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Chairman’s Message

Drought and floods are getting an increasing
media coverage. The world is awash with reports
on them. However the amount of money in
collecting basic data is dwindling. Sections that
used to do a wonderful job in maintaining and
operating data collection facilities have been
decimated. The need to collect information on
water resources needs to be given a high priority
by government departmenis and catchment
boards. Funds need to be directed so that
researchers and data collectors can both collect
and analyse water quality and quantity
information. Value can be added to the data if
analysts are given sufficient funds either in the
form of postgraduate scholarships for academic
institutions and employment of young graduates
in government and consulting firms.

The quality of the information that is being
archived also needs to be examined. As a
variety of collectors are employed the variation in
both quality and quantity data is increasing.
Users of this information should be concerned at
the quality of the data but generally a user is just
happy to have a bit of data. Is that satisfactory?
| think not and there needs to be a much more
concerted effort at bringing common standards
into data collecting agencies and groups. The
elimination of funding for any gauging stations
needs to be rigorously examined. The high cost-
benefit nature of hydrological information has
been proved in a number of studies. Let us get
the value from our data.

The ENSO continues onwards ensuring drought
persists in the eastern states. The rainfall in SA
however appears to be linked to both the Indian
and Pacific Ocean Sea surface temperatures.
Funding investigations on these relationships is
surely needed. The local media needs to
become correctly informed about how best can
we improve the lot of the farmer trying to make

PRIZES FOR HYDSOC ARTICLES

Prlzes of $ 50 for the best artlcles in
Aqua  Australis not publlshed
elsewhere have been awarded to

Peter Smlth Letter from Chlle and
David Kermch tforlitre

Water resources accounting

The Australian Bureau of Statistics
has sought comments on a
proposed methodology of water
resource accounting as part of the
National Land and Water Audit. The
methodology appears similar to
financial accounting: the resource is
valued as that in storage at the
accounting year end, plus that used
(consumptively), with adjustments
for changes in measurement
technology as years progress (the
inaccuracies in estimating
ungauged entrapment alone may
swamp the  validity of the
assessment).

This methodology does not seem to
address the fundamental needs of
natural resource accounting,
namely to attach a value beyond
the consumptive use. What is the
value of water to maintain
biodiversity? What value are water-
related aesthetics and recreational
activities? Should a non-
anthropocentric approach to valuing
water flows be taken?

Anyone who thinks the Hydrological
Society should have an opinion on
water resource accounting should
contact the editor on tel (08) 8204
9129; fax (08) 8204 9144.

decisions on seeding, how best to save pumping
costs by water supply operators by streamflow
and water quality prediction, how best to restrict
flood damage by comprehensive flood
forecasting, how best to improve water quality
from urban catchments........... data would be
helpful.

Trevor Daniel
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THE OLARY FLOODS - FEBRUARY 1997

David Kemp, Senior Stormwater Engineer, Department of Transport;
tel (08) 8343 2534; fax (08) 8343 2747, email: kemp@roads.sa.gov.au and

Trevor Daniell, Senior Lecturer, Department of Civil and Environmental Engineering, The
University of Adelaide; tel (08) 8303 5454; fax (08) 8303 4359, email: tdaniell@civeng.adelaide.edu.au

1. introduction

Early February 1997 saw the occurrence
of heavy rainfalls spread over a wide area
of South Australia’s north. In some areas
the rainfall produced extremely large
floods. One of the worst hit areas was
near Olary, on the road to Broken Hill.

Extreme rainfall occurred, with falls of up
to 330mm in three days, and in one 6
hour period on Friday 7 February up to
200mm of rainfall occurred. The rain
produced floods that washed away long
sections of the railway and inundated long
sections of the road. Damages reported
were of the order of $6m to repair the
railway and $1.5m for the road. Damage
to rural infrastructure was also significant.

The rainfall was caused by a tropical air
mass that spread over much of South
Australia for a number of days. The
atmosphere was very unstable and
thunderstorms were the main rain
producer. Consequently the event was
characterised by very localised, very
intense rain episodes. By contrast the
1089 floods occurred as a monsoon low
which tracked quite rapidly across the
state. It rained at a fairly steady rate over
large areas, with a long duration (up to 24
hours).

2. Rainfall

Figures 1 and 2 show the estimated peak
6 hour and total 3 day rainfall in the Olary
Creek catchment near Olary. The
catchment shown covers an area of
approximately 1700km?.

From Figure 1 the largest six hour rainfali
recorded was 217mm, equating to an
average intensity of approximately 36
mm/h. This is more than twice the
estimated 500 year Average Recurrence
Interval (ARI) rainfall at this location using
the procedures from Australian Rainfall
and Runoff. Australian Rainfall and
Runoff procedures indicate that the
intensity is probably in excess of 10,000

years ARI, but the accuracy of the
recurrence interval of these extreme
events is very doubtful. This can be seen
in Figure 3.
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Figure 1: Estimated Rainfall (mm) for 6 h
duration on 7th February 1997 (needs further
verification)
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Figure 2: Estimated Total Rainfall (mm) for
Event 6-8"" February 1997. Arrows indicate
flow paths.
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Olary Intensity Frequency Duration Curve
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Figure 3: Comparison of ARI from AR&R and
Rainfall at Olary for 6 h and 24 h

The rainfall can be compared with the
Probable Maximum Precipitation (PMP).

Probable Maximum Precipitation (PMP) is
defined by the Manual for Estimation of
Probable Maximum Precipitation (1) as:

"...the greatest depth of precipitation for a
given duration meteorologically possible
for a given size storm area at a particular
location at a particular time of the year,
with no allowance made for long-term
climatic trends.”

Over an area of 1000km? (the maximum
area for which PMP can be estimated by
the procedures contained in Builetin 53 of
the Bureau of Meteorology) the mean
rainfall depth of the 6 h PMP storm is
360mm. This can be compared with the
mean rainfall in the Olary Creek
catchment of approximately 180mm.

The depth-area relationship of the rainfall
can also be compared with those in
Australian Rainfall and Runoff. The
relationship in Australian Rainfall and
Runoff was derived from US data, and
recommends different relationships for
humid and arid areas. The Olary area
lies within the arid area as defined in
Australian Rainfall and Runoff.

Figure 4 shows the relationship derived
for the Olary storm. It can be seen that
the relationship lies very close to the
humid area relationship of Australian
Rainfall and Runoff. If this event is
typical of large storm events in Australia’s
arid areas then the use of the American
derived arid area relationship in

Australian Rainfall and Runoff must be
questioned.

Figure 4: Rainfall Depth - Area Relationship
3. Runoff

The peak flow that occurred in Olary
Creek as a result of this storm has been
estimated. A cross section just south of
Olary was surveyed as were debris
marks for an estimate of the flood water
surface slope.

This work indicated a peak flow of the
order of 5600 m%/sec at Eringa Rd for
Wiawera Creek. A Manning n value of
0.04 was used for the estimate which
gave velocities of the order of 1.8 m/sec,
with a channel grade of 0.2%. All
vegetation was stripped from the bed of
the flood plain as were all overhanging
branches of eucalypts along the main
river channel. Both these observations
indicated high velocities in the flood plain
and river channel, as did the extreme
damage to man made structures in the
flood plain.

It must be noted that small changes in
flood level of say 0.3 metre can change
the estimate of flow by 15-20%.

Information regarding water levels over
time at Wiawera Station was used to
estimate an event hydrograph (see
Figure 5). At Wiawera Homestead on
Olary Creek the flow was estimated to be
5500 m®/sec. The hydrograph indicated a
mean runoff depth of 125mm, which can
be considered reasonable, given the
mean catchment rainfall.
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The estimated flow of 5600 m®/sec can
be compared with the PMF (Probable
Maximum Flow). A quick method of
deriving PMF as outlined by Nathan et al
(2) gives a flow of 9700 m*/sec.

It is useful also to compare these flows
with estimates for a river closer to
Adelaide. The Gawler River has an
estimated 100 year ARI| flow of 420
m°/sec, from a catchment area of 1070
kmZ2 If the Olary Creek flow is factored to
account for the different catchment area
then the flow in the Gawler River would
have been of the order of 4600 m®/sec, in
other words more than 10 times the 100
year ARI flow. A flow of this order in the
Gawler River would have been
catastrophic. However the
meteorologists tell us that it is possible
for a storm such as the Olary storm to
occur on the Gawler River catchment.

We are fortunate that the episodes of
extreme rainfall in the north over the last
decade (1989 and 1997) have not
extended further south to the catchments
near Adelaide.

4. Runoff Modelling

To determine whether the derived
hydrograph was a reasonable estimate it
was decided to model the event using a
runoff routing model. The chosen model
is the RRR model as described by Kemp

).

This model has the advantage in that it
can handie several runoff processes
occurring  simultaneously  on the
catchment, which no other runoff routing
model can do. Examination of the
hydrograph reveals a very sharp peak
near the start of the runoff, with a long talil
over several days. This is indicative of
more than one process occurring.

The RRR model splits the modelled
storage within the catchment between
runoff processes that occur as water
moves towards channels and the channel
storage itself. Any number of runoff
processes can contribute to the channels.
Each process has an initial loss, a
continuing loss and a storage parameter
k,. The channel has a storage parameter

k. It is assumed that the channel storage
is linear (lag does not vary with flow)
whereas the process storages are
generally non-linear, with the lag due to
the storage varying with the flow through
the storage.

In order to compare storage parameters
from catchment to catchment two
generalised  parameters  must be
introduced. The first is the channel
characteristic velocity, v, which is related
to the channel storage parameter k by
the following relationship:

_a
(36 k)

Ve =

where

V. is the channel characteristic flood
wave velocity (m/sec)

d s the longest flow path length in the
catchment (km)

k is the channel storage parameter (h)

The second is a series of catchment
characteristic lag parameters, ¢,. These
are related to the runoff storage parameter
ko (for each of the runoff processes) by the
following relationship:

c, =k, A"

where
A is the catchment or sub-catchment
area (km®)

m is the exponent in the storage -
equation S = 3600k,Q"

Given the lack of pluviometer data
several assumptions must be made
regarding the rainfall applied to the
model. The assumptions were as
follows:

e 6 hour duration storm

e 180mm mean catchment rainfall

e temporal pattern as for a 6 hour storm,
zone 6 of Australian Rainfall & Runoff

The calibrated model parameters are as
follows:

For the channel:

k = 0.5, giving

ve=3.9 m/sec

For the runoff processes (two of
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which were identified):

Process | Initial | Continuing [k, |c,
Loss | Loss

(mm) | (prop)

1 30 0.43 6 [14
2 80 0.43 0 [na.

The estimated hydrograph and the RRR
model fit are shown on Figure 5.

Comparison of these results with the
results of the calibration of the RRR
model on other catchments in South
Australia indicate that these calibrated
parameters lie within the expected
bounds. The characteristic channel
velocity v, is higher than expected, but
this may be due to the mismatch in the
actual and assumed temporal pattern.
The process 1 ¢, is similar to that
associated with base flow in other
catchments. The proportional loss is
lower than for events calibrated on other
catchments, but this can be expected
given the extreme rainfall.

Olary Flood Hydrograph Feb 7-9

0 10 20 30 40
Time (h)

Figure 5: The derived hydrograph and the
RRR model fit

Of interest is the second process
modelled, where the process storage
parameter k, is zero. Zero process
storage indicates overland flow is
occurring, the catchment storage then
being effectively that of the channel
system.

Video taken from the verandah of the
Olary Hotel reinforces the fact that
overland flow is occurring, as it can be
seen that the whole of the ground surface
is covered by flowing water. This

assumption was .also validated by
inspection of some of the hillside slopes.

It is thought that overland flow does not
occur frequently in catchments, but may
occur more in arid areas. However in
extreme events the Gawler River
catchment may produce overland flow,
with a subsequent marked increase in
peak outflow from the catchment for the
same rainfall input.

If this is the case then “normal’
catchment behaviour should not be used
to extrapolate to extreme events.

5. Issues

Several issues can be raised as a result
of the investigation of the Olary floods.

The reliable estimation of rainfall and
stream flows resulting from a storm event
such as this is very difficult, and with
current technology will not improve.
Flows within the catchment would have
been sufficient to wash most stream
gauging stations away. A pluviometer or
two would be useful, but these have been
known to become submerged during
extreme events, and stop recording as
indeed was one of the manually read
gauges. Manually read rain gauges do
not provide a complete picture, as the
network is generally sparse and normally
not read frequently enough during
extreme events, when emergencies are
happening.

The ARI of the storm rainfall and resulting
flow will remain a very broad estimate, as
these events occur so rarely.

Analysis of the depth-area relationship for
the Olary storm indicates that the
relationship to be used for design
purposes should be the humid area
relationship of Australian Rainfall and
Runoff, not the arid area. This is
reinforced when it is considered that the
1997 rainfall was localised, not general
rain as in 1989.

The investigation of the event indicates
that the Olary Creek catchment
experienced overland flow, resulting in
much higher peak flows than would occur
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with more frequently occurring
“normal” processes. It is possible that
any catchment may change its
behaviour with extreme rainfall, and
produce flows well in excess of those
predicted with currently available runoff
routing models, or flood frequency
analysis of “normal” events.

Finally we should not be complacent
regarding catchments in the more
settled areas of the state. There is no
meteorological reason why such
rainfall could not occur near or over
Adelaide, or physical reason why
catchments near Adelaide would not
behave like the Olary Creek catchment
under extreme rainfall.
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Recharge dams in Oman

Vincent Kotwicki
email: kotwicki@gto.net.om

Many arid countries, including
countries of the Arabian Peninsula
depend on desalination for
augmentation of their meagre water
resources. The desalination s
indispensable when it comes to a
guaranteed supply of water at a cost.
However, technologies which lead to
more efficient use of natural water
resources should not be overlooked.
Groundwater recharge is one of the
most effective tools in this regard.

In hot and arid climates evaporation
can exceed rainfall by several orders
of magnitude. Surface storage of
infrequent floodwaters in such a
situation is impractical due to large
evaporation losses. It is better to store
them underground. In many countries,
including the Sultanate of Oman,
groundwater has been over-exploited
in many aquifers, especially after the
appearance of powerful pumps. As a
result, depletion of groundwater has
occurred in many areas and in several
parts of the country the resulting sea
water intrusion in coastal areas has
become a problem. On the other hand,
during rain events, a large part of
surface water flows are quickly drained
to the sea or desert. To minimise these
losses, which could play in important
role for the replenishment of ground
water, the Government of the
Sultanate of Oman undertook a
program for the construction of
recharge dams as well as some other
small retention and water conservation
schemes.

The Sultanate of Oman is situated in
the south-eastern corner of the
Arabian Peninsula. It is characterised
by an arid climate, with hot and dry
summers and mild winters, except the
region in the south of the country
which is effected by monsoon climate
during the month of June to
September.

The northern part of Oman is mostly
mountainous. The massifs of Al Hajar
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Al Gharbi and Al Hajar Al Sharqui are
the source of run-off after rains, either
toward the sea or the desert. The
Sultanate receives, on average, 100
mm rainfall per year, ranging from
some 350 mm in the mountains to 10
mm in the desert. The evaporation
ranges from 1700 to 3000 mm. There
are no permanent rivers: some wadis
flow occasionally to the sea during
floods, usually lasting several hours,
every few years.

The recharge dams in the Sultanate of
Oman are located on wadi gravel
deposits, with the objective of retaining
floods and allowing increased
infiltration into the gravel aquifer, by
slow releases into the downstream
wadi channel. The period of water
detention in the reservoir is usually
less than 14 days, which is dictated by
health requirements (limiting mosquito
breeding).

The types of dams are governed
principally by the  construction
materials  available.  Thus, the
structures are typically in the form of
permeable sand and gravel
embankment dams with gabion
mattress protection upstream, or a
gabion weir type structure.

An average recharge dam in Oman
drains an area of 550 square
kilometres, and has a crest 3400 m
long and 10 m high. Iits spillway is
designed to pass 0.5 of Probable
Maximum Flood, which, in this area,
has a very high value of 20-30 cubic
metres per second per square
kilometre of the catchment.

Due to topography, recharge dams
have relatively small  capacity
reservoirs, ranging from 0.13 to 17.5
million cubic metres. On average, the
capital cost of storage is $A 2.00 per
cubic metre.

Contrary to popular belief, recharge
mainly occurs not in the reservoir,
which quickly becomes silted: the
reservoir bed becomes sealed, and the
recharge through the bed becomes
low. However, water released from the

reservoir is already settled, and with
easiness infiltrates into gravel aquifers
downstream of the dam.

Each dam which has an ungated
spillway reduces the incoming flood
peak. How much the peak is reduced
depends on size of the reservoir and
the magnitude of the flood. The current
tendency is to design storages which
are able to contain a flood which can
occur, on average, once every five to
ten years.

Most of the cost associated with the
operation of the recharge scheme is
the capital expenditure for construction
of the recharge scheme. Maintenance
costs on average amount to some 3%
of capital costs annualised over 30
years.

The overall cost of one cubic metre of
water captured by recharge dams is
$A 0.20. This compares favourably
with the unit cost of desalinated water,
which is the only available alternative
source of additional water in the
Sultanate. These costs are $A 2.50
per cubic metre at a discount rate of

7%, with $A 150 due to direct

operational costs and $A 1.00 due to
capital costs.

It is impractical, or even difficult, to
construct recharge dams which would
intercept every flood that may occur.
During the investigated period, 1985-
1997, some 500 million cubic metres of
water was lost to the sea, compared to
370 million cubic metres retained in
recharge dams.

Several data collection and modelling
studies determined that the actual
recharge is some 75% of water stored
in the dam, which is of the order of
magnitude suggested by the feasibility
studies. A number of evaluating
studies completed recently have
demonstrated that the recharge dams
serve their purpose well and contribute
to the harmonious development of the
country.
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WATER RESOURCES ACT 1997

Fraser Bell, Partner and Anthony Sergi, Solicitor

Finlaysons GPO Box 1244 Adelaide SA 5001; Tel (08) 8235 7400; fax (08) 8232 2944

The Water Resources Act 1997 (SA) (the
Act) came into operation in South Australia
on 2 July, 1997. This article will focus on
issues arising from the system of
registration of water licences introduced by
the Act.

The Act abolishes the common law rights
known as "Riparian Rights" throughout the
State and replaces them with a statutory
right to draw water. The Act continues the
notion of a prescribed watercourse, lake or
well and creates the concept of a surface
water prescribed area. In each case, a
person needs a water licence to draw
water. (In addition, the Act provides that a
person must not perform certain "water
related" activities such as the construction
of dams, the draining of water from a well
or the construction of a well, unless the
person holds a permit to do so).

The Act provides that a Minister may grant
a water licence to a person to take water.
The licence must set out from which water
resource the water is to be taken, and it
must also state the water allocation which
attaches to the licence. This concept of a
water allocation is new to the 1997 Act.

For the purposes of the Act, a water
licence is "personal property" which vests
in the licensee. This means that a licensee
is able to grant security over the water
licence to a financial institution so that
finance may be obtained.

The type and nature of security granted by
a licensee will depend largely upon
whether the licensee is an individual or a
company.

The Act introduces a Register of Licences
(and permits) which is to be maintained by
the Minister. The Register contains such
information as the Minister thinks fit.

The Minister must, on an application by the
holder of a licence (and payment of a
prescribed fee), note on the Register the
name of a person who has an interest in
the licence or the water allocation of the
licence and the nature of that interest. This
has the effect of providing a system of

registration of security interests.

To transfer either a water licence or a
water allocation of a licence, Ministerial
consent is required. The effect of having
an interest noted on the Register is that the
Minister is prevented from transferring the
water licence or the water allocation of the
licence without the written consent of the
person whose interest has been noted.

This would provide some comfort to
financial institutions that a water licence or
allocation is transferable without its
knowledge and consent.

The Act however, is unclear as to what
constitutes an interest in a licence.

When the Water Resources Bill was before
Parliament, The Minister for Environment
and Natural Resources stated that "the bill
allows full transferability of both licences
and water allocations endorsed on them. It
also creates a register of licences through
which third party interests in a water
licence (such as the interest of
mortgagors) can be protected and through
which an effective market in water
allocations can evolve".

It is likely that, over time, both the water
licence and the water allocation attached to
a licence will become valuable assets to
which security may be granted by a
licensee. The writers believe a market for
the trading of water licences is just around
the corner.

The writers expect that water licences and
water allocations will become extremely
valuable and important assets to sectors of
the South Australian Agricultural Industry.
When one considers the rate of expansion
of the wine industry in South Australia and
the need for water to irrigate vineyards, a
distinct commercial advantage is likely to
rest with a grape producer who also holds
a water licence and water allocation. ltis
expected that financial institutions will
recognise the significant value of a water
licence.
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One country, two systems

Saline water use in toilet flushlng lh Hong Kong and its relevance to arld Austraha o

Bart van der Wel, tel (08) 8204 9129; email bvanderwel@denr.sa.gov.au

Hong Kong has a population 6.3 million
and an average annual rainfall 2.2 m, and
one might wonder how its water supply
could provide lessons for arid area South
Australia, population 0.15 million, rainfall
0.2m.

Since the late 1950s, Hong Kong has had
two systems of water supply: one for
supplying seawater for toilet flushing and
another for fresh water for other in-house
uses. This could have application in the
use of saline groundwater in arid areas.
Offset against this is that the use of
seawater renders the sewage unsuitable
for reuse, and disposal in septic tank
soakage systems may cause salinisation.

Another innovation in Hong Kong has been
to form a reservoir out of the sea by
constructing a dam between two
peninsulas and removing the seawater
(constructed 1968). A similar proposal has
been suggested to dam part of saline lakes
in arid areas. Desalination was tried in
Hong Kong, but abandoned after 7 years.

Hong Kong’'s water rate structure is
equitable and encourages conservation.

Margaret Thatcher handed Hong Kong
over to the mainland Chinese, because
she had perceived that its government only
had to turn off the taps to bring Hong Kong
to its knees. 70% of water to Hong Kong is
imported from the mainland, the rest from
local reservoirs. With the establishment in
the 1980s of an Environment Protection
Department (EPD), the rate of increase in
water use has reduced as polluting
industries have moved across the border
to the less stringent environmental
requirements of the Special Economic
Zone of Shenzhen.

Consumption of water in Hong Kong is:

e fresh: 115 L/person.day (domestic)

e seawater: 101 L/person.day (including
non-domestic)

This compares to Adelaide’s domestic

consumption of 350 L/p.day. Unlike South

Australia, annual consumption in Hong

Kong is not highly correlated to annual
rainfall, as most people live in high rise
flats without gardens.

70 % of Hong Kong is reticulated with
seawater. The seawater is screened and
chlorinated, much by electrolysis, because
the EPD objects to the location of
chlorination plants in the urban area, and
ozonisation and ultraviolet light do not
provide the residual required after storage
in-house roof or sump tanks. The seawater
is reticulated through ductile iron or
concrete lined mild steel pipes with a
minimum separation of 300 mm from the
fresh water main. Inside the building, PVC
piping is used for the seawater. Because
the seawater is pumped up to service
tanks which are at different elevations to
the fresh water tanks, the pressures in the
two reticulation systems are different.
Inside the apartment blocks the water is
stored in tanks to prevent backflow. A tank
is not mandatory for the fresh water
supply, but encouraged.

The use of seawater is mandatory in
toilets, which are single flush 7.5L to 15L.
The use of fresh water is prohibited in
airconditioning systems, which must be
refrigerated or use seawater. Some fire
hydrants are located on the seawater
mains, but “the damage by dousing with
seawater, you might as well have let the
place burn down”.

Toilet cisterns, piping, pumps, and valves
are  designed for the  corrosive
environment. Cisterns are of the valveless
siphonic type, requiring no metal parts in
contact with the seawater and to avoid
clogging by turbidity.

Water quality targets are shown in the
table below. The intake target for bacteria
probably reflects that the first sewage
treatment works is about to be
commissioned.

Water is charged for in a four tier structure,
penalising excessive consumption. The
first 12 kL per 4 months are free, and the
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top rate is $HK 9.05/kL. There is no charge
for seawater, which is not metered at the
house.

Unlike South Australia, the water pricing
structure in Hong Kong is more equitable,
in allowing free water for basic hygiene
requirements. The absence of an access
charge encourages water conservation by
the consumer and the provision of efficient
infrastructure by the Authority. In South
Australia the access charge is used as a
surrogate tax, a secure revenue stream
immune from annual demand fluctuations.
The comparison of householder water
costs are shown in the graph.

Sewage disposal is charged for according
to the freshwater use at $HK 1.20/kL. plus
a waste strength levy (Restaurants have
the highest waste levy at $HK 10/kL).
Householders are billed every four months.

For further information visit the homepage
of the Hong Kong Water Supplies
Department:
http://www.info.gov.hkiwsd/ (English)
http://www.info.gov.hk/wsd/indexc.htm
(Chinese)

email: wsdinfo@wsd.gen.gov.hk

$A1 = $HK6

Bibliography:

Al-Tisan AR, Chandy J, Abanmy A, and Hassan
AM (1997). Optimization of seawater reverse
osmosis pretreatment. Part Il - a
microbiological approach. Desalination &
Water Reuse 7/2

Messrs KW Chan (Chief Engineer), CM Lam
(Senior Engineer) and Mr CL Cheung (Chief
Chemist), Hong Kong Water Supply
Department, pers comm, July 1997

Water Supplies Department (1995). Hong Kong
Waterworks standard requirements  for
plumbing installations in buildings.

Water Supplies Department (1996), Hong
Kong's water

Water Supplies Department (1996). Key facts

Seawater flushing water quality targets in Hong Kong

Parameter Unit Intake Distribution #fcf Ausg_a"an "f’HMRIC Stafl!?afd
o} meaian aeca colitorm
COIOF"'_ HU <20 <20 concentration for primary contact
Turbidity NTU <10 <10 recreation 150 no/100mL and for
Threshold odour | number | <100 <100 secondary CO'E‘aCt recreation  of
Ammonia nitrogen | mg/L <1 <1 1000 no/100m
Dissolved oxygen | mg/L >2 >2 "Chlorinated seawater used in
BODs mg/L <10 <10 desalination plants in  Saudi
- Arabia has been found to contain
Synthetic mg/L <5 <5 1200-6000 CFU (Colony forming -
detergents units), with not much difference
E coli no/100mL | <20 000 | <1 0007 from the raw seawater.
Hong Kong/South Australia domestic
water charge comparison
800
600 /
& L
g 400 P
g /
8 200 SIS
0 /
0 200 400 600
Annual water consumption kL
- = = = SA Water
e HONG KoNg Water Supply Department
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RESEARCH UNDERWAY AT THE UNIVERSITY OF ADELAIDE

Dr David Walker

Department of Civil and Environmental Engineering, University of Adelaide
Tel (08) 8303 4319; fax (08) 8303 4359; email dwalker@aelmg.adelaide.edu.au

It is planned to highlight the research being carried out at South Australian universities with
regard to hydrological matters. This issue presents a background of two particular projects
of research at Adelaide University - monitoring stormwater quality and quantity at the MFP
stormwater wetlands, and an improved initial loss model for runoff.

MFP Wetlands

The  Department of Civii and
Environmental Engineering at the
University of Adelaide has been

monitoring the stormwater runoff entering
the MFP Barker Inlet Wetlands since
1994. Both water quality and quantity are
continuously monitored in five stormwater
channels entering the wetland. Prior to
this vyear, no outflows have been
monitored and thus the effectiveness of
the wetlands in treating the stormwater
remains largely unknown. Outflow
monitoring stations have recently been
installed which will provide information on
the effect that the wetlands are having on
water quality. Three Masters (MEngSc)
students are currently working on this
project, as outlined below.

Bryan Williams is completing a project
funded by MFP Australia and supervised
by Mr. Trevor Daniell. The objective of his
project was to determine the quality and
quantity of stormwater inflows to the
Barker Inlet Wetlands from four
catchments, and to the Magazine Creek
Wetland from the Eastern Parade
catchment. Approximately 80 composite
samples and 500 sequential samples
were analysed for nutrient, heavy metal
and polyaromatic hydrocarbon
concentrations from the five catchments.
The effect of catchment size, land use
and channel type on stormwater runoff
quality were investigated and compared
to other stormwater studies such as the
Paddocks  Wetland  study. Three
dimensional parameter correlations, event
quality and quantity probability curves,
runoff routing models and improvement of
stage/discharge rating curves using
velocity probes due to the backwater
effect of downstream trash racks were all
investigated.

In a project also funded by MFP Australia,
and supervised by Mr. Trevor Daniell and
Dr. David Walker, Rachel French is
undertaking an analysis of some of the
pollutants contained within the
stormwater, particularly suspended solids.
By gaining an understanding of the
generation of sediment within the
catchments, suspended solids loads can
then be incorporated into the
development of a rainfall/runoff/water
quality model. By monitoring the quality of
water passing through both the inlet and
outlet to the wetlands, their effectiveness
at removing suspended solids from
stormwater will also be determined.

With the installation of three new
monitoring stations in early 1997, all
significant inflows to one of the ponds,
known as ‘Pond A’ can now be measured,
as well as the outflow. A study
undertaken by Sarah Murphy and
supervised by Dr. David Walker and Mr
Trevor Daniell will look at this particular
pond with regard to water quality
improvement and the decay of nutrients in
wetlands. By comparing Total
Phosphorous and Nitrogen at the inlets
and outlet of the pond, it will be possible
to determine whether or not the wetland is
effective in immobilising these nutrients
contained in the stormwater. Nitrogen
transformations will also be investigated
by analysing a number of nitrogen forms
in the water, namely Total Nitrogen, Total
Inorganic Nitrogen (NO, and ammonia
fraction) and Ammonia -N. It is
anticipated that by breaking down the
total nitrogen concentration into its
constituent forms that some insight into
nitrogen decay processes in the wetland
will be gained.

The results obtained will also be used in
the calibration of a water quality computer
model.
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Initial Loss Modelling

Flood discharges and flood levels are
jointly affected by storm rainfall and the
state of the catchment at the start of a
rainfall event. At the present time, the
majority of flood discharge estimates in
Australia are based on converting a design
rainfall event with a given average
recurrence interval (ARIl) to a flood
magnitude of the same ARI. A critical step
in this approach is the estimation of the
initial loss value. At present the methods
outlined in Australian Rainfall and Runoff
offer little practical guidance on how the
joint probability problems, which arise
through the need to assume initial loss
values, can be addressed.

An alternative approach is being
researched by Theresa Benham, under
the supervision of Dr Martin Lambert,
which  supersedes present  design
techniques and the need to evaluate the
probability distributions of initial loss. This
new approach should lead directly to the
generation of rainfall excess statistics
which can be related to existing regional
rainfall intensity information to produce a
practical engineering design procedure.

The overall objective of this research would
be to develop practical methods for
including the effect of initial rainfall losses
on the flood frequency distribution. The
proposal has five specific aims which are
to:

1. Develop a continuous simulation model
for examining the flood frequency
characteristics of a general catchment;

2. Calibrate the parameters of the
continuous  simulation  model to
catchments using rainfall and
streamflow data from five different
Australian states;

3. Validate the approach on selected
catchments which have long-term flood
frequency records;

4. Fully develop the proposed rainfall
excess frequency-duration (REFD)
design approach; and

5. Derive the regional rainfall excess
frequency-duration (REFD) distributions
and temporal patterns for inclusion in
the new edition of Australian Rainfall
and Runoff.

Melbourne house self sufficient in water

Harvesting roof runoff and recycling grey water
has enabled a two person household in
Malvern, Melbourne to become independent of
the reticulated supply.

Features of the house are:
o connected roof area: 117 m?
o tank size 20 kL under kitchen floor;
« roof runoff consumption 75 kL/y cf
Melbourne average 234 klL/y;
o appliances (5 star energy efficient) include:
* full size washing machine (output to toilet
flushing);
dishwasher; and
* bathroom (output directed to garden
using absorption trench irrigation
system).

Abstracted from Water Resource Management
News, 3 no.1, February 1996 (Water Policy Division,
NSW Department of Land and Water Conservation)

USA utilities implementing tiered water
charges to discourage excessive use

60% of USA utilittes have some form

conservation oriented rate structure. These

range from:

¢ uniform rate (as opposed to declining rate
for high water consumption) (46 % adopted),

¢ seasonal rates (higher charges in peak
season);

¢ inverted block structures (increasing the unit
rate at higher levels of use) (25 % adopted),
and

¢ excess-use rates (base usage defined as
average use by customer during a specified
non-peak period; during peak period amount
above this charged at base rate plus excess
rate, which could be tiered). Could benefit
groups such as large families (less than 1%
adopted).

Accompanying the changes to the rate structure
was education on the marginal cost of
developing new resources, in order to alert
consumers to the impacts of increasing use.
Important in gaining public acceptance of
conservation oriented rate structures were
public consultation, and charges based on the
actual cost of supplying service.

Abstracted from Water Resource Management
News, 3 no.1, February 1996 (Water Policy Division,
NSW Department of Land and Water Conservation)
who obtained it from Water and the Environment.
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IAN LAING PRIZE WINNERS

Last year the lan Laing prize was awarded jointly to three of the candidates: Theresa
Benham, Julianne Martin and Glenn Passfield. The candidates were asked to submit a copy
of their application, that included a statement of their interest in water related studies.

The first submission
Benham.

is by Theresa

In applying for the lain Lang Prize a
description of interests in water related
studies was submitted. The following is a
brief description of this but included
should be the description of the project
currently being undertaken for a PhD, as
described below.

My interest in water related studies
encouraged me to undertake the final year
research project in the area of cross-shore
sediment transport, which has involved the
study of an experimental model,
undertaken in a wave flume. Cross-shore
sediment transport, a very difficult study
area due to the lack of reliable
mathematical relationships, is responsible
for the continuous change in beach profile
which occurs throughout the seasons and
is an important phenomenon in the field of
coastal engineering. The study involved
the monitoring and analysis of wave
height, and changes to the beach profile
due to varying wave conditions. This is an
important area of water and coastal
engineering because of the large
development which occurs in coastal
zones.

| undertook a final year subject in water
resources management during which time
| carried out a major project into the water
supply problems at Hawker, South
Australia. This project was chosen as a
result of my interest in water
management, particularly in Australia. At
Hawker there are existing limitations with
the present supply system in terms of
access to high salinity bore water only,
and the lack of a totally reliable fresh
water source. Visiting Hawker, |
investigated previous water supply
schemes and investigations, the current
water supply scheme, wastewater disposal
mechanisms and strategies to ensure
sustainable resource management in the
area, by means of discussions with local

residents and members of council in
conjunction with a comprehensive tour of
the area.

During work experience at the Augusta

Power Stations (Port Augusta) in 1996, |

was involved in the continuation of a study

for two proposed wetlands on the site.

There were a number of aims in the

proposal.

« to increase the aesthetics of the site,
covering the existing blackish earth
adjacent to the Northern Power
Station;

« to collect the majority of the water from
the primary ash basin and prevent
overflowing of the ash pond; and

« to collect the run-off from one of the
sub-stations to create a habitat for
native birds and animals in an area
where excavation has occurred.

| was also involved in discussions and
consideration of proposals relating to the
continuation of the bird lake project along
the causeway into Port Augusta. During
regular visits to the area | have always
been keen to find out about recent
advances, offer new ideas and participate
when possible.

During work experience in 1995 with the
Mitcham City Council, | was involved in
the production of a report documenting the
location and condition of the many
stormwater outfalls in the Adelaide
foothills. This involved the investigation of
numerous erosion and scour problems,
with the development of possible
solutions. A drainage investigation was
also carried out in a section of Blackwood
using the rational method and ILSAX
computer program. The aim was to
determine the design flow through a pipe
under a railway line in order to correctly
select a suitable sized pipe to replace the
existing one. The investigation also
involved the analysis of water
management (that is, locating where
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the water actually flows during
storms as contours are not always
reliable, and then discussing
possible improvements to the
system).

During 1995 | carried out work
experience at RUST PPK during
which time | undertook
groundwater investigations which
included field sampling at petrol
stations and at DSTO. (Salisbury).
Analysis of results comprised the
application of analytical
techniques to practical problems
and the composition of a computer
programme  for  groundwater
movement, particularly for the
investigation of salinity problems.

The second submission is that of
Julianne Martin.

At the time | applied for the lan
Laing Prize, | was undertaking
fourth year of a bachelor degree in
Civil and Environmental
Engineering at Adelaide
University. During my degree |
was able to study a wide range of
water related topics. These
included the mechanics of water
flow, coastal engineering, water
quality, and a range of water
treatment technologies for both
drinking water and wastewater.
Subjects such as botany and
environmental biology provided an
insight into the crucial link
between water quality, waterways,
and the environment, whilst
economics and environmental law
introduced the concepts of the
value of a living object, and the
way the law works to protect and
prevent abuse of our resources. |
have also had many opportunities
to undertake and observe practical
experiments dealing with water
based phenomena.

UNI ADELAIDE WATER RELATED STUDIES
Final Year Research Project: Cross-Shore
Sediment Transport in a Wave Flume

This project aimed to monitor the cross-shore
sediment transport which occurred in a wave
flume in the Robin Hydraulics Laboratory of the
University of Adelaide. Cross-shore sediment
transport is the movement of sand in a direction
perpendicular to the coastline, which is caused
by breaking waves and coastal currents. A
range of monochromatic waves were produced
in the flume to simulate summer and storm wave
conditions, and the results were compared to
those established in the literature.

Analysis of the sand movement showed that the
form of the resulting beach profiles was
consistent with the literature, however the
profiles were produced by a movement of sand
in a direction which was contradictory to
accepted theory. The rate of sand movement
towards the equilibrium profile was also very
quick, and did not seem to vary from summer to
winter as expected. The unexpected movement
of sand was attributed to a distorted sediment
scaling technique, and a possible lateral
movement of sand across the flume.

Two Dimensional Modelling of the Proposed
Glenelg Safe Harbour

The two dimensional modelling of the southern
breakwater proposed as part of the Glenelg Safe
Harbour development aimed to verify the armour
rock size, the crest level, the seaward slope of
the design, and the effect of sand in the sand
trap. The results of the tests were then used in
conjunction  with  numerical and three
dimensional modelling of the proposed harbour
to determine the most economic and stable
configuration for the final design of the
breakwater.

The model was constructed on a scale of 1:26,
and used random waves to simulate sea
conditions (based on a range of worst case
significant wave heights and mean water levels)
on each configuration of the breakwater. Wave
height, wave run-up, overtopping, and the
percentage of rocks displaced were measured
during each test to provide an indication of the
stability of the breakwater. The results of the
tests, showed the breakwater to be very stable
in all configurations, whilst allowing a
considerable degree of flow both through and
over the breakwater.
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Irrigation uses huge volumes of
water - what is a Megalitre? =

Tony Thomson, Irrigation Engineer,
Lenswood Centre, PISA

Tel: (08) 389 8839; Fax: (08) 8389 8899; Email:
tony.thomson@pi.sa.gov.au

In South Australia the total volume of water
used each year for all purposes is 1.1
million megalitre. Most, 0.7 million
megalitre, of this precious resource is used
for irrigation.

Almost half of the irrigation water is used to
irrigate animal fodder crops which produce
a low $ return per kilolitre.

Fifteen tonnes of irrigation water are used
to produce one small bale (25 kilograms)
of lucerne hay providing a gross margin of
only 9 cents per kilolitre.

In the Riverland four hundred and fifty litres
of irrigation water are used to produce the
grapes for one bottle of wine.

In South Australia the water supplier, SA
Water, charges 90 cents to deliver each
kilolitre of pressurized drinking-quality
water.

River Murray irrigators in Government
Irrigation Areas are charged 4 cents for
each kilolitre they use for irrigation from
the River Murray. In addition to the capital
cost for pumps, pipes and the irrigation
equipment a private irrigator typically pays
4 cents for the electricity to pump each
kilolitre of irrigation water.

See picture on page 1

Water promising energy source through
biological production of hydrogen

Some green algae and various strains of
bacteria can produce hydrogen. The
prerequisite for affordable production is that
large quantities of cheap electron donors (eg
biomass or water) are available.

There are several fundamentally different ways

for producing hydrogen biologically:

e photolysis (the breakdown of biomass by
phototropic organisms)

o fermentation, which requires no light

Two stage production methods are being
developed, in which the residue from
fermentation forms the input to photolysis. The
production of energy by fermentation to
produce hydrogen is less efficient than the
production of methane (33% v 85%), but the
latter is a significant Greenhouse gas.

These two processes could be applied to
wastewater, but much more research is
needed. Japan has a 30-year program, and
Germany had a five-year program.

Abstracted from Insight, the newsletter of the
Intemational Environmental Technology Centre
(IETC) of the United Nations Environment Program
(UNEP), Fall 1996. Home page
http://www.unep.or.jp

Potable drinking water supplies
dwindling.

Rational water use and water conservation the
only sensible solutions

1.5 billion people are without a proper water
supply, and 2 billion suffer from diseases
transmitted by contaminated by drinking water.

Solving the drinking water problem is above all
else a financial and organisational problem,
rather than a technical one. Worldwide, there is
sufficient capital to make the necessary
investments: it is a matter of mobilising them
and channeling them into appropriate projects.
These investments will not yield immediate
financial returns; it is therefore vital that more or
less stable political and legal conditions be
provided. These conditions can not be instituted
immediately. Political bodies and commercial
organisations must work in concert to affect
strategic changes so as at least to minimise
risks.

Strong growth in water supply development is
likely to continue until 2005 in the world’s
emerging economies, according to a report on
the world market for drinking water purification
and supply by Helmut Kaiser Consultancy,
Germany. For a free report contact: Ref 363-01,
EBB, Philosphenweg 2, D-72076 Tlibingen,
Germany; tel +49 7071 67001; fax +49 7071
68086

Abstracted from Insight, the newsletter of the
Intemational Environmental Technology Centre
(IETC) of the United Nations Environment Program
(UNEP), Fall 1996. Home page
http://www.unep.or.jp
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[WEBDIRECTORY |
EPA (South Australia)
http:/lwww.epa.sa.gov.au

includes:

o frog census

¢ codes of practice

¢ legislation

e air quality

abstracted from EPA newsletter 2/1/1997

EPA (Commonwealth)
http://wwwl/erin.gov.au/net/environet.html
includes:

e environment management capabilities data
base

environment technology reference sites
national cleaner production database
environment education courses database
scheduled waste treatment technologies
database

If you do not have access to the internet,
information on environmental management
solutions can be obtained from EnviroLink at
freecall 1800 500 299 (outside Brisbane)
fax (07) 3229 8577

email: emiaa@peg.apc.org

You can have your environment management
company, cleaner production case study,
environment education course or relevant R&D
activity appear on EnviroNET Australia.

Contact the EPA on

Email: environet@dest.gov.au
Tel (06) 274 1781

Fax (06) 274 1640

Department of Environment/Global
Environmental Technology Enterprise
Center (USA)
http://www/gnet.org/gnet/gete/doehome.htm
Discusses major industry-wide environmental
themes and links

Environmental Index (USA) for locating
environmental science and law sites on the
internet
http:www.epa.gov/Region2/htm/library/yoohooli
ndex.htm

FUSRAP (Formerly utilised sites and remedial
action programme) (USA)
http://iwww.fusrap.doe.gov

For other site addresses see IAWQ Specialist
Group on Environmental Restoration

newsletter 5 (March 1997) from which these
were abstracted.

IAWQ (International Association of Water
Quality) http://lwww.iawq.org.uk

The American Water Works Association
http://www.awwa.org

Water Environment Federation
http:/iwww.wef.org

(abstracted from the newsletter of the IAWQ Wastewater
Reclamation, Recycling and Reuse Specialist Group
March 1997 article by Lluis Sala)

|SOFTWARE

Parallel PEST. optimisation software, a
version that can distribute model runs over a
network, now available. PEST communicates
through a model's own input and output files,
and can be used on any existing model.
Contact Dr John Doherty, Watermark
Numerical Computing, 336 Cliveden Avenue,
Corinda 4075, tel (07) 3779 1664; email
jdoherty@gil.com.au; web page:
www.ozemail.com.au/~wcomp

Free software catalogue on over 125
groundwater, surface water, bioremediation, air
pollution, geotechnical monitoring and other
environmental models  available  from
Hydrology, Air Pollution and Geology Software,
Scientific Software Group, PO Box 23041,
Washington DC 20026-3041 USA,

email info@scisoftware.com;
http://www.scisoftware.com;

tel +1 703 620 9214; fax +1 703 620 6793

Abstracted from the newsletter of the Intemational
Assaociation of Hydrogeologists Australian Chapter 14 1/2
February/May 1997.

|HARDWARE

Ecosol Pty Ltd launches refined litter trap
for side inlet pits.

A “solid pollutant stormwater filter” installed in a
working side inlet pit will be available for public
viewing on 16 and 17 September 1997 from
11.00 am to 3.00 pm at the Southern end of
Shaftesbury Road, Elizabeth Vale. The trap
has been designed by Ecosol Pty Ltd for the
City: of Playford. Contact Mrs Gill Evans
(08) 9254 0326.
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Information sought on organisations involved in the stormwater and small scale

wastewater industry for data base

Doug Smith is collecting information on
organisations and professionals involved in
urban runoff and small scale water reuse in
order to allow:

Interested researchers, consultants,
surveyors, planners, engineers,
developers, manufacturers, suppliers,
contractors, Local Governments, State

Agencies and training institutions should

¢ networking; contact:

e promotion of synergies;

e research cooperation; Doug Smith

* joint ventures; . 14/26 Malaga Crescent

o establishment of compatible products; Wynn Vale SA 5127;
anq_ o tel/fax (08) 8289 2538;

¢ unified promotion interstate and email: dougal@ctel.com.au
overseas.

HYDSOC SEMINARS

All seminars are at the Charles Hawker Auditorium, Waite Institute, Waite Road, Urrbrae,
commencing at 5.30pm for 6.30 to 8.00 pm except as noted. The audience is invited to join the
guest speaker at dinner afterwards.

Tentative program for 1997 is listed in the following table. Please take note of changes as
advised by the flyer prior to the meeting.

Date Subject Speaker
28/8/97 Joint meeting with Scientific Grace and Holton, Bureau of Meteorology
Expedition Group (SEG )
Seasonal forecasting
18/9/97 Irrigation Tony Thomson PISA, Johanne Kneebone DENR
Stephen Pugh MESA
23/10/97* | Stormwater seminar Industry speakers and professional organisations
4/12/97 Chile groundwater Peter Smith MESA

* National Water Week: Sunday 19/10/97 to Saturday 25/10/97

ENVIRONMENT AND NATURAL RESOURCES, WATER RESOURCES GROUP: 1997
TECHNICAL SEMINAR SERIES

In the South Australian Water Corporation "Learning Centre", Level 8, Australis House, 77
Grenfell Street, Adelaide 10.15 am for 10.30 am to 11.45 am. Please verify the program prior
to the date as it is subject to change without notice.

20 August Integrated water systems model for the Shiroma Maheepala

Spencer Gulf Region (CSIRO Melbourne)
17 September | Aquifer recharge potential in the Spencer Gulf | Russell Martin (MESA)
area

15 October Surface water sharing: balancing environment | Michael Good

and development

19 November COAG Water reforms Elizabeth Young

17 December Irrigation in South Australia Tony Thomson (PISA)
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HYDSOC BUSINESS

1996/1997 EXECUTIVE COMMITTEE OF THE HYDROLOGICAL SOCIETY OF SOUTH AUSTRALIA

Name/Position Work- Home Fax. [ 7ot - Email
Chairman 8303 5454 | 8303 9085 | 8303 4359 | tdaniell @ civeng. adelalde edu.au
Trevor Daniell
Vice Chairman 8272 3299 | 8297 3905 | 82714811
Chris Burton
Treasurer 8343 2508 | 8277 5802 | 83432747 | lipp@roads.sa.gov.au
Bill Lipp
Secretary 8223 5583 | 83393112 | 82235237 | chris.purton@bctonkin.com.au
Chris Purton

Ordinary Committee Members elected 1995 for 2 years

David Kemp 8343 2534 8266 2794 8343 2747 | kemp@roads.sa.gov.au

Andrew Love 8274 7602 8297 7675 | 8274 1239 | alove@msgate.mesa.sa.gov.au
David Walker 8303 4319 8376 0457 8303 4359 | dwalker@civeng.adelaide.edu.au
Ordinary Committee Members elected 1996 for 2 years

Fraser Bell 8235 7431 8232 2944

Paul Pavelic 8303 8742 8410 0096 8303 8750 | pcp@ad|.dwr.csiro.au

Bart van der Wel 8204 9129 8204 9144 | bvanderwel@denr.sa.gov.au
Newsletter Editor:

Bart van der Wel 8204 9129 8204 9144 | bvanderwel@denr.sa.gov.au
Records

Secretary: 8274 7539 8274 1239 | aaukland@msgate.mesa.sa.gov.au
Anwen Aukland

Auditor:

R Shepherd 831 8491

Returning Officer:

Kim Read 8223 5583 8223 5237 | kim.read@bctonkin.com.au

MEMBERSHIP FEES
Membership of the Hydrological Society is still only $ 10 per year (tax deductable for practitioners).
Contact Bill Lipp, Treasurer, Hydrological Society of South Australia, Stormwater Services Section,

Department of Transport, PO Box 1, WALKERVILLE SA 5081,

(08) 8343 2747.

telephone (08) 8343 2508, fax

PLEASE ADVISE YOUR EMAIL ADDRESS FOR FUTURE DELIVERY OF NOTICES AND

If undeliverable please return to
Hydrological Society of South Australia Inc
c/- Water Resources Group DX 138

GPO Box 1047 Adelaide SA 5001
Australia

NEWSLETTERS TO THE SECRETARY AT chris.purton@bctonkin.com.au
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