAR APR NAY JuN JUL AUS IOt 0cT ROV DIC  ANNUAI
1901 - - - - - - - - - - - 199 -
1202 236 157 137 315 51 75 216 I 18 8 39 29 139¢
1903 13C en 157 218 109 458 213 48 87 35 479 20 2047
1974 382 78 11 533 328 38 322 177 21 4 54 50 200¢
1095 12 176 548 298 383 267 213 46 19 57 5 5 2Ces
1006 106 &6 169 39 205 £30 257 199 151 250 24 65 1662
1907 54 252 284 136 118 247 158 99 48 5 14 44% 185"
1908 5% 304 316 58 89 136 - 886 96 26 93 162 ac 240"
1909 27 172 95 365 324 261 365 41 542 102 61 A8 240
191¢C 247 189 174 278 96 176 361 289 97 816 - 241 19 291¢
1911 63 . 170 225 319 172 320 145 79 265 46 13 333 2154
1912 8¢ 3G2 201 245 288 240 17 107 103 79 349 1c2 216t
1913 221 50 T14 221 7C 244 154 233 40 41 40 72 210t
1914 A2 a3 293 213 77 39 302 130 26 ‘ - - - -
1915 - - - - - - - - - - - - -
1916 135 326 260 212 542 368 273 359 16 120 110 168 280
1917 54 283 263 135 148 275 559 161 19 96 190 167 34¢
1918 172 152 170 88 136 £8 31 62 50 36 40 74 110
1919 19 75 124 287 564 350 61 54 417 57 158 95 226
1920 225 216 165 155 106 161 127 425 59 46 65 f2ta) 18¢¢
1921 196 27¢ 409 175 61 235 146 116 100 5T 58 239 200¢
1922 172 222 94 237 190 162 81 47 14 35 27 512 179
1923 3 75 310 378 104 109 86 95 93 22 0 46 132,
1924 18 175 207 201 320 442 246 124 81 31 118 6 197¢
1925 226 487 103 146 552 165 439 40 24 27 17 67 229
1926 a7 264 123 476 121 95 167 85 12 18 87 25 157
1927 556 168 308 431 75 165 523 100 190 38 76 3 243,
1928 95 T3 255 - 396 75 346 59 66 11 292 57 227 196,
1929 18 114 179 168 249 367 273 42 32 5 12 75 153
1930 286 61 150 204 183 - 213 313 49 42. 15 50 37 160’
1931 12 37 90 357 281 208 95 107 168 82 24 160 171.
1932 108 65 172 234 63 251 148 258 46 1 129 28 160
1933 290 104 174 194 255 419 125 54 65 170 490 126 252
1034 216 164 150 576 19 211 106 50 87 8 114 112 187
1935 e 66C 87 131 16 155 42 29 14 8 20 141 13&.
1936 204 265 327 259 166 192 176 123 . 47 189 137 108 220
1837 3% 50 166 275 243 173 65 206 18 14 100 1 139.
1938 a4 255 323 333 315 192 224 232 5 9 164 75 2221
1439 1599 232 213 574 208 34 48 a8 40 145 262 %319 237

- S =) " S s e AR U A W 9 9 W T W S a8 E ms



JAH FiB BAR AFR MAY JUN JUL AUG SEP OCT NOV DiC ANNUAL
1540 66 340 210 78 126 74 374 59 41 12 8 68 1471
1241 70 1057 110 258 407 362 176 67 404 54 33 106 2149
1942 266 234 205 207 74 306 202 82 862 %22 58 27 3288
1943 32 164 333 89 284 408 220 183 119 120 294 94 2900
1944 134 136 1C6 288 113 198 94 66 16 58 78 71 1359
1945 137 231 555 119 23 82 0 50 27 8 218 183 1573
1946 55 379 490 - 280 370 279 62 63 1 B & -
1947 214 279 325 413 209 148 226 222 70 72 19 49 2244
1948 % 359 77 405 111 339 268 106 21 4 91 244 2218
1949 7 436 286 284 243 197 57 73 8 28 177 42 1838
1950 182 242 262 210 69 416 207 16 83 289 140 5 2121
1951 152 223 215 383 189 210 442 184 15 59 15 73 2160
1952 107 14 138 143 261 55 226 122 103 148 50 87 -
1953 222 96 84 209 42 132 172 141 24 14 - 38 13 1186
1954 .134 25 247 . 40 165 237 158 107 65 49 373 368 1967
1955 139 - 182 84 215 185 265 643 468 120 512 182 61 3054
1956 213 97 189 316 646 388 234 378 46 230 73 32 2858
1957 373 168 219 21 311 80 218 286 16 9 11 40 1751
1958 25 102 225 172 123 216 304 101 96 152 63 117 1696
1959 123 206 250 121 80 121 177 61 31 134 3 20 1327
1960 339 1C6 251 551 308 203 377 192 213 21 129 221 2910
1961 138 372 39 384 38 88 87 34 15 38 21 15 1268
1962 90 149 87 123 42 120 209 81 76 41 135 119 1273
1963 140 267 349 108 - 78 230 150 50 28 53 10 7 1470
1964 189 224 196 129 300 290 146 113 27 63 25 191 1692
1665 561 191 107 104 124 206 124 164 46 37 45 146 1854
1966 250 121 336 28% 156 176 96 32 27 10 90 447 2024
1967 178 132 295 346 68 211 110 86 24 9 31 270 1759
1958 487 135 630 250 56 89 152 177 142 99 27 214 2458
1969 183 72 181 385 263 99 108 48 75 4 9 100 1494
1970 307 301 269 406 98 196 221 234 185 51 284 21 2764
1971 404 352 387 301 185 116 295 60 244 66 89 33 - 2601
1672 120 126 195 184 174 647 99 192 25 54 48 34 1878
1973 72 94 79 385 354 172 300 456 197 80 575 275 3041
1974 155 19¢ 109 479 203 109 388 196 129 196 119 100 2382
1975 348 189 302 210 390 298 384 62 251 61 199 - e

EaNS Al heDIANS FOR TLE PsiIOD 1901 TO 1973 USING ALL AVAILABLE DaTA

ESAN hoINFALL (EM)  JAN P23 MAR APR lAY JUN JUL ATUG SEP OCT oV DAC YSAR

167 196 232 252 186 222 214 127 95 86 a9 124 2009
WBDTAN RaIWFALL(KM) 138 174 210 234 165 207 177 98 47 46 58 6 1986
NO.CF itmIbFall, 0OBS. 71 70 70 69 70 70 70 70 70 69 69 70 66



APPENDIX 4

TIDAL PREDICTIONS, PORT REFUGE, DECEMEER 1975

DTECEMBER Pime(hrs) Height(m) DECEMEER Time(hrs) Height(m)
4 0006 0.3 5 0046 0.3
0542 0.8 0623 0.8
1108 0.4 1148 0.4
1754 1.3 1843 1.3
6 0125 0.3 1 0202 0.3
0703 0.6 0743 0.8
1227 0.4 1308 0.4
1915 1.2 1949 1.2
8 0239 0.4 9 0316 0.4
0825 0.8 0910 0.8
1350 0.4 1436 0.5
2026 1.1 2105 1.1
10 0355 0.4 11 0436 0.4
1001 0.8 1059 0.9
1530 0.5 1635 0.6
2149 1.0 2238 0.8
12 0522 0.4 13 0612 0.4
1201 0.9 1304 0.9
1756 0.6 1922 0.6
2339 0.9
14 0050 0.8 15 0203 0.8
0704 0.4 0756 0.4
1401 1.0 1452 141
2038 0.5 2139 0.5
16 0308 0.8
0846 0.4
| 1538 1.1
2231 0.4
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