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Modelling chlorine levels in the Mannum-Adelaide pipeline and in th
upper reaches of the River Torrens

Gregg Barker
Gavin Bowden and
Konstantine Hadjandonis

Department of Civil and Environmental Engineering, University of Adelaide

Summary: A first order, hydraulically calibrated EPANET computer model of the Mannum-
Adelaide Pipeline was developed which is capable of determining concentrations of free andotal
chiorine residuals throughout the system. Extensive laboratory studies were conducted to
determine an appropriate kinetic decay model and associated rate constants for bulk chlorin:
decay. Analysis of the laboratory results showed that second order exponential decay modes
accurately described the decay of residual chlorine under a wide range of conditions. Functins
were developed which related bulk decay rate coefficients to certain water quality characterifics. A
hydraulic water quality model was developed which predicts chlorine levels in a 3 kmregion
downstream of the Mount Pleasant Dissipator for a wide range of input conditions. A compuer
program was developed of the river model, which is coded in Fortran 77. A number of simplifing
assumptions were made in the development of the model including dividing the modelling rgjion
into reaches, one-dimensional flow and steady-state conditions. Chlorine concentrations we#
modelled using a second order decay equation and the flow velocities in the river were predted
for a wide range of input conditions using Manning's equation. Historical and field sample dé@
were used to calibrate the hydraulic and water quality characteristics of the EPANET and rier
models. The models developed in this study will be used to assess the likely environmentaimpact

of releasing chiorinated water into the River Torrens. The pipeline model will also serve as stool to
optimise chlorine dosing levels, whilst maintaining an acceptable level of disinfection througiout

the system.

1 INTRODUCTION
1.1 Aims

The aim of this research is to study chlorine
levels in the Mannum-Adelaide Pipeline and in
the upper reaches of the River Torrens. This is
of interest because of the possible
environmental impacts that may result from
releasing chlorinated water into a natural
watercourse. The Environment Protection
Agency (EPA) have expressed their concern
with chlorinated water being discharged into
the River Torrens because of the possible
deleterious effects on the aquatic fauna, in
particular the macroinvertebrates.

The study of chlorine levels in the Mannum-
Adelaide Pipeline is also of interest to minimise
the chlorine dosing costs whilst maintaining an
acceptable standard of residual protection for
consumers that receive their water directly
from the pipeline. The aim of the project is to
develop models of the Mannum-Adelaide
Pipeline and of the upper reaches of the River

Torrens. It is envisaged that the models will
predict the chlorine levels throughout te
pipeline and provide indicative chiorinelevels
in the River Torrens downstream of the Mount
Pleasant Dissipator.

In the development of the pipeline andfiver
models, it is essential that laboratory sudies
be conducted to analyse the decay of hlorine
under a range of environmental conditons. It
was planned to compare alternative kinetic
decay models with experimental resuls to
determine which model provides the most
accurate prediction of the bulk decay of free
and total chlorine. A relationship can thén be
developed to correlate the decay rate
coefficient (for each model) with variouS
environmental conditions exposed to samples
during the experiments.

1.2 Background
The Mannum-Adelaide Pipeline runs from the

River Murray at Mannum to the Anstey Hill
Water Filtration Plant (WFP) in Adelaide
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(Figure 1). The system is comprised of two
maijor pipeline sections, the pumping section
from Mannum to the open-air Summit Storage
basin in the Adelaide Hills, and the gravity feed
section from the Summit Storage to the Anstey
Hill WFP. The pipeline is approximately 60 km
in length and three pumping stations are
employed to lift water from the River Murray to
Summit Storage.

River Torrens

Figure 1: The Mannum-Adelaide pipeline
modelling region

To ensure microbiological water quality for
consumers who receive their water directly
from the pipeline, a chlorine residual is
maintained. This is achieved via two chlorine
dosing stations; the first is located at Pump
Station No. 1, Mannum and the second at
Summit Storage. At various times, chlorinated
water is discharged into the River Torrens to
supplement the supplies available from the
natural catchment inflow.

The Mount Pleasant dissipator is located 3 km
downstream of Mount Pleasant Township and
6 km downstream of the head of the River
Torrens catchment. Flow is diverted off the
Mannum-Adelaide Pipeline along the Mount
Pleasant Branch Main located just before
Summit Storage on the pumping section of the
pipeline, which supplies the dissipator (Figure

1),

The dissipator performs two functions, the first
is to release water into the River Torrens, and
the second is to dissipate the energy head of
the water flowing through the branch main in
order to reduce exit velocities and minimise
river bank erosion and scouring.

2 METHODS
2.1 Laboratory Studies
2.1.1 Background

Extensive laboratory studies were conducted
to analyse the bulk decay of chlorine under a
range of environmental conditions. Water
samples taken from the River Murray at the
intake to the pipeline were dosed with chlorine,
and the change in free and total chlorine levels
were measured with time. Several kinetic
decay models were fitted to the data and their
respective decay rate coefficients were
determined. The laboratory tests were
performed under a range of environmental
conditions likely to be encountered in the
pipeline.

Laboratory tests included studying the effects
of:

e temperature,;

¢ dissolved organic carbon (DOC); and

e velocity gradient (mixing energy).

The velocity gradient is defined by:

Gsz (1)
7.4

where:G velocity gradient (s™)
P power (W)
7 viscosity of water (Pa.s)
v volume (m®)

The effects of pipe wall decay were not
incorporated in the experiments due to the
difficulty in assessing biofilm effects in the
laboratory.

2.1.2 Method

The Latin square technique (Brownlow et al.
1996) was used to analyse chlorine decay
under a range of conditions. Various
combinations of DOC, temperature and mixing
energy were considered as indicated by the
Latin Square set up in Tables 1 and 2. Each
square represents one test and the letters A to
E represent temperatures.
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Table 1: Latin Square representation of letters
A B Cc |D E

0°C |14° (19° [24° (29°

Table 2: Latin Square used in laboratory studies

Velocity Gradient (s™)

0 90 180 270 360

2 |alBlc|p |E
S5 |E|A|B|C |D
§ 75 [D |[E |A |B |C
© 10 [c [p |E [A |B
125|(B |C |D |E |A

Free and total chlorine concentrations were
measured using the N,N-diethyl-p-
phenylenediamine (DPD) Ferrous Titrimetric
Method. DOC concentrations were altered
either by dilution or by adding measured
amounts of natural organic matter. Velocity
gradients were simulated by using standard
rotating paddles.

2.1.3 Analysis of results

Following Dugan et al. (1995) and
Vasconcelos et al. (1997), several different
kinetic models for chlorine decay were
analysed. They included:

+ First Order Model - rate of decay is
proportional to the concentration of the
chlorine remaining

dC/dt = -kC
= Ci= Coe-kt (2)
where: C; concentration at time t (mg/L)
Co initial concentration (mg/L)
k decay rate coefficient (hr”)
t time (hr)

+ Second Order Model - rate of'decay is
proportional to the concentration of chiorine
_ remaining squared

dC/dt = -kC?
= (1/C) = (1/Cy) + kt @)
+ Combined First Order Model - a rapid first

order model is applied for t < 4 hours, and
a slower first order model for t > 4 hours

t <4 hours: C = Coe™ 4)
t >4 hours: C; = Ce™ ki>k, (5)
where: Cs concentration at 4 hours

.« Combined First & Second Order Model - a

rapid second order model is applied for t <
4 hours, and a slower first order model for ¢
>4 hours

(1/Cy) = (1/Co) + kit (6)
Ci= Cie™ (7)

t <4 hours:

t >4 hours:

For each experiment, a least squares
technique was used to fit each of the four bulk
decay models to the data collected.

2.2 The Mannum-Adelaide Pipeline EPANET
Model :

2.2.1 Modelling the system

Maul et al. (1985) observed that total chlorine
decay is comprised of the bulk decay of
chlorine due to the reactions with dissolved
organic matter and the pipe wall decay due to
the reactions with the organic biofilm and
tubercles on the interior pipe wall. As indicated
by Le Chavellier et al. (1988), transport of the
disinfectant from the bulk liquid phase into the
biofilm is a very important factor in
understanding chlorine decay rates. In order to
forecast chlorine concentrations along the
pipeline, the model must take into account
these decay mechanisms.

The USEPA’s EPANET network simulation
program was used to perform extended period
hydraulic simulation and dynamic water quality
modelling of the Mannum-Adelaide Pipeline.
EPANET models the bulk reactions using first
order kinetics and first order mass-transfer
limited kinetics for the wall reactions.

The pumping section of the Mannum-Adelaide
Pipeline and the Mount Pleasant Branch Main
was modelled to predict chlorine
concentrations along the pipeline and to
provide an initial chlorine concentration at the
Mount Pleasant Dissipator for input into the
River model.

Water quality can only be successfully
modelled if velocities are accurately simulated
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in the hydraulic model. The hydraulic model
must therefore be well calibrated and
accurately reflect the hydraulic behaviour
(Chambers et al. 1995).

2.2.2 Hydraulic calibration

Information on the tanks, pumping stations,
chlorine dosing stations, pipe sizes, lengths,
roughness coefficients, elevations and
baseline water demands was collected and
placed into an EPANET input data file.

In order to calibrate the hydraulics in the
EPANET model, the actual tank levels at the
three pump stations and at Summit Storage
were compared to the tank levels predicted by
the model. Flow meters were not used
because the information collected from these
was not of a suitable level of accuracy (Adoms,
V., 1998, pers. comm., 4 May). The tank levels
and the pumping regime for a 24-hour period
was retrieved in the form of a spreadsheet
from information recorded by the SA Water
Bulk Water Control Room. All of the
information was recorded at six minute
intervals for the 24-hour period being
simulated. The information collected included
the baseline demands just after the Summit
Storage and the demand from the Mount
Pleasant Dissipator. These demands were
averaged over the 24-hour period and then
placed into the EPANET input data file.

Using this information, the system was
calibrated by sequentially adjusting the
Hazen—-Williams roughness coefficients of
different sections of pipe to ensure that the
predicted tank levels were within + 5% of the
actual tank levels. Once the calibration had
been performed, two more 24-hour period
simulations were used to verify the hydraulic
model. It was found that in both simulations the
predicted tank levels were within = 5% of the
actual tank levels. This provided verification
that the model was hydraulically calibrated.

2.2.3 Field sampling

In order to investigate the nature of water
quality variability under dynamic conditions
within the system, use was made of historical
data collected routinely by SA Water. Taps are
located at points along the Mannum—Adelaide
Pipeline from which samples are taken and
free and total chlorine residual and

temperature measured (Figure 1). To
determine the DOC of the water, a sample was
taken on the River Murray at Mannum for
laboratory analysis.

In addition to the historical water quality data,
field trips were also conducted to collect a
larger number of samples along the specific
area being modelled. The first field trip was
conducted on the 29" August 1998 and the
second field trip was conducted on the 70
September 1998.

2.2.4 Water quality calibration

To perform the water quality calibration and
verification, the hydraulic data for the dates of
the two field trips was retrieved from the SA
Water Bulk Water Control Room. From this
information the pump regime, initial tank levels
and baseline demands at the Summit Storage
and Mount Pleasant Dissipator were
determined and placed into EPANET data
sets. The chlorine dosing rate for the periods
being modelled was collected from SA Water,
Murray-Mallee Region, Murray Bridge. On the
date of both field trips, the Mannum Chlorinator
was dosing chlorine at 8.5 mg/L (Adams, K.,
1998, pers. comm., 21 September). With the
installation of a Water Filtration Plant at
Mannum, the Mannum Chlorinator is currently
situated after the tanks at Pump Station No. 1.

2.2.4.1 Determination of decay coefficients

Different sections of pipe have differing
properties, and in order to calibrate the model
successfully, it is important to model the
different sections of pipeline with different
decay coefficients. EPANET has the potential
to accept a different decay rate for each pipe,
or groups of pipes, within the network.
Therefore, the pipeline was divided into
sections of uniform properties. Each sampling
point was incorporated into a different pipe
group so that the slight differences in
temperature from sampling tap to sampling tap
could be taken into account. In addition,
sections of pipe with the same diameter and
flow were kept within a single group to keep
sections of similar velocity gradient together.

Two alternative reaction models were tested
on the Mannum-Adelaide Pipeline. The first
mode! (reaction model #1) assigned a first

order, bulk decay rate coefficient for the first
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hour after chlorination and a first order, bulk
decay rate coefficient for all time greater than
one hour.

The second model (reaction model #2)
assigned a first order, bulk decay rate
coefficient for the first hour after chlorination, a
first order, bulk decay rate coefficient for time
greater than one hour but less than four hours
(i.e. 1<t<4 hours) and a first order, bulk decay
rate coefficient for time greater than four hours.
(i.e. t>4 hours). Hydraulic simulations were
conducted and it was found that the
chlorinated water takes approximately four
hours to reach the second sampling point
(Pump Station No. 2 Sampling Tap).
Therefore, the second section of pipe between
the 2 km Sampling Tap and the Pump Station
No. 2 Tap was simulated in this reaction model

by using the bulk decay rate coefficient for time

greater than one hour, but less than four
hours. The remaining sections were modelled
using the first order, bulk decay rate coefficient
for time greater than four hours. For both
reaction models, the laboratory derived power
equations were used to determine the decay
coefficients input into EPANET.

An EPANET simulation was then performed for
the 29" August 1998 and the 7" September
1998 to model the chlorine levels observed in
the field. Separate simulations were conducted
to model free and total chlorine concentrations
and to trial reaction model #1 and reaction
model #2.

2.3 River model
2.3.1 Assumptions

Modelling a natural system such as the River
Torrens is difficult due to the complexity of the
river. The factors that must be taken into
account include the random variations in the
physical properties of the river, man-made and
natural obstructions in the river and uncertain
inputs and outflows into and out of the river. A
number of simplifying assumptions were made
to develop a model of the river in a practical
sense which delivered an appropriate degree
of accuracy, whilst not becoming overly
complicated. These assumptions included:

+ the modelling region was divided into 12
representative reaches, each of which
have constant physical properties;

+ flow velocities were assumed to be
distributed uniformly throughout the
channel cross sections;

+ the river was assumed to be completely
mixed in both the vertical and transverse
directions; and

+ free and total chlorine was assumed to
decay according to a second order
reaction.

Manning's equation was used to represent the
steady-state flow in each of the reaches for the
hydraulic calibration of the model.
;21 (8)
Q=—Am3s2
n

where: Q discharge (m%/s)

n Manning’s roughness coefficient
m hydraulic radius (m)

s

bed slope (m/m)
2.3.2 Selection of the modelling region

The modelling region extends from the Mount
Pleasant Dissipator to the extension of
Carnells Bdy Rd, a total distance of 2972 m
(Figure 2). The choice of this modelling region
provided a suitable trade-off between accuracy
of results within the modelling region and
encompassing the zone of influence of chiorine
for a wide range of conditions.

) /) tougs
W
omemg

o,

x
/\/\—&
B N

T 7 I Z 9 T2 Ve
Figure 2: Modelling region in the upper reaches
of the River Torrens

2.3.3 Model inputs

The inputs to the river model inciude the
natural streamflow, dissipator discharge and
dissipator free and total chlorine
concentrations.
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When chlorinated water is discharged from the
dissipator, it enters the river and is diluted by
the natural streamflow. The initial mixed
chlorine concentration, Cy', is given by
Equation (9).

Co = C(; Qin (9)
Qi +0x)

where:
Co initial mixed chiorine conc” (mg/L)
C,’ initial dissipator chlorine conc” (mg/L)
Q. dissipator discharge (m®%s)
Qg natural streamflow (m®%s)
Co' is predicted by the EPANET model of
the Mannum-Adelaide Pipeline.

Qi is obtained through the SA Water telemetry
system, which monitors all flows through the
Mount Pleasant Branch Main connected to the
dissipator.

Qg is monitored by a flow gauging station
located approximately 500 m upstream of the
dissipator, which is managed by the
Department of the Environment, Heritage and
Aboriginal Affairs (DEHAA). The external
inputs or outputs between the flow gauging
station and the dissipator are negligible, and
therefore flows at the gauging station can be
considered identical to those at the dissipator
(Stace, P. pers. comm.).

Historical data was used for the selection of
Qr. 25 years of daily flows from the gauging
station were obtained and separated into
monthly data sets. Histograms were then
created for each month by statistically
analysing the monthly data. The 50, 75 and
95% confidence intervals obtained from the
histograms were used as the Qg input to the
river model.

2.3.4 Field data collection techniques

Extensive field studies were undertaken to
gather the necessary physical and water
quality data for the River model. Downstream
distances were measured by counting the
number of paces taken and converting the
number of paces into a distance in metres.
Channel cross sectional geometry was
measured using a tape measure tied to
ranging poles either side of the river to give the

transverse distances and dumpy level and staff
to give the vertical distances. The bed slope of
the river was approximated to the slope of the
water surface (Streeter and Wylie 1981), and
bed slopes were calculated using measured
downstream water surface elevations and
measured downstream distances. Free and
total chlorine concentrations were measured
using the Palintest equipment.

3 RESULTS
3.1 Laboratory Studies

Table 3 compares the proposed kinetic models
on the basis of their average r* (coefficient of
determination) value for all of the experiments
conducted. Results indicate that all the models
provided good fits, however the second order
model generally provided the most accurate fit.
The second order model also more accurately
described the decay of chlorine in samples
containing higher concentrations of DOC (> 7.5
mg/L), while the first order models produced
poor fits for this range.

Table 3: Analysis of average r? values for each
model

1st 2nd Combined 1% Order |Combined 1st/2nd
Order [Order  |t<4 t>4 Order t<4 t24

Average |0.8737[0.9703 10.9481 [0.9416 10.8691 }0.9416

Median |0.8931[0.9899 |0.9881 {0.9829 10.9956 |0.9829

3.1.1 Development of decay rate function

An expression was developed to relate the
bulk decay rate coefficient to specific
environmental conditions. A power function
was used as shown in Equation (10).

k = Ky(T)(DOC)GY (10)

where:
T temperature (°C)
DOC DOC concentration (mg/L)
G velocity gradient (s™)
Ko, o, B, ¥ constants

Taking the log of Equation (10), the following
equation is obtained:

In k=InK, + alnT + BINDOC + yInG (11)
Multiple linear regression analysis was applied

to Equation (11) to determine the unknown
constants a, B, y and K..
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A decay rate coefficient expression of the form
of Equation (10) was developed for both free
and total chlorine decay, for each kinetic model
mentioned in Section 2.1.3. Table 4 presents
the derived r? values for each function.

Table 4: r* values for each decay rate function
(No. of samples = 25)

(R 2nd Combined 1st Order [Combined 1st/2nd

Order |Order jt<4 t>4 Order t<4 t>4
Free Cl; }0.5436|0.9275{0.7234 0.3223 10.8961 0.3223
Total Cl; {0.6337[0.917710.8676 {0.3670 }{0.9311 0.3670

The first order decay rate coefficient
expressions for free and total chlorine gave
poor r? values due to the poor fit of first order
decay models associated with high DOC
samples. This was confirmed when the higher
DOC sample data (DOC > 9.5 mg/L) were
excluded from the multiple regression analysis,
giving higher r? values (Table 5).

Table 5: r* values for each decay rate function
(No. of samples = 16)

1st Combined 1st Order [Combined 1st/2nd

Order |27 Orderly s t>4 |0

rder t<4 t>4
Free Cl; [0.929710.9504 [0.9080 10.8241 |0.8344 [0.8241
Total Cl, [0.9273{0.9403 |0.9128 {0.8810 [0.8747 10.8810

The power factors calculated indicate the
relative influence of each parameter. Small
values of y indicate that the mixing energy has
a lesser influence on the rate of decay of
chlorine, while larger values of o and f3 indicate
that temperature and DOC have a greater
influence on the rate of decay of chlorine.

The following models were developed:

1st Order Model:

Kiree= 1.3x1 0'3(7')0'75(DOC)1 .24(G+1 )0>o4

Keotar = 1.3x10°3(T)° "5 (DOC)* (G +1)>%* (13)
2nd Order Model:
Kiree= Tx1 0_6(7-)1 'SS(DOC)3'34(G+1 )0.03 (14)

Kiotar = 2.1x10°%(T)*3(DOC)**3(G+1)**
3.2 Mannum-Adelaide Pipeline Model

To determine the accuracy of the EPANET
models, the total and free chlorine
concentrations produced by the alternative first
order reaction models were compared with the
concentrations measured in the field at the
time of sampling.

3.2.1 Calibration study results

Ciaire(mol) 288

&~

(hiaire Dosirg Rart - FRdd Sampe Tdd haire
A P Tarts ("oljoBs
“[\eemm )
-+ 4+ ReedfionMocH #1 Reddion Teid
. 2arRirnt 1180am Haire (rol) 288
SR T
'''''''' o T | . R o

dloTep 2D

[2)
?l

N

Total Chiorine Residual (ma/L}

-

...:::'..:::::)
Mﬂgwmr

1Dm

0 M 0000 k3ete) 00 0 X0
DearefomMrLmCHairetT (1)

Figure 3: Model output, showing the total
chlorine residual at the sampling locations

D

using a rapid initial decay rate for time < 1 hour

29/8/98
For the simulation on the 29" August 1998,

Figure 3 shows a graphical comparison of the
predicted and observed total chlorine
concentrations.

It can be seen in this figure that the two
reaction models provide a good prediction for
the first sampling point. However, both models
under-predict the chlorine concentrations at
the remaining locations. A similar scenario for
the predicted free chlorine concentrations was
also observed.

After observing the graphical representation of
the results, it is apparent that the chlorine
concentrations are displaced shortly after the 2
km Tap and the maximum error occurs in the
vicinity of the Pump Station No. 2 Sampling
Tap. After further analysis of the EPANET
model, it was found that the initial chlorine
decay rate (0<t<1 hour) was too rapid and was
not providing a good representation of the
observed chiorine concentrations in the field.
This could be attributed to the idealised
conditions present in the laboratory studies
(i.e. uniform mixing), thus giving rise to a more
rapid initial decay in the laboratory as opposed
to the initial decay observed in the field. Non-
uniform mixing during initial stages in the
pipeline may have reduced the initial decay
rate of the chlorine.

The initial chlorine level is a factor influencing
the initial decay rate of chlorine. Studies by
Vasconcelos et al. (1995) have found that the
lower the initial chlorine concentration is, the
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Totat Chlorine Residual (mg/L

higher the rate of chlorine consumption is.
Since the chlorine was dosed at a lower rate in
the laboratory, the initial decay of chlorine was
more rapid in the laboratory (5.5 mg/L) than
observed in the field, which is consistent with
our findings.

The erratic nature of this initial decay process
is difficult to predict (Vasconcelos ef al. 1995)
and to calibrate the model for the conditions
observed in the field, the initial rapid decay
was assumed to only apply to the first

+30 minutes of travel time within the pipe. After
analysing various alternative models, this was
found to provide the most accurate prediction
of the observed chlorine concentrations. The
same decay coefficient for time less than one
hour was used, but was applied to a smaller
section of pipe corresponding to a travel time
of 30 minutes.

Using the adjusted model, another simulation
for the 29™ August 1998 was conducted. By
reducing the section of pipe modelled using
the rapid initial decay, a better fit to the
observed field data was obtained.

3.2.2 Verification of study results

In order to verify the calibrated model, a
simulation was conducted to model the
observed field data collected on the 7"
September 1998. Both reaction models had
been calibrated to model the initial rapid decay
of chlorine using a large first order decay
coefficient for the first 30 minutes of travel time
in the pipeline.

7

Figure 4 shows the predicted and observed
total chlorine concentrations for the simulation
on the 7" September 1998. This figure shows
that both reaction models provided a good fit to
the observed total chlorine concentrations.
Reaction model #2 slightly over-predicted the
total chlorine concentration at the three points
after the 2 km Tap. It was found that both
reaction models also provided a very good fit
to the observed free chlorine concentrations.

The results from the simulation on the 7\
September 1998 provided verification that the
calibrated model was capable of providing a
good fit to the observed free and total chlorine
measurements in the field.

Table 6 shows a comparison of the reaction
models. To compare the reaction models in the
calibration and verification, the average
absolute error, the average percentage error
and the correlation between predicted and
observed values was calculated.

Table 6: Comparison of alternative chlorine

reaction models
cecea i e e D el e Correlation”
| Between
B 1

Reation”
Model

il )

Reaction

th
Model #1 29™ Aug. 1998
£<0.5 h, Total Chlorine 0.145 5.79 99.3
1% order
bulk decay, Free Chlorine 0.173 8.67 99.9
ki;
0.5 h, 7" Sept. 1998
1% order
bulk decay, Total Chlorine  0.155 412 98.3
ko
Free Chlorine 0.080 2,22 99.8

Reaction th
Model #2 29" Aug. 1998
{<0.5 h, Total Chlorine 0.168 6.87 99.0
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Figure 4: Model output on 7/9/98, showing the
total chlorine residual at the sampling locations
using a rapid initial decay rate for time < 0.5
hours

For all simulations, reaction model #1 provided
the best correlation with observed values and
the least average absolute error. Reaction
model #1 also provided the least average
percentage error with the exception of the free
chlorine simulation on the 29™ August 1998.
From the results presented in Table 6, itis
evident that reaction model #1 provided the
better fit to the observed field data.
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3.3 River Model
3.3.1 Hydraulic calibration

Calibration of the hydraulic component of the
river model involved determining a value of
Manning's n for each of the reaches.
Manning's n values were found to vary
between 0.0589 and 0.3387, which were
indicative of the rocky, obstructed, meandering
nature of the river. These values also confer
with Lambert (1997) and Chow (1951) for very
rocky non-straight natural channels.

3.3.2 Water quality calibration - field data

Calibration of the water quality component of
the model involved determining second order
total and free chlorine decay rate coefficients.
The water quality data obtained in the field was
plotted with respect to time and second order
decay rate coefficients were fit to the data
using a least squares technique.

The second order total and free chlorine decay
coefficients from the calibration run on October
13" 1998 are:
kot = 0.4109 hr™ Kiree = 1.1324 hr*
Figure 5 shows the observed results plotted

with the results predicted using the second
order decay model for October 13", 1998.

o @ Actual Cltot
1 | =——Wodsl Citot
M Actusl Clfres
dal Cifreo

°
-

Concentration (mafl)

500 1000 500 2000 2500 3000

Figure 5: Observed and predicted results (field)
vs. downstream distance 13/10/98

The results observed in the field using the
Palintest equipment fluctuate greatly, and only
provide indicative levels of total and free
chlorine concentrations.

The observed total chlorine concentrations
decay rapidly for the first 700 m downstream of
the dissipator and then decay gradually to the

end of the modelling region. The total chlorine
decay model provides a reasonably accurate
fit to the observed data, but slightly under-
predicts the initial decay of total chiorine.

The observed free chlorine concentrations
decay rapidly in the first 500 m downstream of
the dissipator and then remain relatively
constant at around 0.2 mg/L for the remainder
of the modelling region. The free chlorine
model under-predicts the initial decay of
chlorine and as a consequence, the observed
free chlorine concentrations are over-predicted
for the majority of the modelling region.

The accuracy of the free and total chlorine
decay modeis using field derived decay rate
coefficients is summarised in Table 7.

Table 7: Accuracy of total and free chlorine

decay models (fieid derived coefficients
Total Cl Free Cl
Average absolute error (mg/L) 0.08 0.07
Average relative error (%) 12.64 32.31
Correlation 0.87 0.85

3.3.3 Laboratory derived decay rate functions

The second order laboratory derived decay
rate functions (Eq. 14 and 15) were adapted
for use in the river model. As these functions
were derived from tests conducted with no light
and no liquid-air interface, a multiplying factor
was included in each of the functions to model
the additional loss of chlorine via these
mechanisms. The total chlorine multiplying
factor is 1.25 and the free chlorine multiplying
factor is 1.47.

The mixing energy term, G, was ignored in the
computation of chlorine decay coefficients for
the river due to the small relative effect of
mixing energy on decay rates found in the
laboratory studies.

The second order laboratory derived decay
rate functions adapted for use in the river
model are:

Koo = (1.25)(2.06x1075)(T) 4457 (DOC) 2% (16)

k free = (147)(7.05% 1075)(T) %1 (DOC)*37 (17)

The observed temperature and DOC for the
calibration run on October 13", 1998 was:
T=17.4°C, DOC = 6.5 mg/L
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The second order total and free chlorine decay
coefficients obtained using Eq. (16) and (17)
are:

Kot = 0.1233 hr! Kiee = 0.5977 hrt

Figure 6 shows the results produced using the
laboratory derived decay coefficients
compared with the observed results. This
figure shows that the decay model using the
laboratory derived decay coefficients does not
accurately predict the decay of free or total
chlorine. In both cases (total and free chlorine)
the model fails to predict the initial decay of
chlorine, resulting in chlorine concentrations
being over-predicted throughout the modelling
region. The free chlorine model converges to
the observed results by the end of the
modelling region, but only because free
chlorine concentrations remain relatively
constant throughout the modelling region after

1.2 e
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;
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Downstream distance (m)

Figure 6: Observed and predicted results
(laboratory) vs. downstream distance
13/10/98

the initial decay, enabling the model prediction
to "catch up".

The accuracy of the free and total chlorine
decay models using the laboratory derived
decay rate coefficients is summarised in Table
8.

Table 8: Accuracy of total and free chlorine
decay models (laboratory derived coefficients)

Total Cl Free Cl
Average absolute error (mg/L) 0.18 0.11
Average relative error (%) 38.79 51.59
Correlation 0.85 0.81

3.3.4 Fortran 77 computer model

A computer program coded in Fortran 77 has
been developed to provide a user-friendly
interface for the river model. An IBM-
compatible computer is required to run the

computer model. The program will run from
either an MS-DOS box in Windows 95/98, or
directly from MS-DOS.

The program has been designed so that the
user is prompted for all inputs to the model
step-by-step. The results for the simulation are
output to a separate output file which is
specified by the user, and can either be viewed
directly or can be opened in a spreadsheet
application for further manipulation or graphical
display of results. The output file contains all of
the user-defined input data, concentrations of
total and free chlorine at various times and
corresponding distances downstream of the
dissipator and the zone of influence of total
and free chlorine for specified concentration
limits.

4 CONCLUSION

Analysis of results from the laboratory studies
concluded that DOC levels significantly
influenced the rate of decay of chlorine.
Temperature also had a significant effect on
chlorine decay, while mixing energy induced
little significance on the decay.

The results from the pipeline reaction models
analysed suggest that chiorine kinetics can be
effectively modelled using first order equations
for the decay in the bulk flow. It is evident that
more data needs to be collected to accurately
model the rapid initial decay of chiorine. Once
the rapid initial decay used in the pipeline
models had been calibrated, the predicted
chlorine concentrations provided a very good
fit to the chlorine concentrations observed in
the field. Reaction model #1 provided a better
prediction of the chlorine residuals in both the
calibration study and in the verification study.

Despite the accuracy produced by the first
order model, it is evident from the laboratory
studies that second order kinetics provide a
superior prediction of chlorine decay under a
range of environmental conditions. This was
indicated by the accuracy of the second order
fit to the laboratory data. The EPANET water
quality simulation software (version 1.1e) uses
first order kinetics to model the chlorine decay
kinetics in the bulk flow. The results of this
study show that the software should be
modified to incorporate second order kinetics.
In general, given the limitation of a first order
model, the reaction models provided an
accurate prediction of the observed chlorine
residuals. At most sampling points the model
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slightly under-predicted the chlorine
concentrations in the pipeline. The results
produced suggest that the influence of pipe
wall decay is not significant in the Mannum-—
Adelaide Pipeline.

The ability of the model to match the chlorine
concentrations at the sampling locations is
reflected by the high correlation values in
Table 6. In all simulations, the correlation
between the observed and predicted chiorine
concentrations exceeded 0.977. This is
consistent with other studies conducted in the
U.S. by Vasconcelos et al. 1997, aimed at
modelling chlorine decay in distribution
systems.

On average, the reaction models were able to
reproduce the chlorine concentrations
observed in the field with an absolute error in
the range of 0.080 to 0.210 mg/L and a
percentage error between 2.22 and 8.67 %.
Compared with other studies, the errors
produced from the calibrated model are small,
however, some of these errors can be
attributed to the variability in the method used
for measuring the chlorine residual. The
Palintest DPD method was used in this study
to measure the total and free chlorine residual.
For the Palintest DPD method, the variability
can be as high as 15% (Gordon ef al. 1992).

The developed model provides a powerful tool
to assist SA Water in selecting operational
strategies to balance between the needs of
providing residual protection for consumers
who receive their water directly from the
pipeline and to also consider the needs of the
environment.

Chlorine concentrations being released from
the Mount Pleasant dissipator are likely to
have an adverse effect on the environment.
The affected zone of the River Torrens, under
conditions of moderate to high chlorine levels
and negligible natural flow, is 3-5 km
downstream of the Mount Pleasant Dissipator.

Total chlorine concentrations at the dissipator
were found to vary between 1 mg/L and

3 mg/L, depending on chlorine dosing levels,
water quality parameters and pumping
regimes. The persistence of chlorine
downstream of the dissipator was found to be
greatest when natural streamflow was
negligible. When natural streamflow was high,
chlorine levels were observed to fall rapidly

immediately downstream of the dissipator
through dilution processes.

The results produced using the laboratory
derived total and free chlorine decay rate
coefficients were found to significantly over-
predict the observed data. It is likely that the
studies conducted in the laboratory did not
adequately simulate all of the possible decay
mechanisms of the natural stream.

The accuracy of the Palintest equipment used
to measure the total and free chlorine
concentrations is questionable, especially
further downstream when concentrations are
negligible. The model cannot be calibrated and
verified accurately when the field data is
imprecise.

5 RECOMMENDATIONS

Further laboratory studies should be
conducted to analyse alternative kinetic decay
models under a greater range of conditions.
More detailed analysis of the initial rapid decay
should be conducted to improve the accuracy
of prediction models.

The results from the field investigations
indicate that chlorine concentrations entering
the River Torrens via the Mount Pleasant
Dissipator were at times excessive. For
example, on September 22", 1998, the total
and free chlorine concentrations at the Mount
Pleasant Dissipator were as high as 3.8 mg/L
and 3.0 mg/L respectively. The pipeline model
can be utilised to significantly reduce these
levels of chlorine by predicting residual
concentrations just prior to the Summit Storage
(a booster chlorination plant is located at the
outlet to the Summit Storage). Given an initial
dosage rate, DOC concentration, temperature,
and pumping schedule, the model will provide
predicted chlorine concentrations along the
pumping section of the Mannum-Adelaide
Pipeline and the Mount Pleasant Branch Main.
In addition, the model can also be used so that
dosage rates could be adjusted to produce the
minimum required residuals.

DOC levels may vary from week to week,
therefore, a more frequent analysis of the DOC
is required. Only a small change in DOC can
have a significant effect on the chlorine decay
rate. Water quality probes and data loggers
could be used to verify actual chiorine
concentrations along the pipeline, to
compliment the model and to enhance its
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accuracy. A remote telemetry system could be
used to relay information from strategically
placed data loggers to a control station. It will
then be possible to use the data collected to
perform a continuous, on-line calibration of the
chlorine decay model as conditions change
with time.

At present, a conservative approach is taken
by dosing analysts. This is largely due to the
lack of information relating to the decay of
chlorine in the system. Given a chlorine decay
model, it is possible to predict the decay of
chlorine in the system and hence, reduce the
amount of chlorine dosed. The savings
achieved could considerably outweigh the cost
of purchasing water quality devices (probes
and data loggers), and would provide further
savings in the future.

A simple analysis of costs incurred from
chlorination during a typical year totalled $525
000. Assuming it is possible to achieve a 10 %
reduction in the amount of chlorine dosed, a
total saving of $52 500 can be achieved. A
further benefit in reducing the initial chlorine
dose is a reduction in the amount of chlorine
discharged into the River Torrens.

The developed model of the River Torrens
gives indicative values of the zone of influence
of chlorine within the modelling region. Further
studies could be performed in this field to
improve the accuracy of the model, including:

o studies into the decay mechanisms of
chlorine within the natural river system so
that decay rate coefficients derived in the
laboratory more accurately model the
observed data;

e investigation of different decay models
such as n" order, parallel first order and
limited first order models;

o closer investigation of the gradually-varying
and unsteady-flow regions within the
modelling region including the effects of
control structures;

¢ more accurate in-field chlorine
measurement apparatus;

» development of a time-varying model which
considers changes in input conditions and
inputs within the modelling region (such as
the five small ungauged creeks), and

» developing a velocity profile for each of the
reaches to more accurately predict the
travel times of the flow.
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Investigation of water quality decline in a natural wetland

Kylie Hyde IEAust (stud.)
Anne-Marie Piesse IEAust (stud.)
Thomas Carrangis IEAust (stud.)

Department of Civil and Environmental Engineering, University of Adelaide

Summary: Gordon Swamp is a 25 hectare freshwater wetland located 20 km south of Naracoorte,
in the south east of South Australia. A reduction in the health of the wetland led to a water quality
investigation involving laboratory and in situ testing. The monitoring program analysed parameters
including turbidity, total suspended solids, nutrient concentrations, ionic composition and algal
biomass of the water in the wetland and the drainage channel. The water was found to be highly
turbid and this was adversely affecting the health of the aquatic communities. Further
investigations into the catchment and nature of the sediment revealed that the sediment was
predominantly fine dispersible inorganic particles, being eroded from a drainage channel incised
through a clay basin in the catchment. To ameliorate the problem a solution was developed which

involves preventing further erosion of the channel, and removing the sediment that is currently
suspended in the wetland. Only 8% of the original wetlands of the south east of South Australia
remain, many of which are severely degraded, such as Gordon Swamp. Conservation efforts,
therefore, should be focused on rehabilitating the degraded remains of this once extensive

ecosystem.
1 INTRODUCTION

Gordon Swamp is a freshwater wetland
located 20 km south of Naracoorte, in the
south east of South Australia. This natural
wetland is located in an agricultural area, and
the wetland and surrounds have been grazed
for over a century. Originally an ephemeral
wetland, the water regime has been altered
through the development of a drainage
scheme aimed at securing more productive
agricultural land in the catchment, creating a
permanent wetland system.

The local catchment of Gordon Swamp may
be seen in Figure 1, including the excavated
drainage channel that has been constructed
to drain the large depression east of the
wetland. The catchment for Gordon Swamp
extends beyond Figure 1, as itis the lastin a
chain of swamps originating beyond the
Victorian border. These swamps originally
filled and overflowed into each other during
periods of high rainfall, however, excavated
channels linking several of these have led to
the increased volume of water entering
Gordon Swamp.

The capacity of Gordon Swamp and many
neighbouring wetlands is defined by their
location in low points of the karst landscape.
Karst topography in this region is

characterised by sinks, solution valleys and
other features produced by groundwater
eroding the Gambier limestone. This calcrete
layer is overlain by ancient sand dunes of the
Pleistocene era and intermittent clay basins
(Drexel and Preiss, 1995).

Gordon Swamp has a surface area of 25
hectares and a capacity of 200 ML.
Bathymetric studies have shown that the
average depth of the wetland when at
capacity is 1.1 m with several deeper sections
which have a depth of over 2.2 m.

Since 1973, the current landowners have
noticed a steady decline in the flora and fauna
populations in the wetland, and a
simultaneous increase in turbidity levels. The
wetland is currently highly turbid, with no
aquatic macrophytes present, but has a high
phytoplankton concentration.

Gordon Swamp is a remnant wetland and the
importance of preserving Gordon Swamp
cannot be underestimated, as only
approximately 8% of the former vast wetland
areas in the south east still exist (South
Eastern Wetlands Committee, 1984). The
current landowners of Gordon Swamp request
for assistance in rehabilitating this area
highlights the growing recognition of the
importance of the remnant wetland
ecosystems. This study is one of the first to
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attempt to quantify the water quality of these
wetlands, and accordingly develop methods
for their rehabilitation.

2 AIMS

The aims of this study were to:

e Investigate the water quality of Gordon
Swamp;

o Identify the cause of the decline in the
health of the wetland,;

e Locate source of any contaminants; and

o Design a cost-effective remediation
program.

3 METHODS
3.1 Hydrological regime

Preliminary calculations undertaken using
historical data found that the largest portion
of flow into Gordon Swamp was through the
excavated drainage channel. To assess the
hydrological regime of Gordon Swamp over
the study period, therefore, a water level
gauge was installed in the wetland, and a V-

notch weir constructed in the drainage
channel to quantify the inflows. To verify these
results, daily rainfall data, and a log of flow
observations made by the landowners during
the study period, were both obtained.

3.2 Water quality testing

Preliminary water quality testing was
undertaken in the initial stages of the study to
identify the water quality parameter(s) likely to
be causing the observed decline in the health
of Gordon Swamp. To assess any water
quality variation across the wetland, in situ
testing and sample collection was undertaken
at six sites in the wetland. A suitable list of
parameters to be tested at Gordon Swamp
was developed from a review of water quality
monitoring programs in the literature. The total
dissolved solids (TDS) concentration was
measured in situ with a TDScan3, while pH
and temperature were measured in situ with a
Hanna Instruments H19023C pH, mV, °C
meter. Secchi depth was also measured in
situ, using a Secchi disk.

- TTITr T~ LEGEND

§ *| Drainage Channel..... -~

% Grassy Swale..........

E, Excavated Channel ... \

E Lake ...ocoveevniinninnnn .
Gordon / @ e

Intermittent Swamp... -

Swamp

€ Naracoorte

Sealed Road

Catchment Boundary. = *

East
Catchment

25 km
NOT TO SCALE
Figure 1: Gordon Swamp and its catchmen ea.
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Water samples were taken from mid-depth at
each site, to obtain an average value of water
quality in the water column (Chamberlain and
Howard, 1996). Analysis of nitrate, phosphate,
iron, copper and sulphate concentrations in
these samples were undertaken using
Palintest©. Laboratory tests were performed at
the University of Adelaide, measuring turbidity
(using a Jackson Tube and a 2100P
Turbidimeter), chlorophyll-a (using a
Spectronic 21) which is a measure of
phytoplankton biomass, and total suspended
sediment (TSS) concentration (using vacuum
filtration - 1.2um GF/C filter paper).

To obtain a representation of what the water
quality of Gordon Swamp was likely to have
been before it deteriorated, the same water
quality testing was also undertaken at Rule
Swamp (Chapman, 1996), which is a relatively
undisturbed wetland located near Gordon
Swamp which has similar catchment
characteristics (Slocombe, 1998).

Duplicate and replicate samples were taken at
random intervals to assess the accuracy of the
equipment used during testing, as part of the
quality assurance for the testing program. In
addition to this, a selection of water samples
was sent to the Australian Water Quality
Centre (AWQC) for analysis and to assess the
accuracy of the testing methods being
performed.

Where possible, the results of the testing were
compared with the Australian and New
Zealand Environment and Conservation
Council (ANZECC) Guidelines for Protection of
Aquatic Ecosystems.

To assess the nature of the suspended matter
causing the elevated turbidity of Gordon
Swamp, analysis of the matter was undertaken
by comparing the turbidity results obtained at
the wetland, with the quantified contribution of
each of the four components of turbidity. These
components are the attenuation of light due to
the water itself, dissolved yellow substances
produced through the decomposition of organic
matter (gilvin), inorganic particulate matter
(tripton) and phytoplankton (Kirk, 1983).

In addition to this, a water sample from Gordon
Swamp was centrifuged to concentrate the
suspended matter. The mineralogy of the
sediment in the centrifuged fraction was

assessed by use of a Philips PW1050 XRay
Diffractometer.

3.3 Source of suspended sediment

Several possible sources for the suspended
inorganic sediment found to be causing
turbidity in Gordon Swamp were identified.
These included resuspended sediments from
within the wetland, the local catchment area, or
the catchment area east of the property
boundary.

The possibility of elevated turbidity levels being
caused by resuspended sediment from the
wetland floor was assessed through performing
a settling test in the laboratory on a water
sample collected from Gordon Swamp. This
involved allowing the water in a 1L bottle to
settle naturally under controlied conditions.
Turbidity levels in the bottle were measured at
24 hour intervals using a 2100P Turbidimeter.

To identify whether the major source of eroded
sediment in Gordon Swamp was the excavated
channel west of Settlement Road (Figure 1), or
some remote source, several monitoring
instruments were installed. These included
three turbidity meters (Turbidity Sensor TS300)
located at points along the channel, and two
transects of erosion pins. The turbidity meters
were installed to measure the variability in
turbidity along the excavated channel.

To obtain a quantitative measure of channel
erosion, two transects of erosion pins were
placed in the drainage channel (Lawler, 1993).
The steel erosion pins were 30 cm in length
and 3 mm in diameter.

A continuing water quality monitoring program
was established to record any changes in
water quality in the wetland during the
monitoring period from April to September
1998. Weekly water samples were sent to the
University of Adelaide for analysis. In addition,
a Turbidity Sensor TS300 was installed in the
wetland at the mouth of the inlet channel, to
monitor the turbidity of the water in the wetland
over the study period.

Additionally, the mineralogy of sediment
collected from the clay walls of the drainage
channel was determined using a Philips
PW1050 XRay Diffractometer. This is the same
instrument used to determine the mineralogy of
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the centrifuged water sample from Gordon
Swamp.

3.4 Developing solutions

Initially, a literature review was undertaken to
identify a range of possible ways to reduce
turbidity levels in Gordon Swamp.

In response to this, both in sifu and laboratory
experiments were undertaken to assess the
effectiveness of gypsum as a flocculant to
remove sediment currently suspended in the
wetland. An in situ test was performed in an
isolated section of the wetland, with 22 kg/m®
of gypsum being applied. Two laboratory tests
were then performed to determine the
application rate and settling time required to
most effectively reduce the high turbidity levels
in Gordon Swamp. In the first test, four
different application rates were applied to four
1L containers of water from the wetland.
Turbidity in these containers was compared to
a control in which no gypsum was applied.
Manual agitation was introduced into the
second test, as well as higher application rates
of gypsum.

To assess the effectiveness of straw bale-
geotextile fabric sediment filters (Hunt, 1992) in
reducing sediment load in the flow, two such
filters were installed across the drainage
channel. These structures are simple to erect
and inexpensive, they act as sediment traps
and may be employed to prevent streambank
erosion. Turbidity meters were installed on the
sediment filters to assess the effectiveness of
these structures in decreasing the sediment
load.

4 RESULTS AND DISCUSSION
~ 4.1 Hydrological regime

During the period of the study, five major flow
events were observed (Table 1). Due to
structural problems with the weir design, the
magnitudes of these flow events were not
accurately recorded. The increase in water
level recorded in Gordon Swamp was used to
estimate the amount of water entering the
wetland during the period of the study and was
calculated to be approximately 144 ML.

Table 1: Flow events in the drainage channel

Flow Date of Period of Max. Flow
Event | Observed Recorded Measured
Flow Flow (m%/sec)

1 28 - 30 July not not recorded
recorded

2 12 - 14 Aug. | 23 hours 0.00¢

3 12 - 17 Sept. | 26 hours 0.01

4 22 - 25 Sept. | 19.5 hours | 0.41

5 6 -7 Oct. not not recorded
recorded

Observations made by the landowners over the
study period showed that flow into Gordon
Swamp during the first three flow events,
originated primarily in the north catchment area
(Figure 1). The timing for these flows
correlated with intense rainfall events identified
in the rainfall records for the period. Flow from
the last two events originated primarily in the
east catchment area. It was therefore
concluded that flow in the eastern drainage
channel does not occur until the wetlands and
runaway holes located in the east catchment
area have filled and are overflowing. Due to the
nature of the catchment, determining an
accurate hydrological regime for the wetland
system is a complex problem.

4.2 Water quality testing

A summary of the results obtained from the
preliminary water quality testing may be seen
in Table 2. Little variation in the parameters
measured at each of the six sites in Gordon
Swamp was found, and therefore an average
value for the wetland was calculated. From
Table 2 it can be seen that TDS, chlorophyll-a,
TSS, iron and phosphate concentrations
measured in Gordon Swamp were
considerably higher than those measured in
Rule Swamp. Additionally, Secchi depth in
Rule Swamp was found to be considerably
greater than in Gordon Swamp, indicating a
higher transparency. By comparison with the
ANZECC Guidelines, it can be seen that
chlorophyll-a concentrations in Gordon Swamp
indicated high algal growth.

Analysis of duplicate and replicate water
samples taken during preliminary testing
showed that the error in the procedures and
equipment was minimal for all tests, with the
exception of those undertaken using the
Palintest©. This can be seen by the large
variation in the laboratory results of ionic
composition obtained.
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Table 2: Preliminary water quality results of
Gordon Swamp (17 June 1998) and Rule Swamp

(18 June 1998)
Gordon | Gordon | Rule ANZECC*
Swamp | Swamp | Swamp
Range Averag
e
In Situ Results
Temp. 9.0-15 | 122 11.0 <2°C
(°C) increase
pH 7.5~ 8.1 7.6 6.5-9.0
8.6
TDS (uS) | 400 — 434 280 -
470
Secchi 0.09- | 0.1 >0.70 -
Depth 0.14
(m)
Laboratory Results
Chlorop | 56.2- 80.6 11.2 >40=high
hyll-a 89.9 algal
| (ug/L) growth
TSS 100- 103 0 <10%
(mg/L) 154 change
Turbidity | 180- 207 - in
(JTU) 260 seasonal
mean
conc.**
Fe 0.18- 0.34 0.12 1.0
(mg/L) 0.40
PO, 0.0- 0.15 0.80 0.01-0.1
(mg/L) 0.45

*Source: ANZECC, 1992,
** Note: ANZECC units are NTU not JTU.

Results from the samples analysed at the
AWQC can be seen in Table 3.

TDS and lead concentrations were analysed by
the AWQC and during the preliminary in situ
and laboratory testing. Comparison of these
results was therefore used to assess the
accuracy of the equipment used in the
preliminary testing. From Table 2 and Table 3 it
can be seen that TDS concentrations
measured by the AWQC were approximately
half the values obtained in the preliminary
testing. This indicated either an error in the
calibration of the in situ measuring equipment
used, or a deterioration of the sample in transit
to the AWQC.

Phosphorus levels measured at the AWQC
were found to be vastly different to the results
obtained during laboratory testing. Results of
the ionic composition of the water samples
analysed in the laboratory using the Palintest©
were found to be considerably variable. It was,
therefore, concluded that the results obtained
from the Palintest®© were unreliable and all
conclusions regarding the ionic composition of

the wetland should be based on analysis by
the AWQC.

Table 3: Australian Water Quality Centre results

Site 1 Site 5 Rule ANZECC
TDS 260 260 160
(mg/L)
Total 0.465 0.461 0.057 0.01-0.1
Phosphoru
s (mg/L)
TKN as 5.14 5.19 2.58
Nitrogen
| (mg/L)
NOz & NO5 | 0.005 0.008 0.012 0.1-0.75
| (mg/L)
Cadmium <0.000 | <0.000 | <0.000 | 0.0002-
(mg/L) 2 2 2 0.002
Chromium | <0.005 | <0.005 | 0.009 0.0002-
| (mg/L) 0.005
fron (mg/L) | 2.92 2.7 1.77 1.0
Lead 0.008 0.008 0.001 0.001-
| (mg/L) 0.005
Zinc (mg/L) | 0.035 0.022 0.5 0.005-0.05

In accordance with the results obtained from
the preliminary water quality testing, results
from the AWQC highlighted excess TDS, TSS
and phosphorus concentrations in Gordon
Swamp. Iron and lead concentrations were
also found to be elevated, however, these
levels could be explained by the leaching of
iron from humic soils during subsurface flows
(Walker, K, 1998, pers. comm.), and past duck
shooting in the wetland.

Phosphorus is an essential element in the
growth of plants, and elevated nutrient levels
are often associated with excess phytoplankton
growth (Reynolds 1984). This was identified as
being a possible cause for the high algal
biomass found in the wetland. Nitrogen,
however, is also an essential element in plant
growth and analysis by the AWQC showed that
nitrogen levels in Gordon Swamp were
particularly low, thus possibly limiting the
growth of phytoplankton.

High TSS, TDS and phytoplankton
concentrations contributing to the turbidity in
the wetland were therefore identified as being
the likely cause for the decline in water quality
at Gordon Swamp.

To identify the precise nature of the turbidity,
the contribution of each of the four factors
known to contribute to turbidity, the water itself,
gilvin, tripton and phytoplankton, was analysed
using the method outlined by Kirk (1983). The
sum of the effects of these four components
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produces the vertical attenuation coefficient for
downward irradiance, kq, for the water. This
value may be related to the euphotic depth of
the water, Zg,, by:

4.6 ™)

The euphotic depth at Gordon Swamp was
calculated from Secchi Depth measurements
(Kirk, 1983) to be 0.184 m. This indicates a kq
value of 25 m -, The value of attenuation
attributable to water alone ranges from 0.03 -
0.06 m ", hence it is only a small component
of the total light attenuation. It was therefore
concluded that the main contribution to light
attenuation in the water column must be either
organic matter, such as phytoplankton, or
inorganic suspended sediments.

The weekly water samples obtained from
Gordon Swamp were tested for chlorophyll-a
concentration to determine the contribution
phytoplankton was making to the turbidity. The
contribution of phytoplankton to kq may be
represented as Kpy:

key = B xk¢ (2)

Where:

Bc is the phytoplankton biomass
concentration (mgchlam™®)

k. is the specific vertical attenuation
coefficient per unit of phytoplankton
concentration (m?mgchla™). ke ranges
from 0.0063 - 0.0142 m?mgchla™ for
varying kinds of algal colonies (Kirk
1983).

Using the maximum values for B¢ and ke, a

maximum possible value of light attenuation

attributable to phytoplankton (key) was
calculated to be 0.426 10° m™". This value is
less than 0.002% of the kq calculated,
indicating that turbidity in the wetland due to
the phytoplankton population was insignificant.

it was concluded that the major contributor to
light attenuation in the wetland must be
inorganic suspended sediment. Analysis of soil
and water samples from within Gordon Swamp
was used to define the nature of this sediment.

The sediment from the water in Gordon
Swamp was found to be primarily kaolinite, a
fine dispersive clay. The same analysis was
undertaken on a sample of sediment from the

wetland. Similarly it was found to be primarily
kaolinite, with a small portion of quartz and
illite/muscovite.

These results demonstrated that fine, colloidal
sediments suspended in the water column
caused the turbidity in Gordon Swamp.

4.3 Source of suspended sediment

Following the identification of the nature of the
turbidity as suspended inorganic sediment, the
source of this sediment had to be located, so
that a solution to the problem could be
developed.

The results of the laboratory settling test, to
determine whether the turbidity was caused by
sediments being resuspended from the bottom
of the wetland, are shown in Figure 2.

Figure 2 illustrates that there is minimal
variation in the turbidity of the water sample
from Gordon Swamp over an extended time
period. The laboratory experiments thus
demonstrated that the sediment in the wetland
remained in suspension when stored
undisturbed under laboratory conditions
without resuspension by wind.
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Figure 2: Results of settling test

Sampling from the base of the wetland
revealed a thin layer of fine deposited
sediments and humic matter overlaying coarse
sands endemic to the area. The coarse sand
nature of the wetland substratum indicated that
it was not the source of sediment in the water
column. Thus it was concluded that the fine
suspended sediment originated from a source
external to the wetland.

During a detailed catchment investigation it
was found that there is a large clay basin
immediately upstream of the wetland through
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which the drainage channel had been incised.
Results of the mineralogy of the clay basin
showed that the soil was primarily kaolinite,
with some quartz, illite-smectite and feldspar. It
was therefore concluded that the incised clay
basin was a likely source of the suspended
sediment in Gordon Swamp.

The results of the erosion pins located in the
drainage channel indicated that there is some
erosion of these channel sides and also some
sediment deposition on the channel floor.
However, these results were not conclusive
and only provided an estimate of bank erosion.

In addition to the catchment investigation and
soil analysis, ongoing water quality monitoring
was also undertaken to determine the source
of the suspended sediment in Gordon Swamp.
Despite the intermittent results obtained, due to
the large distance between the University of
Adelaide and the study area, a good
representation of the water quality in the
catchment and Gordon Swamp was achieved.

The most conclusive of the in situ results
obtained was the change in Secchi depth over
the monitoring period and these results can be
seen in Table 5. Despite variations in Secchi
depth at different sampling locations, there is a
distinct increase in Secchi depth from the 31
August to the 11 October 1998. This increase
in Secchi depth is typically from 10 cm to 20
cm, which indicates a large increase in the
transparency of the water, and in the depth of
the euphotic zone.

An increase in temperature was observed
across the wetland from June to August 1998.
This increase was as much as 8°C. pH
measurements ranged from 7.6 to 8.6, which
were within the ANZECC Guidelines.

Table 5: Secchi depth measurements (m) over
the monitoring period

Sampling Site

Date 1 2 3 4 5 6
17-dun_| 0.14 0.09 10090111011 -
31-Aug | 0.11 0.1010.1010.10 {010 ] -
11-Oct | 0.26 0.18 [ 0.2510.21 | 0.23 | 0.23

Conclusive results were also obtained from the
laboratory testing of water samples from
Gordon Swamp and the catchment. Results of
the testing of the chlorophyll-a concentration in
the wetland indicated a marked decrease over
the study period, from 180 mg/L in July to 10

mg/L in October, indicating a reduction in algal
biomass in the wetland following the inflow
events.

The TSS results from the catchment indicated
that prior to Flow Event 4, flows both north and
west of the junction in the drainage channel
had suspended solids concentrations of less
than 19 mg/L. During Flow Event 4, when the
eastern drainage channel began to flow, TSS
increased in both areas of the channel, and
particularly in the channel downstream of the
junction. This high TSS concentration had
decreased once again by the 11 October 1998,
however, it remained considerably higher than
TSS concentrations recorded before Flow
Event 4.

TSS concentrations in Gordon Swamp
decreased considerably over the monitoring
period, especially after each of the flow events.
The results of laboratory testing undertaken on
the weekly samples collected from two sites at
the wetland can be seen in Figure 3. The
results obtained from sites 1 and 5 exhibit a
distinct similarity. It can therefore be concluded
that there is minimal variation of the selected
parameters over the wetland.
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Figure 3: TSS results from sites 1 and 5

Turbidity readings were also obtained for water
samples taken from the catchment area.
Before Flow Event 4, the turbidity readings in
the channel north and west of the junction were
all lower than 35 NTU. After Flow Event 3,
however, turbidity increased considerably west
of the junction, and slightly also in the channel
north of the junction. Turbidity in the channel
west of the junction remained elevated on 11
October 1998, when the majority of flow was
from the channel east of the junction.

The results of the turbidity readings of water
samples from Gordon Swamp (NTU and JTU)
indicated that there was a decrease in turbidity
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in the wetland following the inflow events over
the monitoring period.

In addition to the turbidity results obtained from
the laboratory analysis of collected samples,
results were obtained from turbidity sensors,
which continually measured turbidity over the
monitoring period. The continuous data
obtained from the TS300 Turbidity Sensor
located in Gordon Swamp at the mouth of the
inlet channel (sampling site 2) can be seen in
Figure 4. This sensor appeared to have
recorded turbidity in the wetland quite
accurately. This was determined by comparing
the results obtained in the laboratory testing of
samples collected at sampling site 2 with
results logged by the sensor on that particular
day.

The results from the turbidity sensor, following
removal of apparently spurious data points,
demonstrate a range of turbidity readings from
40 to 170 NTU.

Turbidity (NTU)
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Figure 4: Turbidity in Gordon Swamp June -
October 1998

The sharp decline in turbidity on 30 July 1998
(Figure 4) corresponds with the first flow into
the wetland (Flow Event 1) from the drainage
channel. This flow originated from the northern
part of the catchment (Figure 1) where the
runoff is transported via overland flow and
through a grassy swale.

The turbidity decreased steadily following Flow
Event 3 and Flow Event 4. It was not until Flow
Event 5, when the east catchment area began
to contribute quite considerably, that the
turbidity rose once again (Figure 4).

The ongoing monitoring demonstrated that the
water entering the wetland during the earlier
flow events originated from the north

catchment area and could be characterised by
low turbidity and TSS concentrations.
Following these inflows the TSS, turbidity and
chlorophyll-a concentrations in the wetland
also decreased, while transparency increased.
Flow during the last two flow events, however,
originated predominantly from the east
catchment area, which extends into the
neighbouring properties. Turbidity and TSS
concentrations in flow in the channel increased
dramatically during these flows. As a result of
the testing program it was concluded that
erosion of the excavated sections of the
channel with exposed clay walls, were the
likely source of the sediment entering Gordon
Swamp.

4.4 Developing solutions

A three phase solution was designed to

rehabilitate Gordon Swamp including:

¢ Phase | - Reduce fine clay sediment from
inflowing waters.

e Phase Il - Removing fine clay sediment
currently suspended in Gordon Swamp.

e Phase lll - Re-establish a healthy wetland
ecosystem.

4.4.1 Streambank stabilisation

To achieve Phase | it is recommended that
stabilisation of the streambanks of the
excavated channel sections be undertaken to
reduce erosion in these areas and flows from
the upper catchment be filtered through a
sediment filter if high sediment loads in these
inflows persist. The streambank stabilisation
process will involved the following stages:

o Excluding livestock from the channel via
fencing, including a buffer zone;

e Reshaping rectangular sections of the
channel into a trapezoidal cross-section
with reduced side slopes;

e Creating level sill inlets for overland runoff
entering the grassy swale to avoid erosive
flow concentrations;

« Revegetating channel slopes; and

e Constructing check dams to slow the
velocity of flow in the channel during
revegetation.

The exciusion of livestock from the excavated
channel bed can be achieved by fencing off
this area, including a buffer zone. Fencing will
allow for the revegetation of the channel and
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adjacent area while preventing further erosion
in the channel.

Stabilisation of the channel bed can be
achieved by revegetating exposed soils and
regrading the channel to widen the channe!
and reduce the bank slopes. These
modifications will decrease the erosion
potential by reducing the velocity of the water
and eliminating the potential for bank collapse
(Institution of Engineers, Australia, 1996).

The scope of the project limits rehabilitation
works to the west of Settlement Road (Figure
1). Assuming that highly turbid flows will
continue to enter the channel from further
upstream, sediment filters will be required to
reduce the sediment load in this flow. The
effectiveness of the straw-bale geotextile
sediment filters installed during the study
cannot be accurately assessed due to the
limited number of flow events that occurred
over the study period. Further investigation into
suitable sediment filters is therefore
recommended in the future.

4.4.2 Reducing existing suspended sediment

Several options were considered for the
removal of suspended sediment in Gordon
Swamp, including seasonal drying-out of the
wetland, dredging, and the use of a chemical
flocculant, such as aluminium hydroxide, lime
or gypsum, to increase the sedimentation rate
of the sediment (NSW Department of Housing,
1993). Due to the nature of the sediment in
Gordon Swamp, it was decided that the use of
a chemical flocculant was necessary. Gypsum
was identified as being the only chemical that
did not alter the pH of the receiving water,
which would cause severe damage to the
wetland ecosystem. Laboratory and in situ
tests were therefore undertaken to determine
the most appropriate loading rate for the

gypsum.

The recommended application rate of gypsum
is at least 32 kilograms per 100 cubic metres of
water, and within about 36 to 48 hours the
suspended solid content of the water should
reduce to less than 50 mg/L (NSW Department
of Housing, 1993).

Subject to being dosed with gypsum at a rate
of 22 kg/100m®, the TSS in Gordon South
reduced from 67 mg/L to 30 mg/L in 30 days,

indicating a positive result for the use of
gypsum.

The results of the second gypsum laboratory
test can be seen in Figure 5. The initial turbidity
readings were recorded approximately 2 hours
before gypsum was applied.

Directly after agitation, the turbidity
measurements recorded were considerably
higher than the results presented in Figure 5.
The bottles that had higher gypsum loading
rates showed the greatest increase in turbidity
after agitation, due to the large amount of
additional sediment in the bottles available for
resuspension. Turbidity measurements after
agitation of up to 400 NTU were recorded in
the bottle containing 5.12g/L. gypsum. These
results have not been included in Figure 5, as
the high turbidity readings taken directly after
agitation misrepresent the effectiveness of the
gypsum as a flocculant. However, the
possibility of high turbidity levels being caused
by resuspension of the large amounts of
gypsum added to the wetland, should be taken
into account when selecting a suitable dosing
rate (Ganf, G., 1998, pers. comm.).
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Figure 5: Results of gypsum test #2 without
measurements taken directly after agitation

From Figure 5 it can be seen that the higher
dosing rates of gypsum resulted in a more
rapid reduction in turbidity in the water
samples. The lowest two dosing rates had
minimal success in reducing the turbidity below
the natural reduction recorded in the controls.

From these preliminary results, the application
of gypsum to Gordon Swamp is deemed to be
a feasible solution. Despite the rapid reduction
in turbidity recorded in the bottle with the
highest loading rate, due to the risk of
increasing turbidity through resuspension of
the introduced gypsum, it is recommended that
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a loading rate of approximately 128 kg/1 oom?®
be used. This result should, however, be
confirmed with further testing of gypsum in the
wetland.

4.4.3 Rehabilitation of the wetland ecosystem

Following the completion of Phase | and Phase
Il solutions, Phase lll will involve returning
Gordon Swamp to a healthy, dynamic wetland
ecosystem. This will involve the development
of a revegetation plan for restoring aquatic
vegetation to the wetland and to the fringing
areas surrounding the wetland. This
revegetation process must be an active
program of reintroduction of the appropriate
flora species, which will encourage the passive
reintroduction of native fauna to the area.

5 CONCLUSIONS

Through an intensive program of water quality
monitoring, soil testing and field investigations
conducted over the five month study period, it
was confirmed that the cause of the water
quality decline in Gordon Swamp was elevated
turbidity levels. The nature of this turbidity was
identified as fine, dispersive, inorganic
material. By extending the water quality
monitoring program to include sampling from
the catchment area, the source of this material
was found to be erosion of the excavated
drainage channel entering Gordon Swamp.

As a result of these findings a three phase
solution to this problem has been developed.
This includes removing fine sediment from
waters flowing into Gordon Swamp from the
drainage channel, removing sediment currently
suspended in the wetland and a long-term
rehabilitation of the wetland ecosystem.

6 FUTURE STUDIES

Over the limited study period, this research
project has successfully identified the cause
and source of water quality decline in a natural
wetland, not previously studied. The
conclusions of the project will form an integral
part of a rehabilitation scheme and long-term
management program for Gordon Swamp. To
further enhance knowledge on this complex
ecosystem, and therefore the methods
required for its rehabilitation, it is

recommended that further studies be
undertaken. These studies should focus on
gaining a more thorough understanding of the
effectiveness of gypsum as a flocculant, the
erosion processes acting in the drainage
channel, including ways to minimise deposition
in Gordon Swamp, and also on understanding
the zoology and long-term water quality
dynamics of the wetland.
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Olive Irrigation

Tony Thomson

Irrigation Engineer, Primary Industries and Resources (PIRSA) Lenswood (08) 8389 8839

Summary: Rapidly increasing areas of olive plantations will increase demand for irrigation water.
The theoretical water volume and water salinity needs of olive trees are examined. Methods are
indicated to reduce water applications without affecting yield or quality, through application of
Regulated Deficit Irrigation and reduced water application during early growth. The economic
returns on olive trees are put in the context of other crops.

1OLIVES NEED LARGE VOLUMES

OF IRRIGATION WATER

Olive trees are drought tolerant. Olives
can grow without irrigation, but the yield
from dryland olives is well below the
yield from irrigated trees. Increasing
areas of olives are being planted
(Figure 1) which will lead to increasing
demand for irrigation water.

For trees planted at
250 trees/ha (eg 8m x
5m) a target fresh fruit
yield is 12.5 t/ha or oil
yield 2 750 L/ha. With
biennial bearing, yields
may fluctuate from 2 to
28 t/ha. In 1996-97, for
the Australian fresh
olive production of

farm gate price for fresh
olives is $0.70/kg ($700/t)
and for oil the farm-gate
bulk price is $4/L.

Costs of growing and
machine harvesting olives
total about $4 000/ha or
$320/t. Minimising
harvesting and pruning
costs will be
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Figure 1: Areas of olive tree plantations by state

2 COSTS AND RETURNS

A conservative annual yield of fresh
olives from fully-irrigated, mature,
commercial, oil-variety olive trees is

20 000 fruit each, averaging 2.5 g or
50 kg/tree. Good commercial yields are
50 to 65 kg/tree and oil varieties should
contain at least 20% oil by fresh weight.
One tonne of fresh oil-variety fruit
should contain 220 L of oil, because
one litre of olive oil weighs 0.9 kg.

642 t (367 growers),
the average Australian
yield from trees aged
more than 6 years was
1.8 t/ha.

The 1996-97 farm gate
price was $3 220/t
(ABS). Olive Industry
Development Officer
Susan Sweeney
advises that a realistic

Nursery tree orders
converted to area at
250 trees/ha

computer
spreadsheet is a
valuable aid to
planning and
budgeting for an
olive
development. An
olive budgeting
spreadsheet
designed by
Duncan Tullet is
available from
PIRSA.

Before finally deciding to
grow olives, investors
should compare the costs
and returns available from
olives (gross margin $/ha,
gross margin $/$ of capital
invested, gross margin
$/hour labour, gross
margin $/kL irrigation
water, years to break
even etc.) with the costs
and returns available from
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other crops for which markets are Apple
already well established, eg grapes,  Potato
oranges, potatoes, apples etc. Sugar
Figure 2 illustrates revenue for Grape
different crops relative to water input, orange
and Figure 3 illustrates revenue in Olive
South Australia per unit area. Cotton

3 IRRIGATION REQUIREMENTS

3.1 Under-irrigation reduces fruit
yield

For maximum production olive trees
need large volumes of irrigation water
(see Table 1 and Figure 6).

For maximum oil production at
Mount Barker, South Australia, in
addition to the rainfall in a year with
average weather, under-tree
sprinkler-irrigated olives, grown
without a cover crop, need 440 mm
of irrigation between 1 September
and 31 March. At Loxton, oil-olives
need 890 mm, at Pinnaroo 730 mm,
at Virginia 670 mm, at Meadows
360 mm, at Keith 520 mm and at
McLaren Vale 490 mm of irrigation.
In an average year in South
Australia, the monthly maximum of
about 25% of the annual irrigation
water is needed in January.

At Wagga Wagga, NSW, oil-olives
need 490 mm, at Mildura, Vic,

900 mm, at Perth, WA, 540 mm, at
Geraldton, WA, 970 mm, at
Launceston, Tas, 220 mm, at
Kingaroy, Qld, 150 mm and at Alice
Springs, NT, 1410 mm. At Kingaroy,
the maximum monthly requirement

is in September and at Alice Springs it
is in October. The January monthly
irrigation requirement is highest in each
of the other locations.

Research from the University of
California by Dave Goldhamer at
Fresno showed that sustained under-
irrigation at every irrigation by 10%
reduced yield by 10% and under-

irrigation by 25% reduced yield by 25%.

Compared with a target yield of
12.5 t/ha ($8 750/ha), sustained under-
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Crop

Nuts and flowers
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200 300 400
Farm gate value ¢/kL 92-93

Figure 2: Farm gate value for crops relative to
water input
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Figure 3: Farm gate value of different crops per unit
area

irrigation by 20% could
reduce yield and farm
gate income by 20%, a
reduction in income of
$1 750/ha.

the maximum monthly
irrigation requirement
(typically the January
figure) when pumping for
a maximum of 20 h/day
and 6 days/week ie. for
120 hours out of the
available 168 h/week. The
remaining 48 hours
provide additional
capacity to meet the
highest irrigation demand

3.2 Maximum
irrigation requirement

The irrigation system
should be designed
with capacity to provide
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in even the driest month of the driest 300
year. The monthly evaporation figures in
a drought year are typically not more
than 10% above the monthly
evaporation figures in an average year.

Table olives need more water. To grow
large fruit (table olives) Goldhamer
found that trees need about 20% more
irrigation water than to grow olives for
maximum oil production.

Irrig mm/mth

3.3 Salinity

Irrigation water salinities up to 1.8 deci-
Siemen per metre (1 080 mg/L) do not Jlrrig 520mm RDI 306mm
affect olive fresh fruit yield. At 2.6 dS/m -=-Evap 1755mm -o- Rain 470mm

(1 560 mg/L) yield is reduced by 10% >« Olive 748mm

and at 5.6 dS/m (3 3600mg/ L) yield may Figure 4: Olive irrigation requirement and
be reduced by up to 50% (Ayers). weather (for maximum oil production at Keith,

4 REGULATED DEFICIT IRRIGATION South Australia)

(RDI)

[
Goldhamer has shown that deliberate '
under-irrigation of mature trees for 12 to !
17 weeks starting after fruit set (about '
15 November in South Australia) can '
reduce the annual irrigation water !
requirement (eg. by 25% and perhaps !
up to 40%) without changing the per j Flower —T .*'" mm
|
|
[
|
I
[
|
[

tree yield of oil (Figure 4). Goldhamer development
suggests that RDI trials in South

Australia on mature (7 year old) trees

could start by providing half the full-

irrigation requirement from about 1

December until about 28 February. Full

irrigation should restart on about 15

January if the shoot growth (which will

carry the next year's crop) (Figure 5) : L ¢ Som 3§
has not reached 30 cm by then. | [Sprng | Summer | Autumn | Winter | Spring [Summer autumn [ wier |
Independent research in Spain by e I T :
Pastor and Orgaz and also by Girona Figure 5: Olive Growth Stages
supports trialing this RDI irrigation
strategy. RDI can also be used to flows ranging from * basic irrigation
increase the volume ratio of olive flesh 153 L/m at principles are applied
to stone. sprinklers located eg. the right amount of
near the pump to water on the right date
RDI can be applied successfully only if: 22 L/m at distant (part of Six steps to
* the irrigation system is spreading sprinkiers. Non- improve irrigation
the water uniformly and delivering uniform water practices); and
the same flow rate from every distribution is typical * based on observation
dripper or sprinkler. At an Olive of most irrigation and recording of
irrigation system evaluation field day systems on most regular soil and plant
at Virginia, South Australia, crops; condition, irrigation
participants measured non-uniform practices are modified.
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5 IRRIGATION OF YOUNG TREES

Goldhamer suggests the Fereres rule of

thumb for the often-asked question

about the amount of irrigation water to
give to young trees:

If the olive canopy shades 10% of the
floor of the orchard (at mid-day) then
apply 20% of the irrigation water which
will be needed by the mature orchard.
For 20% shading apply 40% irrigation
and for 50% shading apply 100% of the

irrigation required by a
mature orchard. A
mature olive orchard
planted at 8m x 5m
shades about 60% of
the orchard floor.

6 MORE
INFORMATION

Copies of documents
by Tony Thomson

Table 1: Olive target irrigation needs, evaporation and rainfall

including Six Steps to
improve irrigation
practices, Olive Irrigation
— 1 and 2’, which includes
Dave Goldhamer's two

most recent
available fro
Centre ($10

papers, are
m Lenswood
each plus

$4.50 to pack and post).

Region Town Evap| Rain| Month of | Maximum Irrigation target
A maximum | monthly For
irrigation | irrigation | maximum |For maximum
(Table) Oil | size (table) oil
mm/y| mm/y mm/month mm/y mm/y
Barossa Nuriootpa 1965 518 145 752 607
Angas Bremer  |Langhorne 1710{ 391 114 665 530
Creek
Northern Virginia 1995| 435 145 817 666
Adelaide Plains
Southern Vales |McLaren Vale 1770] 573 114 620 491
Mid North Clare 2145 633 146 804 648
Lower South East|Penola 1485| 659 98 466 341
Upper South East|Naracoorte 1528| 580 104 484 382
Upper South East|Keith 1755{ 470 124 650 520
Adelaide Hills Lenswood RC | 1340| 1164 54 217 150
Adelaide Hills Macclesfield 1741] 745 107 512 408
Adelaide Hills Meadows 1724| 886 102 466 363
Adelaide Hills Mount Barker 1815| 775 116 587 442
Adelaide Hills Mount Pleasant| 1951| 683 135 670 536
Riverland Berri 2176| 269 157 1093 910
Mallee Pinnaroo 1965 341 144 877 725
Port Lincoln 1605| 485 115 613 498
NSW Wagga Wagga | 1857| 570 Jan (150)124 630 489
Vic Mildura 2161| 280 Jan (179)151 1079 896
Qld Kingaroy 1619| 778[ Sep (66)50 202 151
NT Alice Springs 3054| 272 Oct (219)186 1674 1411
WA Perth 1765| 830 Jan (153)131 658 542
WA Geraldton 2474| 465 Jan (207)179 1150 971
Tas Launceston 1324| 687 Jan (88)70 306 221
|California |Fresno [ 1616] 269] Jul | (154)133 817! 692
Reference: Irrigation water salinity 2.6 dS/m (1560 mg/L) so

Goldhamer DA, Dunai J, Ferguson L (1993). Irrigation
requirements of olive trees and responses to sustained
deficit irrigation. Acta Horticulturae 356: 172-175

Assumptions:

soil store 60 mm/m
+  olive root depth 40 cm
Irrigation distribution uniformity 85%

leaching 10%
Crop Coefficients (for use with reference crop ETo):
maximum size (table olives) Kc=0.75
maximum oil Kc=0.65 (Goldhamer)

Annual irrigation mm can be reduced on mature

(7 year old) olives by (25 to 40)% by correct use of
Regulated Deficit Irrigation (RD})
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Figure 6: Olive tree annual irrigation requirements (draft)

A report The new rural industries — financial indicators was released by the Rural Industries
Research and Development Corporation at Outlook 99 Confernece [Ed]
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Allocation of underground water resources following Proclamation

Tony Thomson

Irrigation Engineer, Primary Industries and Resources (PIRSA) Lenswood (08) 8389 8839

Summary: The process for the management of water resources in South Australia has resulted in non-
sustainable, significant over-allocation and over-use of limited underground water resources. Proclamation
under the Water Resources Act is typically too late and intensive data collection to determine allocations is
required, creating scope for rorting and inequity. Three methods for determining water allocations are
discussed, each with merit regarding simplicity, equity and robustness. Much can be done to improve water use
efficiency, although factors affecting crop yield and quality in relation to water application need better

understanding.

1 UNSUSTAINABLE WATER
ALLOCATIONS

The process for management of water resources in
South Australia has resulted in non-sustainable,
significant over-allocation and over-use of limited
underground water resources.

For example, the Northern Adelaide Plains

(Virginia) was Proclaimed 28 years ago

* in 1967 the volume sustainably available was
7.0 GL/y;

» the total allocation in 94-95 was 27.9 GL/y
which is 4 times the sustainably available and
1.5 times the metered use in 93-94,

+ metered use in 93-4 was 18.9 GL/y, which is
2.7 times that sustainably available.

The picture for the Angas-Bremer (Langhorne
Creek) area is similar, as shown in Table 1.

In the Barossa the total volume of water allocated
does match annual recharge. However, because the
Barossa was not proclaimed soon enough, the
match between recharge and allocation has been
achieved by giving a low allocation to grapes of
only 100 mm/y which is well below their
requirement and will limit grape yield (t/ha) and is
expected to cause increasing problems of salt
accumulation in the root-zones.

In the Southern Vales, if the normal process of
Proclamation had been followed, the availability of
7.6 GL/y and metered use of 6.6 GL in 93-94
would have compared with a total allocation of
11.2 GLYy.

In both the Upper and the Lower South East, if the
normal procedure of applying theoretical crop
water use figures is used to convert from area
licences to volumetric, the allocations will, again,
far exceed actual use by the irrigators.

In Clare Valley, which has recently been
proclaimed, the water resource available is unlikely
to support the expanded area of grapes which has
been planted.

With the existing process it is likely that the Marme
River will be over-committed before it is
proclaimed.

Large areas of inefficient flood irrigation are being
developed each year near Kingston South-East by
growers determined to secure a large share of the
water resource before Proclamation.

The following pages summarise the existing
process of Proclamation and suggest ways to
improve the process.

2 PROCLAMATION PROCESS

The existing process and some suggestions for
improvement, eg Clare, Marne, Lower South East.

2.1 The existing process:
1. Proclamation is typically too late, see table 1;

2. PIRSA (Groundwater Section) require time to
quantify volume available;

3. "Land use survey" (area irrigated) of irrigators
and other water users;

4. Total area licensed, including that allowed due
to "financial commitment" and other criteria
(eg "hardship"), far exceeds the area being
irrigated, eg. Southern Vales: 3400 ha irrigated
increased to 4200 ha licensed;

5. Convert from area to volumetric licences, 3
options:

« theoretical calculated crop target irrigation
needs;

» historical water use (eg. water meter data);

+ equal kL/ha,
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Table 1: Water in Proclaimed Areas: recharge, allocations, use, salinity

| Groundwater resource !
[Barossa tﬁngas Northern [SouthernMid CoonawarraPadthaway
remer |Adelaide [Vales |[North
IPlains
Town |[Nuriootpa Langhome|Virginia [McLarenClare |[Penola INaracoorte
Unit Creek Vale
'Year Proclaimed 1989 1980 1967 1990 ? 1995
'Year first metered 90-91 86-87 70-71 92-93
Recharge GL 4.5 4.5 7.0 7.6 7
IAllocation at GL 43 29 36 plan 7.6 not pro- areaj area|
[Proclamation claimed
Used 1st metered |GL 3.1 12.1 20.5 3.71
Use 93-94 GL 3.6 6.5 18.9 6.33
water
depth inj
boreg
falling]
IAllocation 94-95 IGL 43 13.87 27.9
Salinity 93-94 uS/cm 30005 1300, 22200 22200+
to 4200 to 2200

a After conversions of groundwater licences to licences from Lake Alexandrina 13.8 will become 6.0 GL

The theoretical option typically has been used. This
option increases allocation above metered use, eg
Southern Vales

6. Reduce allocations to match available. Angas
Bremer and Northern Adelaide still have not
balanced use with availability.

2.2 Suggestions for improvement

1. Early Proclamation eg when "use" is only
about 1/4 of "available";

2. Volumetric "water use survey";

3. Immediately allocate a water volume, each
individual allocation based on water use
survey;

4. Auction any additional available water;

5. Annual charge per kL of licence even if not
used; plus annual charge for each kL used;

6. See Dividing the water resource after
Proclamation.

3 DIVIDING THE WATER RESOURCE
AFTER PROCLAMATION

The options for determining the allocation to each

licence are variations on, or combinations of, the

following:

a. Theoretical crop need,;

b. Fraction being used by each licensee at
Proclamation;

c. [Equal division between the irrigated hectares.

3.1 Option a: theoretical crop need

In locations which have been proclaimed to date

(except Barossa) the local committees have:

» used theoretical crop water use values (except
Northern Adelaide Plains);

+ allocated a much larger volume than was being
used; and

+ allocated a much larger volume than was
available;

» then attempted to cancel unused allocations;

+ then, progressively over many years,
incrementally reduced all licences by the same
%, targeting to match the total of all allocations
to the total volume available.

This process was readily accepted by licensees as
no one is initially disadvantaged, but extra water
(which has not been used and is not available!) is
allocated and becomes "sleeper" water. When
allocations are reduced to match the total allocated
to the total available each individual is affected
very differently and the process has been extremely
unfair.

In most locations, the total of allocations still
dramatically exceeds both:

* the volume available and

+ the annual volume of water being used
(See table 1).
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3.2 Option b: fraction being used by each
licensee at Proclamation

Water meters can be used to estimate the fraction
of water being used by each licensee at the time of
Proclamation. The fraction metered as used by
each licensee in the years after Proclamation is
likely to be quite different from the relative use
before Proclamation.

Option b rewards both high and inefficient water
users and penalises both low and efficient water
users. It rewards any irrigators who have
deliberately inflated their water meter readings and
penalises those whose water meters have stuck.

If the local Water Resource Committee gave an
undertaking to the community that the committee
would base allocations on individual metered water
use it is unlikely that water meter readings would
accurately or fairly reflect irrigation practices.

A method to determine the irrigation volume that
was being used by each licensee BEFORE
Proclamation is needed.

Arguments against allocations based on water use

surveys:
+ rewards wasters: solve with upper limits and
charges;

+ penalises developers: solve with "applications
to increase";

+ complex and time consuming to assess
"applications to increase".

However, there are more arguments against

allocations based on water meters:

+ do not reflect pre-Proclamation: solve with
water use survey,

+ deliberate inflation of meter readings: solve
with water use survey;

+ jammed meters: solve with water use survey;

+ need to assure licensees that water meter data
will not be used to set individual allocations.

Allocation based on a "Volumetric Water Use
Survey" can be used to estimate the volume that
was being used by each licence before
Proclamation.

Water meter values after Proclamation are unlikely
to accurately reflect the actual use before
Proclamation because some licensees will
anticipate that the meters may be used to determine
the amount of water which can be pumped in the

future and hence the capital value of an individual
licence.

Questions answered at the time of Proclamation
during the "Land Use Survey" can be used to
estimate volumetric water use before Proclamation.
The total of these estimates would more accurately
reflect total water use than the total of the
theoretical water use figures that have been used to
date. It would also more accurately indicate the
proportion used by each licensee than would the
water meter readings collected in subsequent years
if licensees know that high water meter readings
will give them a high final allocation.

In locations that are not yet proclaimed, a
volumetric allocation could be introduced
immediately after a "Volumetric water use
survey". The following questions could be used to
determine the historical volume of irrigation water
used before Proclamation:

1. Obtain a copy of the pump curve from the
irrigator or ask the name and phone of the
pump installer/supplier, the name of the pump
manufacturer, pump model, impeller size,
motor kW and obtain the pump curve from the
pump manufacturer;

2. Determine the pump flow rate. Measure to
check that the figure is correct using one or
more of a sonic flow meter (eg Fuji, Bais
instruments and control equipment $13 000), a
manometer flow meter (eg Cox, Hydrological
Services $2 000), or a Pelton wheel flow meter
(eg Quadrina, Tempress Controls $5 100) and
measure the average emitter flow and multiply
by the number of emitters;

3. Measure the pump pressure to locate the pump
operating point on the pump curve and record
each of the components of pump pressure (see
PIRSA sheet Investigation of irrigation pumps)
which can also be used to measure the pump
flow rate;

4. Calculate annual pumping hours. Ask a
sequence of questions to ensure accurate
figures: ask for hourmeter on pump, hourmeter
on electric motor or hourmeter on diesel
engine, date irrigation season starts, hours per
irrigation, number of irrigations per week,
number of irrigations per season, date irrigation
season stops and compare with expected 2000
hours.

5. Confirm flow rate and annual hours. For
electric pumps ascertain annual electricity
(kWh) used for pumping from electricity
account records and use this kWh figure and
the formula:
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W= PQT
102n¢
where:

W = annual power use in kWh

P = pump pressure in m
Q=flowinL/s

11 = pump efficiency say 0.7 and

¢ = electric motor efficiency say 0.9;

to confirm flow rate and annual hours.

For diesel pumps, ascertain annual fuel
consummption (L) used for pumping. Use this
figure and the kWh formula above to confirm
flow rate and annual hours assuming that a
typical diesel engine consumes 1L diesel for
2.74 kWh and motor efficiency = 1.0.

Obtain electricity or diesel use records for 3 or
80 previous years.

If this "Volumetric Water Use Survey" method
were used there would be no need for an expensive
program spanning several years of crop monitoring
to determine existing irrigation practices.

Theoretical maximum crop water use calculations
would only be needed to set an "Upper Limit" for
each crop.

Analysis of water meter data may be needed to
compare metered use with the allocation calculated
from the "Volumetric Use Survey".

In locations that are not yet proclaimed, the
preliminary issue of an area-based licence could be
omitted and a volumetric allocation could be
introduced immediately after a "Volumetric Water
Use Survey”.

In locations currently unmetered and using area-
based licences a "Volumetric Water Use Survey",
as described above, could be used to convert from
area to volumetric licences.

3.2.1 Use of water meters to adjust allocations
("individual negotiation") under Option b.

Each licensee will be offered the average of his/her
metered water use for the last three years - the
"proposed allocation”. Where metered use has
exceeded any crop upper limit it will be reduced to
the crop upper limit.

Any licensee unhappy with the proposed allocation
may apply for an increased allocation, which will

be assessed on the following attached "Points for
assessment of applications for increased
allocation". All the applications for increased
allocation will be assessed and adjusted where
accepted.

For every licensee the proposed allocation will then
be further adjusted up or down by multiplying the
initial adjusted allocation by the ratio:

sustainable yield
total initially adjusted allocation

to make the total of all the final allocations equal to
the sustainable yield.

3.2.2 Points for assessment of
"applications for increased allocation"

Each application will be assessed on how well it
addresses each of the following 9 points.

1. Crop upper limits. No allocation may exceed
the upper limit set for each crop. Proposed
upper limits for the Southern Vales are:

Crop irrigation
mm/y
Grapes 275
Almonds 500
Pasture 702
Stonefruit high 810
Stonefruit Low 562
Melons 645
Recreation 462
Summer fodder 597
Strawberries 583
Apple, Cherry High 942
Apple, Cherry Low 657
Avocado 810
Olive high 408
Olive Low 108
Native flowers 150
Continuous plantings:
vegetables 444
cut flowers 272
Pasture 100
starter/finisher
2. The water volume available is restricted to the
sustainable yield;

3. Hence, for permanent horticulture crops the
proposed upper limits do not provide for
summer cover crops or for sprinkler irrigation;

4. Pumping capacity upper limit. For all licences
that were issued NOT on the basis of financial
commitment, the allocation to a site may not
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exceed the pumping capacity at that site
(kL/month) before Proclamation;

3.3 Option c: Equal division between the
irrigated hectares

5. Proof will be needed of:
+ Bore capacity, eg bore flow test as tested when Faimness can be argued for this method.
bore was drilled or subsequent flow tests; The monetary value of the right to water was
+ Pumping capability of the pump in the bore at reflected in the capital value paid for the land. High
the date of Proclamation, determined from water use by the larger users has hastened the date
pump manufacturer, pump model, pump curve, of Proclamation of the resource. High water users
operating pressure and operating flow rate, have already received a larger benefit from their
record of pumping hours during peak water use previous high use of the resource. Why should
month (January) and record of pumping hours. historically high water users continue to receive
For licences that WERE issued on the basis of both a larger share of the capital value of the
financial commitment, no allocation may resource and a larger allocation each year?
exceed the average irrigation depth allocated to
that crop. If accepted, and incorporated into legislation that
overrides common law legislation, "equal division"
6. Larger crop requirement. The application must would dramatically simplify the process of
show: allocation:
EITHER + less need for theoretical calculations;
That the average annual water use has » no need for crop monitoring;
exceeded the proposed allocation: For  less need for analysis of meter data;
Southern Vales the following methods could + lessneed for lengthy committee debates.
apply: 92-95 from water meters, 91-92 from
water meters where available, 89-91 from land An auction among licensees only is one method by
use survey, 87-88 from pump records, fuel which the available resource could be divided
consumption or irrigation depth; between all the irrigated area according to water
OR need. The total proceeds from the auction could be
Reasons why water use metered in any year divided by the number of irrigated hectares and
was artificially low: eg equipment not returned to all the licensees in proportion to the
functioning due to breakdown, young number of irrigated hectares held by each licensee.
plantings, or area being developed and hence
not yet planted. 3.3. 1 Arguments against all same irrigation
depth:
7. Tt will need to be demonstrated that the level of
use applied for will not affect neighbouring + AtProclamation non-irrigators do not get a
bores; the water level in the bore is not falling, licence. Equal division would be to every
and the salinity in the bore is not increasing; hectare in the proclaimed area. Small volume
to every hectare. These allocations would have
8. The following information will support to be bulked for irrigation use. Not practical;
applications: + Each licensee has a different number of
a. Proof that irrigation water is not being wasted hectares, hence different volume, ie why not
to drainage, eg irrigation record of irrigation argue for division of allocation volume by
depth vs date, soil moisture data plotted against number of licences;
date; + Different crops need different irrigation depth;
b. Demonstration of understanding and + Committee and community feeling that some
application of irrigation principles eg individuals are hard done by;
attachment of an irrigation management plan, + Creates sleeper water;
or evaluation of irrigation system performance + Transfers water from more profitable to less
 (pressures, flow rates, distribution uniformity, profitable;
pump efficiency, evaluation of irrigation + Contrary to common law;
management and proof of attendance at + Has been rejected by Tribunal.
Irrigation Workshops); Demonstration that
yield per kL above district average and/or $ Southern Vales different:
gross margin/kL exceeds Australian Bureau + historical average of all crops is equal
Statistics value. irrigation depth to every crop;
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* promise was given not to use water meter
readings;

»  Water use survey data collected with land use
survey at time of Proclamation (May 1990) is
incomplete.

4 VAST VARIATION IN IRRIGATION
PRACTICES

When individuals in a group of irrigators record
and compare their own data they discover that their
irrigation practices differ dramatically between
individuals. The trrigation practices used by many
irrigators also differ from irrigation principles.

Data indicates that there is a need for many
irrigators to dramatically change their irrigation
practices. The changes needed are not just "fine-
tuning": Many irrigators need to halve or double
their annual irrigation application.

Opportunities exist to significantly increase both
yield quantity and yield quality by improving
irrigation system performance and improving
irrigation management practices.

Significant benefits are available from recent

technological advances in soil moisture monitoring

equipment. These include:

* increased yield quantity;,

* increased yield quality;

* maximising the benefit to the crop from
applied fertiliser;

*  minimising pollution of underground waters
with chemicals and fertilisers;

* control of soil salinity,

These benefits cannot be realised where irrigation
systems do not distribute water evenly and where
management of the irrigation system is not
applying basic irrigation principles.

4.1 Southern Vales grape irrigation practices
91-94

There was a large variation in the annual irrigation
depth applied to grapes. In 93-94 and 92-93
respectively the application on grapes varied from
0 to 820 mm and from 0 to 460 mm.

The pattern with which the annual irrigation depth
was applied varied widely. Within the Landcare
Group there was a variation of 2 to 70 mm per
irrigation. On six trial sites the number of
irrigations varied from 1 to 123 per year.

Soil moisture records showed that some large water
users, and also some small water users, wasted
water to drainage. Soil moisture records also
showed that some large water users did not waste
water to drainage.

Irrigators changed the volume of irrigation water
that they used from one year to the next. After
adjusting for weather differences between 92-93
(wet) and 93-94 (near average) about half the
irrigators increased their water use, many by up to
100% while about half decreased their water use
also by up to 100%. From one year to the next the
irrigators did not vary their annual irrigation depth
by as much as the theoretical variation calculated
from the weather variation. The summer of 91-92
was very dry (target irrigation was 128% of an
average year), 92-93 was very wet (target irrigation
was 48% of average and 93-94 was wetter than
average (target 78% of average).

There was a wide variation in yield for a given
annual irrigation depth. Below 125 mm/y the yield
of shiraz recorded by the Landcare Group in 93-94
ranged from 9.4 to 25.5 t/ha. The highest shiraz
grape yield recorded by the Landcare Group was
27.1 t/ha using 353 mm but 25.4 t/ha of shiraz was
grown using 122 mm,

In 92-93 grape average yields in the Southern
Vales were 8.5 t/ha or 5.2 kg/kL. This compares
with 7.0 t/ha Barossa, 16.4 t/ha Riverland, 7.3 tha
Angas Bremer, 10.9 t/ha for South Australia and
12.6 t/ha for Australia.

The theoretical irrigation needs for grapes in
average weather in the Southern Vales (153 mm)
are less than the needs in Northern Adelaide Plains
(236 mm), Clare (228 mm), Barossa (221 mm),
Angas Bremer (164 mm) but more than Padthaway
(112 mm) and Coonawarra (84 mm).

4.2 Potato irrigation practices in 94-95 in the
Adelaide Hills, Northern Adelaide Plains and
at Bordertown:

The total irrigation applied to Adelaide Hills potato
crops planted in November 94 (dry season) ranged
from 187 to 720 mm. This compares with target
irrigation requirements in a year with average
weather ranging from a minimum of 311 mm for a
potato crop planted in February at Mount Barker to
a maximum of 680 mm for a crop planted in
September at Virginia.

The irrigation depth applied per irrigation ranged
from 10 to 38 mm. Assuming an active root depth
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for potato of 0.3 m, the irrigation depth required at
each irrigation can be estimated as:

0.3 m x 60 mm/m = 20 mm

After this depth is increased for leaching (say
leaching factor LF = 10%) and increased to
compensate for distribution uniformity (say
DU = 85%) the pumping requirement is:

The variation in flow from every emitter should not
exceed +5%.

Those few irrigators who measured sprinkler
pattern distribution uniformity (DU) reported
values ranging from 51 to 84%. For annual crops
DU should exceed 85%. For permanent
horticulture crops DU should exceed 75%. A DU
of 67% is unacceptable.

20/[(1-LF)DU] = 20/[0.9x0.85] = 24 mm

The application rate ranged from 0.4 to 12 mm/h. A
clay-loam soil can uptake water at 2 mm/h, a sand

can uptake water at 10 mm/h.

[Ed]

This article was submitted to HYDSOC in 1996

NEWS

Commonwealth Parliamentary
inquiry into catchment
management by House of
Representatives Standing
Committee on Environment
and Heritage. Submissions
close 30 July 1999 at The
Secretary, House of
Representatives Standing
Committee on Environment
and Heritage, Parliament
House Canberra ACT 2600,

email Environment.Reps@aph.gov.au

Further information
www.aph.gov.au/house/committee/environ

tel (02) 6277 4580; fax (02) 6277 4424.

South Australian Parliamentary
inquiry into EPA (SA)

The Australian Democrats
have moved in the Legislative
Council of the South Australian
Parliament to set up an inquiry
into the Environment
Protection Authority by the
Environment, Resources and
Development Committee,
following the oil spill at Port
Stanvac. The HYDSOC
Committee sees this as an
opportunity to make a
submission on the
fragmentation of data
collection and the use of water
quality data archiving systems
which are not compatible with
interstate agencies, since the
corporatisation of EWS and
the transfer of Water
Resources Group to DEHAA
and EPA.

Australia's largest geothermal
airconditioning at AGSO offices
New Canberra offices for the
Australian Geological Survey
Organisation (AGSOQ), formerly
known as the Bureau of
Mineral Resources, Geology
and Geophysics, incorporate
220 geothermal heat pumps to
pump water through loops of
pipe in 350 boreholes up to
100 m deep to exchange heat
with rocks at shallow depth.
Energy savings are expected
to be $1 million over 25 years.
Some photos and a
description of the new building

can be viewed at
www.agso.gov.aulinformation/newbuilding
1.html

Extracted from IAH newsletter vol 15 no 1

Government budgets 99/00

Commonwealth Government
hydrology budget

$ 20 m has been allocated to
regional flood mitigation over 3
years — mainly for levees,
channel improvements, flood
warning systems and voluntary
purchase of property with
matching grants from State
Governments and
contributions from local
Government.

Adelaide Advertiser May 1999.

The Federal budget has
allocated an additional $ 4.8
million to upgrade weather
forecasting services.

Crosscurrent 14/6/99

State Government hydrology

budget

The water budget for DEHAA

includes:

e $11.6m to Murray Darling
basin works;

e $4m to Murray Darling
2001 initiative;

e $1.4m to initiate water
resource management
programs, including the
establishment of the Arid
Areas Catchment Water
Management Board.

e Overall there is a reduction
of $14.5m in the DEHAA
budget.

Full text Budget Papers are

available at
www.treasury.sa.gov.au/budg2k/

Copyright changes to computer
software.

Commonwealth Government
legislation before the Senate
will allow software developers
to decompile programs, if the
information is not readily
provided by its originators, in
order to facilitate error
correction (including Y2K bug),
inter-operability with  other
software and enhance
computer security.

Extracted from the newsletter of the
Institution of Engineers, Australia, South
Australian Division 6/99.
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Australian Rainfall and Runoff
(ARR) update

As process of continous
updating ARR 1987, the 14
chapters have been published
in 8 booklets. Contact
EAIBooks on tel

(02) 9438 5355;

fax (02) 9438 5343.

Book VI (Chapter 13)
Estimation of large and
extreme floods is

the first chapter to be revised.
A copy of the draft is
accessible from
www.skm.com.au/news/papers.htm.
Book IV Part 1 (Chapter 10)
Flood frequency analysis and
Book VIII (Chapter 14) Urban
Stormwater Drainage are next
to be revised and it is
proposed to have a new
chapter Australian Runoff
Quality, so that both quantity
and quality could be
successfully integrated. For

updates see
www.ieaust.org.au/colleges/civil/np/water
engin.htm

Extracted from Civil Engineers Australia
3/99

Roof gardens as runoff
mitigation

In Europe, use is being made
of roof gardens comprising
layered, prevegetated mats of
coir fibre that absorbs rainfall,
a mineral-based substrate that
provides plant nutrients, and,
below, a synthetic matrix that
allows drainage. These are
claimed to be able to reduce
runoff by 2/3, low-
maintenance except for
occasional fertilising and
annual weeding, and require
no irrigation. Other claimed
benefits are improved
aesthetics and amenity;
improved air quality by
trapping dust; noise barrier;
habitat; prolonging roof life by
protection from wind erosion
and ultraviolet light; thermal
insulation; and city-wide
evaporative cooling. Saturated

weight varies from 25-100
kg/m? Germany has financial
incentives for residential
owners, and allows roof
gardens as an option for its
legislated offset to increasing
impervious areas in industrial
areas. In Germany in 1995, 8-
10 km? of roof garden was
anticipated to be constructed.
One German manufacturer is
Bon Terra Weilland GmbH,
Nideggen.

Extracted from Stormwater Industry

Bulletins 24 (December 1995) & 60
(December 1998)

Water efficient housing,
Figtree Place, Newcastle

Roof runoff and stormwater
will meet up to 60% of
domestic consumption in a
new development in
Newcastle. Infrastructure
includes underground tanks,
gravel filled trenches for
rainwater tank overflow, and
recharge of impervious area
runoff with diversion fo
conventional drainage in case
of failure.

Extracted from Stormwater Industry
Bulletin 63 (March 1999)

Cost cutting on safety
Preliminary information from
the Royal Commission into the
Longford (Victoria) gas
explosion in October 1998
indicates that an essential
safety assessment planned for
1995 was not carried out,
there were staff cuts and no
engineers on the site to
diagnose and rectify
problems, as they had been
transferred to head office in
Melbourne. All this raises
questions about infrastructure
maintenance for a company
providing a public good......
Increasingly in the Australian
water industry we need fo ask
these questions.

Bill Rees' Byline in CrossCurrent 10/5/99,

Australian Water and Wastewater
Association.

Catchment management cost
cutting jeopardises safety
Responsibility for the
management of Sydney's
drinking water catchments will
be transferred from Sydney
Water to a new Authority, and
an independent laboratory
established. The proposed
changes are
recommendations from the
McClennan Inquiry interim
finding that the health of
Sydney's drinking water has
been seriously compromised
by decades of piecemeal
planning and the 'fragmented
responsibilities' of various
agencies. 'A modern
treatment plant is not a
substitute for proper
catchment management'
according to McClennan. A
new Environment Planning
Policy will limit development
and regulate activity in the
catchments.

Extracted from CrossCurrent 14/12/98

(Australian Water and Wastewater
Association)

Record warm year for Australia
in 1998 - Bureau of
Meteorology

Australia recorded its highest-
ever annual mean
temperature in 1998 since
high quality data records
began in 1910. The Australian
mean temperature for 1998
was 22.54°C, 0.73°C higher
than the average for the 1961-
1990 reference period.

Despite the new Australian
record, it is unlikely that many
people will remember 1998 as
being particularly warm.
Annual mean temperature
departures are small because
they are averaged over all of
Australia, for all of the year.
Within this overall average
there is a lot of variability, both
in time and throughout
Australia. The largest
contribution to the record
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Australian mean temperature
came from significantly
warmer than usual minimum
temperatures throughout the
northern half of the continent.
Some southern parts were
actually slightly cooler than
normal during 1998.

Warmer land temperatures in
1998 were partly due to
significantly above average
ocean temperatures around
Australia.

The Bureau of Meteorology's
National Climate Centre
calculated the annual mean
temperature from data from
130 non-urban observing
stations throughout Australia.
Many of the sites form part of
Australia's Reference Climate
Station network--a network
established to monitor climate
change.

The record annual mean
temperature for Australia is
consistent with global trends,
in showing continued warming
throughout this century.
According to a statement,
released by the WMO in
December 1998, preliminary
data indicated that 1998 had
the highest global mean
temperature in the
instrumental record since
1860. Last year was the 20™
consecutive year with an
above global mean
temperature.

Extracted from Climate Change
Newsletter No 11(11) 1999,

Australia wetter

Parts of Australia have
become wetter with more
rainy days and more heavy
rainfall. So concludes a
CSIRO study of daily rainfall
at over 300 Australian sites
from 1910 to 1995. Annual
total rainfall has risen by about
15% in New South Wales,
South Australia, Victoria and
the Northern Territory, with

little change in the other
states. Southwest Western
Australia has become 25%
drier in winter.

"There has also been a
significant 10% rise in the
Australian-average number of
rainy days," said the author of
the study, Kevin Hennessy of
CSIRO Atmospheric
Research.

The heaviest daily rainfall has
become 8% more intense in
summer with little change in
the other seasons.

The observations over
Australia during the past
century are consistent with
climate change model results
but there may be other factors
causing the observed
changes, such as landuse
change, burning of vegetation,
ozone depletion, sunspot
activity and long-term natural
variability.

Extracted from CrossCurrent 14/6/99

World Climate Research
Programme (WCRP) laments
declining state of global
climate observing systems

It is likely that, within a short
time, observing systems will
be unable to provide a reliable
assessment of the state of
global climate or detect any
change in climate. The
adequacy of global monitoring
systems in meeting the needs
of the Climate Change
Convention is reviewed in the
final report of the Global
Climate Observing System

(GCOS) Secretariat at
ftp://www.wmo.ch/Documents/qcos/SBST

Avfulireport.pdf

The report received strong
support from the World
Meteorological Organisation
(WMO), the International
Oceanographic Commission
(I0C) and the United Nations
Environment Program (UNEP)
and from an overwhelming

number of countries. The

decision of the Conference of

Parties (COP4) set up under

the United Nations Framework

Convention on Climate

Change is accessible at

wwwiunfcce.de. Elements of the

decision are:

e A mandate to the
agencies participating in
the Climate Agenda
IWMO, UNESCO, I0C,
UNEP, World Health
Organisation. Food and
Agriculture Organisation,
International Council of
Scientific Unions) to
initiate an
intergovernmental
process to establish the
priorities for action to
improve global observing
systems for climate;

e Parties are urged to
support and implement
meteorological,
oceanographic and
terrestrial monitoring
systems within the
framework of the various
global observing systems
and to develop national
observing plans;

e Adirection to parties for
free and unrestricted
exchange of data.

Extracted from Climate Change
Newsletter 11(1) 1999,

UNEP calls for desertification
action

United Nations Environment
Program has launched the 2™
edition of its World Atlas of
Desertification with estimates
of people at risk and a study
on migration and refugees.
Nine issues have been
identified in implementing the
UN Convention to Combat
Desertification.

Extracted from WQI Nov/Dec 1997
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Water Associations
Worldwide (WAW) is
proposed to connect national
and international associations
worldwide, to share
information about
conferences, legislation and
developments and to proffer
advice to international bodies
such as the World Bank.
Australian convenor Chris
Davis: email cdavis@awwa.asn.au

National Land and Water

Audit

Contracts have been let with

the States for projects on:

e Characterising Australia's
water resources.
particularly flow and
quantity

¢ Water allocation, use and
efficiency;

e Categorising water
resources: effectiveness of
current management and
further needs;

e Value of use: case studies
on costs of water and
value of product.

In addition, projects are
proposed on waterway health,
including waterway condition,
water quality, sediment
transport and impacts, estuary
health, landscape health and
cost of degradation.

$29.4 million ($2.5 million for
dryland salinity) has been
allocated under the Natural
Heritage Trust to provide
nationwide assessment of
Australia's land, vegetation
and water resources.

Progressive information at
www.nlwra.gov.au

Contact: Janice Oliver tel
(02) 6257 9516; fax

(02) 6257 9518; email
info@nlwra.gov.au

(Extracted from WATERways, March
1999)

$ 100 000 River Prize offered
by Riverfestival Brisbane
The prize is for outstanding
achievement in river
management, presented to an
individual, organisation,
agency, or group of
organisations. Deadline for the
1999 prize has closed, but
another prize will be awarded
in 2000. The winner will be
announced during the
Riversymposium in Brisbane
29/9/99 to 1/10/99.

Details Chairperson,
Riverprize Panel,

Riverfestival, PO Box 5696,
West End Qld 4101; tel (07)
3846 7444; fax (07)

3846 7660; email
belinda@riverfestival.com.au

Report warns of global
water crisis

The John Hopkins University
School of Public Health warns
that nearly 0.5 billion people
rising to 2.8 billion by 2025
face shortages of fresh water,
and recommends reducing
demand, slowing population
growth, conserving water and
better management. Water
stress is defined as less than
1700 klL/y.person and water
scarcity less than 1000 kL/y.p.
In the USA groundwater is
being used at 25% more than
its replenishment rate.
Globally over 20% of
freshwater fish species are
endangered, vulnerable or
have recently become extinct.
Extracted from Engineering Technology

Review (Institution of Engineers,
Australia) September 1998.

World Bank and World
Water Vision

The World Water Council, co-
sponsored by FAO, UNEP,
UNDP, UNESCO, WHO,
WMO and the World Bank,
has established a World
Commission on Water for the
21st Century. The
Commission is chaired by Dr

Ismail Serageldin, who is also
Chairman of the Global Water
Partnership and Vice-
President of the World Bank.
The main task of the
Commission is to guide the
development of the Long
Term Vision on Water, Life
and the Environment for the
21st Century (or World Water
Vision) that the Council is
preparing.

The main objective of the
project is to develop a widely
shared vision on the actions
required for tackling water
issues globally and regionally.
The project will be
characterised by a
participatory approach with
extensive consultation and
innovative "out-of-the-box" or
futurist thinking and will
emphasise communication
with groups outside the water
sector. The Vision will be truly
global, including both
developed and developing
regions, but with special
attention given to the needs of
developing countries and of
the poor.

The interim results of the
World Water Vision project will
be discussed at Stockholm
Water Symposium (8/99) and
the final results will be
presented at The 2™ World
Water Forum and Ministerial
Conference, 17-22 March
2000, The Hague, The
Netherlands.

Active contributions to the
World Water Vision process
are invited. Contact World
Water Vision Unit, William J
Cosgrove, Director
(wjcosgrove@compuserve.co
m) or Frank R Rijsberman,
Deputy Director
(f.rijsberman@unesco.org),
c/o UNESCO, Division of
Water Sciences, 1 rue Miollis,
75352 Paris Cedex 15,
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France; tel +33 1 4568 3904,
fax +33 1 4568 5811.

For details of The Vision
contact World Water Council
Secretariat, Les Docks de la
Joliette, Atrium 103, 10 place
de la Joliette 13304, Marseille
Cedex 2, France; tel

+33 4 9199 4100; fax

+33 4 9199 4101; email:

wwe@worldwatercouncii.org

French water utilities object
to pollution tax
Only 20 % (down from initially
proposed 100 %) of water
taxes collected by water
agencies will now go into the
new general tax to fund
control of water pollution
(TGAP), after heavy criticism
from water authorities. The tax
will subsume existing funds
from environmental agencies,
plus a new indirect tax on
polluters. Further taxes are
contemplated including ones
on:
o modification of the flow
regime; and
e agricultural products.

Extracted from WQI January/February
1999.

European sewerage charges
Germany has the highest
sewerage charge of Western
Europe, but also the highest
connection rate. Annual
charges, adjusted to a
common basis to allow for
subsidies, taxes and rainwater
collection, vary from

DM 117/person (ltaly) to DM
305/p (Germany), or 0.38-
0.77 % of GNP. (1 DM = 1
$A). Information from
Professor Rudolph email
rudolph@uni-wh.de

Research funded by UK Water
Industry Research conciuded
from a literature review that
costs of the most severe
water-based illnesses in the
region were 10-40% of GDP,
and that 60-80% of these are

avoidable through water and
sanitation improvements. The
economic burden in Eastern
Europe is estimated at Euro
25/p (1AUD = 0.63 Euro).
Refer www.who.dk/London9g.

Extracted from WQI April 1999

European water research to
change focus

A report by the World Health
Organisation concludes that
water research needs to
become more multidisciplinary
and proactive in preventing
deterioration of water
resources, including emphasis
on: resource conservation and
quality/quantity interactions,
legislation, social and market
based conflicts; behavioural
change, closed systems, and
international cooperation.

The report can be obtained
from Jamie Bartran, WHO
European Centre for
Environment and Health, fax
+39 6 4877599; email

jba@who.it.

A background report of a Task
Force of the European
Commission, planning to
invest £ 200 m (1AUD =~
£0.41) over 5 years on water
related research, is available
from DGXII of the
Commission, Contact
European Commission Joint
Interpreting And Conference
Service, fax +32 2 2953736;
email 5pc.essen@scic.cec.be

Extracted from WQ! Nov/Dec 1997 and
Nov/Dec 1998

A Danish consortium has set

up the Agrovand Centre for

integrated land and water

management. Decisions tools

software will be developed for:

¢ land and water resources
information;

¢ planning tools for water
resources management in
larger river basins;

e agrochemical modelling;

e watershed development
and management; and
¢ remote sensing.

OECD sustainable
agricultural water
management policy

The Organisation for
Economic Cooperation and
Development (OECD) has
published a report on policy
directions for sustainable
agricultural irrigation. The
summary article in WQl
(Nov/Dec 1998) indicates a
similarity with Australian
COAG "reforms", emphasising
pricing reform, transparency of
subsidies, water rights,
institutional reforms and
preparation of state/pressure/
response environmental
indicators. The need for data
collection, social
considerations or economic
distortions through speculation
were not covered in the
summary. The report is
available at www.oscd.org/search.

Extracted from WQI May/June 1999

US EPA to conduct National
Beach Surveys

As part of forcing
implementation of changes by
which beach quality is
measured, using E Coli rather
than faecal or total coliforms,
the US EPA will produce
guidance documents,
including an assessment of
tools for predicting health
risks, incorporating exposure
factors. A national survey of
water quality and
improvement measures will be
undertaken and the
BEACHWatch website is to
become a real-time electronic
database. However, the EPA
will unlikely have the
resources to carry out large-
scale epidemiological studies

to calibrate the models. See
www.epa.qov/OST/beaches

Extracted from WQI May/June 1999
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| WORKING GROUPS

international Association of

Hydrogeologists (IAH)
Commissions and Working
Groups

(from IAH Australian Chapter newsletter
vol 15 number 2)

IAH has Commissions, which
are focus groups of special
hydrogeological interest
determined by the members.
Sometimes Commission
activities are carried out jointly
with other organisations such
as UNESCO. Eight
commissions and 3 working
groups are:

e Commission on
hydrogeological maps: Dr
Wilhelm Struckmeier,
email: w.struckmeir@bar.de

e Commission on
hydrogeology of karst:
Prof Dr Heinz Hoetz,

email: heinz.hoetzi@bio-geo.uni-
karlsruhe.de

o Commission on mineral
and thermai waters: Prof.
Dr Jan DOWGIALLO,
Filtrowa 67 M5,
Warszawa 7, 02942,
POLAND

e Commission on
groundwater protection:
Dr. Jaroslav VRBA,
Korandova 32, 14700
Prague 4, CZECH
REPUBLIC

¢ Working group on
groundwater vuinerability
mapping: Dr Jaroslav
VRBA - address as
above.

¢ Commission on
hydrogeology in
developing nations

. (Burdon Commission):

David Ball, email:
davidbal@indigo.ie

¢ Commission on education
and training: Dr. John E
Moore, 1730 Grape

Street, Denver CO 80220,
USA.
¢ Commission on
hydrogeology in urban
areas: Prof. Ken Howard,
email gwater@scar.utoronto.ca
¢ Commission on
computers in
hydrogeology: Gary
Moore, email:
gary dw_moore@email.msn.com
e Working group on
hydrogeology of hard

rocks: Jiri Krasny, email
krasny @prfdec.natur.cuni.cz

e Working group on artificial
recharge: A Ivan Johnson,
7474 Upham Court,
Arvada CO 80003, USA

International Association of

Water Quality Working
Groups

International Working Group
on Data and Models
(IWGDM) (Chairman: Prof C
Maksimovic, EWRE -
Environmental and Water
Resources Section,
Department of Civil
Engineering, Imperial College
of Science, Technology and
Medicine, Imperial College
Road, London SW7 2BU, UK;
tel +44 171 594 6013; fax

+44 171 225 2716; email:
c.maksimovic@ic.ac.uk.

Real-Time Control of Urban
Drainage Systems
(RTCUDS) Working Group
Chairman: Dr. A. Khelil,
Institute for Water Quality
Control and Waste
Management, Technical
University of Munich, Am
Coulombwall, D-85748
Garching, Germany; tel

+49 89 2892 5278, fax

+49 89 2892 2799; email:
khelil@wga.bauwessen.tu-muenchen.de.

Sewer Systems and
Processes Working Group
Chairman: Prof Richard

Ashley, Wastewater
Technology Centre, University
of Abertay Dundee, Bell
Street, Dundee DD1 IHG, UK;
tel +44 1382 308 160; fax
+44 1382 308 117; email
r.ashley@tay.ac.uk; Group
homepage www.sspwa.civil.auc.dk

Working Group on Source
Control for Stormwater
Management

Chairman: Govert Geldof,
Tauw Civiel en Bouw by, P.O.
Box 830, 7400 A V Deventer,
The Netherlands; fax

+31 570 699 333; email
gda@tauw.nl.

Working Group on Urban
Rainfall

Chairman: Dr Thomas Einfalt,
Hydrotec Environmental
Engineers, Bachstr 62-64, D-
52066 Aachen, Germany; tel
+49 241 946 8940; fax.

+49 241 506 889; email
t.einfalt@hydrotec.de. Group

homepage http:/iswws3.bau-
verm.uni-karlsruhe.de/GUR/.

Technology Exchange,
Transfer and Training
Working Group

Chairman: Jozsef Gayer,
Vikuti Rt, PO Box 27,
Budapest H-1453, Hungary;,
tel 361 215 61 40; fax

361 216 15 14; email
igayer@attmail.com. Group
homepage:
www.datanet.hu/hydroinfo/vituki/int/tett.ht
m

Urban Drainage in Cold
Climate

Contact Dr. Maria Viklander,
Div of Sanitary Engineering,
Lulea University of
Technology, SE-971 57 Lule4,
Sweden; tel 46 920 91634; fax
46 920 91493; email
maria.viklander@sb.luth.se.

Extracted from newsletter no 12 of the
IAHRAAWQ Joint Committee on Urban
Drainage, November 1998
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|WEB DIRECTORY

Stormwater drainage Best
Management Practice
database/survey initiated by the
Ontario Environmental Office of the
Ministry of Transportation, Canada

www.chi.on.ca, more specifically
http://www2.chi.on.ca/bmpstructural.html and

hitp://www2.chi.on.ca/bmpsurvey.html; email
info@chi.on.ca; fax +1 519 767 2770.
The manual has been updated and
information can be obtained from
Jonathan P'ng at Province of Ontario

at pngio@ene.qov.on.ca

Texas University site has an interactive
selection for a pollution control BMP,
where one types in what is known
about water quality, and an optimised
solution is suggested www.txnpsbook.org

more specifically
http://www. txnpsbook.ora/BMPs/URBMPS.htm

Urban Drainage Modelling

conference 98: summary at http:/ewre-
www.cv.ic.uk/udm98.htm#summary

(Abstracted from IAHRAAWQ Joint Committee on
Urban Drainage Newsletter no 12 November 1998)

Bibliography of urban
hydrogeology

An online database of references to
literature relating to urban
hydrogeology is currently maintained
at www.lib.chalmers.se/extern/CGUA

Areas of interest include:

e urban hydrogeology in general;

o stormwater treatment;

e hydrogeological properties of
urban geology;

e geochemical properties of urban
waters, as related to pollution,
effects on constructions etc;

e clean-up of polluted waters in
urban areas;

e urban expansion effects on

" hydrogeology.

The database custodians from the
Chalmers University of Technology,
Sweden (Per Thernquist,
per@lib.chalmers.se and Chester
Svensson, chester@geo.chalmers.se) would
appreciate any contributions of
references. Online forms are available

for direct data input as well as for querying the
database.

Urban groundwater database

Brief descriptions of cities and their groundwater
issues, contacts and references can be accessed at
www.clw.csiro.au/UGD. The database relies on user
contributions, and has facilities for you to input data.
The database is looking for more data entries,
especially from Australia.

Joint Universities Masters Program in Hydrology
(JUMP)

The JUMP program combines the hydrological
expertise of the three major tertiary educational

institutions in South Australia,
www.scieng.flinders.edu.au/teaching/Hydrology/Hydrology.htm

Government environment agencies

NSW. Department of Land and Water Conservation:
offices, community-based programs, fact sheets and
media releases www.dlwe.nsw.giv.au

Northern Territory. Water Resources Division,

Department of Lands, Planning and Environment
www.nt.qov.au
Queensland. Department of Natural Resources

(includes site for Great Artesian Basin) www.dnr.gld.gov.au
Victoria. Department of Natural Resources and
Environment. Downloadable borehole data on

1:250 000 map sheet basis. www.nre.vic.qov.au

AusGEO News, newsletter of the Australian

Geological Survey Organisation:
www.agso.gov.au/information/ausgeonews

Database on Australian geological nomenclature and

classifications (including groundwater).
hitp://agso/gov.au/information/structure/isd/database/lookups.html

LAWNads email newsletter covering advertisements
in land and water management. Free to subscribers by
sending a blank email to jawnads-list-
subscribe@webmedia.com.au. 10 place an advertisement
contact Chris Duigan tel 8388 5608, fax 8388 5372,
email LAWNads@webmedia.com.au

Hydrologic sites

KESAB Watercare Club

Dead fish game www.cwmb.sa.gov.a/kwe/coastalenvironments/qgame
Institute for Sustainable Futures. Includes programs

on water efficiency and least cost urban systems
www.isf uts.edu.au

CSIRO including urban water systems program
www.dcbe.csiro.au
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CRC Catchment Hydrology
publications and videos include
salinity, waterway management, forest
hydrology, urban hydrology, flood
hydrology, technology transfer and
Field measurement techniques in
hydrology. Free newsletter.
www.catchment.crc.org.au

International Association of
Hydrogeologists-Working group on
hydrogeology of hard rocks
www.natur.cuni.cz/IAH

Stockholm Water Institute www.siwi.org
British Hydrological Society
www.salford.ac.uk/civils/BHS

Institute for hydrology (United
Kingdom)

www.nwi.ac.uk/ih

German Rainwater Institute
www.behaelterverband.de/regenwasser.html

Environmental sites, including
extensive listings of organisations,

education, reference and software
www.lycos.com/wauide/network/net 484491.htmi

Environment Australia’s EnviroNET
is a network of databases which has
information on industry expertise,
environmental technologies, education,

research and development.
www.environment.gov.au/net/environet.html

International Environmental
Technology Centre (IETC) under the
United Nations Education Program:
Environmentally sound technologies for
sustainable development of cities and
of freshwater basins www.unep.or.ip
Climate change newsletter of the
Bureau of Rural Sciences
(Commonwealth Government)
www.brs.gov.au/brs/ccs/cen.html

Australian Greenhouse Strategy
www.dgreenhouse.gov.au/pubs/ngs/ngs.htmi with
reference to National Carbon

Accounting System workshop at
www.greenhouse.gove.au/au/ncas

Climate change and water
management in the Macquarie River

Region at
www.environment.qov.au/portfolio/esd/climate/fs mac
q.html

Climate of 1998: Annual Review from
National Climate Data Center, National
Oceanic and Atmospheric

Administration
www.ncdc.noaa.gov/ol/climate/research/1998/ann/an

n98.htmittovervie. From UK
www.meto.gov.uk/sec1/MOPR/PR19981217 htm|

CSIRO Atmospheric Research Fine resolution
climate change scenarios for New South Wales
www.dar.csiro.au/res/cm/nsw98long12.pdf

Local land cover change (‘hotspots’) affecting global
climate www.lucc.es/

Miscellaneous sites:

Australian Bureau of Statistics

www.abs.gov.au Basic statistics for each State, key national
indicators ABS product release details and general
information.

Performance of government trading enterprises
WWW.pc.gov.au/

Database of research on water conservation and
efficient use www.detr.gov.uk

Watergame for children by WaterAid charity

www.wateraid.org.uk/game

World Water Council www.worldwatercouncit.org

Sulabh International Museum of Toilets
www.sulabhtoiletmuseum.org

CSIRO urban water project to identify achievement of
more sustainable urban water systems, whilst reducing
costs. Useful models at www.dbce.csiro.au/=urbanwater

Regulations for more efficient water systems,

including dual flush toilets, in United Kingdom www.global-
utilities.com/

More efficient agricultural systems promoted by
New South Wales Department of Agriculture through

incentives, training and loans at
http://agric.nsw.gov.au/waterwise

Australian spatial data directory
www.environment.gov.au/net/asdd/
Institution of Engineers, Australia
www.ieaust.org.au

Universities water information network: links to many

water related organisations and list of events
www2.unwin.siu.edu/watersites/browse.html

Australia Institute www.tai.org.au

Elsevier publications
Advances in Water Resources. Free until 1/9/99 then

to individuals whose institutions subscribe to the print

edition at www.elsevier.nl/locate/advwatres O
www.elsevier.com/locate/advwatres

Computers and geosciences online
www elsevier.nl/locate/cgoniine (free demo sample for non-
subscribers)
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Contents Direct free alerting service

of Elsevier journal contents by email at
www.elsevier.nlflocate/ContentsDirect

Journal of agricultural water
management www.elsevier.com/locate/agwat

Journal of contaminant hydrology
www.elsevier.nlflocate/iconhyd

Journal of hydrology
www.elsevier.nlflocate/ihydrol Or
www.elsevier.com.locate/ihydrol Individuals at
institutes that subscribe to the Journal
of Hydrology have free access once
they have registered. Authors have
access for 6 months — see homepage.
Journal of science and technology

www.elsevier.nl/locate/ininr/00464
ScienceChannel free news, views,

hot topics and daily updates
www.sciencechannel.nl
www.elsevier.nl/locate/agriormet

Journal of urban technology
www.carfax.co.uk/jut-ad.htm

Mailbases
Low cost sewerage discussion forum

to promote collaborative working
icsewerage@mailbase.ac.uk
Waste stabilisation ponds: to

promote ponds as part of the greening
of rural wastewater treatment works

and safe reuse for crops:
wsponds@mailbase.ac.uuk
Sustainable water management

including appropriate and affordable
collection, treatment and disposal,
particularly those which encourage
recycling and reuse, and planning and
regulation wastewater-

management@mailbase.ac.uk
Further details www.mailbase.ac.uk

International groundwater chat line
GROUNDWATER@ias.champlain.edu

Urban drainage electronic mail

discussion list:
www.maitbase.ac.uk/lists/urban-drainage

Mount Lofty Ranges Catchment
Program projects, events, staff and
interactive maps at www.mircp.sa.gov.au

| SOFTWARE

Drains: for designing stormwater piping. Download 5
conduit demonstration model at www.watercom.com.au

Dry/wet computer model that predicts ecological
changes caused by water diversions from arid zone
rivers. It shows how fish and other aguatic animals
respond to changes in patterns of flow. Jim Puckridge,
CRC for Freshwater Ecology, Department of Zoology,
University of Adelaide SA 5005; tel 8303 5689; fax 8303
4364; email jpuckridge@zoology.adelaide.edu.au

Rainman: extensive historical Australian rainfall data, as
well statistical predictive tools for rainfall based on the
Southern Oscillation Index. www.dpi.gld.gov.au

Hydrogeologic software from Waterloo Hydrogeologic.
Demonstration programs at www.fiowpath.com

HYDROKIT 98 Groundwater and surface water
software on 2 CDs ($US 230 for 2 or $US 140 for
groundwater), Includes MODFLOW and linked
programs. Contact International Association for
Environmental Hydrology (IAEH), PO Box 35324, San
Antonio, Texas 78235, USA; fax +1 210 344 9941,
email hydroweb@mail.org; Web www.hydroweb.com

Internet Café: six modules each dedicated to a
particular industry sector outlining typical production
process and its potential impacts on air, water, land,
energy and worker health and safety. Industries covered
include metal finishing, puip and paper production,
mining, municipal solid waste management, leather
processing, sugar processing.

Yellow pages on Environmentally Sound
Technologies (ESTs): A resource guide to international
directories and trade shows dealing with air pollution
control, water treatment, waste management, recycling,
energy, land and water remediation, noise and vibration
control, monitoring, services. See UNEP |E website or
contact Laura Williamson at UNEP IE.

Modifications to MODFLOW to include density
variations in groundwater (with particular reference to
the River Murray). AGSO Record 1997/37. Ross Brodie,

AGSO, tel (02) 6249 9396; fax (02) 6249 9985; email
rbrodie@agso.gov.au

Rainwater tank/infiltration demonstration program
(in German) from Professor Sieker at the University of
Hannover at www.sieker.de/matrwbew.htm
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|HARDWARE

Information about report on The role of
publicly-funded research and
publicly-owned technologies in the
transfer and diffusion of
environmentally sound technologies
produced by the UNCTAD, UNEP and
the UN Division for Sustainable
Development — Division of Economic
and Social Affairs. Contact Mr Rae-
kwon Chung, Counsellor, Permanent
Mission of the Republic of Korea in the
United Nations, tel +1 212 715 2229;
fax +1 212 371 8873

South Australian reclaimed water
use guidelines now available from
South Australian Environment
Protection Agency. Contact Ms
Alverna Ballard tel 8204 2009; fax
8204 9393; email aballard@dehaa.sa.gov.au

National Water Quality Management

Strategy

Two more documents, of particular

interest to South Australia, have been

released, bring the total to 21. These
are:

e Implementation Guidelines:
describing the steps to manage
fresh and coastal waters, from
preparation of water quality
management plans and
community communication (free).

e Effluent management guidelines
for Australian wineries and
distilleries ($18)

They are produced by the Agriculture
and Resource Management Council of
Australia and New Zealand
(ARMCANZ), and Australian and New
Zealand Environment and
Conservation Council (ANZECC).

Copies are available from AFFA
Shopfront, GPO Box 858, Canberra
ACT 2601; tel 1800 020 157 or
Commonwealth Government
Bookshops

Revised ANZECC guidelines for fresh and marine
waters draft www.affa.gov.au/nwams

Sediment management industry seminar video:
lessons from the Tarago Reservoir Catchment Study.
CRC for Catchment Hydrology, tel (03) 9905 2704;
fax (03) 9905 5033; email virginia.verrelli@eng.monash.edu.au

Stream rehabilitation manual for Australian streams
(Program Leader Peter Hairsine) and video
Rehabilitating streams in your catchment — priorities
and possibilities (Dr lan Rutherford, Prof Sam Lake
and Dr Peter Breen): www.iwrdcc.gov.au or Virginia Verrelli
at Cooperative Research Centre for Catchment
Hydrology tel (03) 9905 2704

Water quality — guidance on sampling from
Standards Australia Standards AS/NZ 5667:1998

www.standards.com.au

Interactive GIS database on River Murray disposal
basins. $15 +pp from Ross Brodie, AGSO, tel

(02) 6249 9396; fax (02) 6249 9985; email
rbrodie@agso.gov.au

Remote sensing to discover potential water sources
in arid areas (case study in Northern Territory) by
AGSO: Record 1997/45. $60+pp. Contact Gerry
Jacobson tel (02) 6249 9758; email giacobso@agso.gov.au

Sydney Water's quarterly report on water quality,
measuring 70 parameters from catchment to tap daily
compiled for three month period is now available at
www.sydneywater.com.au. The site has a postcode search
facility that indicates the source water for that area and
a tracking of water quality changes.

Loving and loathing

Why are engineers so unloved? Samuel
Florman, an American civil engineer, has
come up with some answers in The
Existential Pleasures of Engineering
(Souvenir Press, £10-99, ISBN O 285
63287 6). The engineer, he says, is seen
as the archetypal technologist in an era
when "technology"” is a word of evil
implication, identified with weaponry,
greed and environmental degradation.
Nothing new there. But Florman’'s
response, first published in 1976 and
now reissued, goes on to explore the
challenging compromises, and
compromising challenges, that confront
the profession every day. Not bad
thinking--for on engineer.

Extracted from New Scientist 30/9/35
[not bad thinking - for a science magazine (Ed.)]
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| SEMINARS |

HYDSOC SEMINARS

All seminars are at the Charles Hawker Auditorium, Waite Institute, Waite Road, Urrbrae,
commencing at 5.30 pm 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 1998 is listed in the following table. Please take note of changes as advised by
the flyer prior to the meeting.

Date 1999 |Subject Speaker

19 August Riparian zone management |Sharon Rixon, Department for Environment
(AGM) Heritage and Aboriginal Affairs

21 October  [Living with water: supply, various

(Waterweek) |security, surplus,
half day sustainability (to be held at

; Australian Mineral
serminar Foundation, Conyngham
Street, Glenside)

21 October |Hydsoc Oration and dinner

World Water Day 22 March 1999

5 June World Environment Day

National Water Week: Sunday 19/10/99 to Saturday 25/10/99
6 December Ocean Care Day

DEPARTMENT FOR ENVIRONMENT, HERITAGE AND ABORIGINAL AFFAIRS

1999 ENVIRONMENT POLICY

TECHNICAL SEMINAR SERIES

In the South Australian Water Corporation "Australia-Asia Centre", Level 4, 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. Please verify the program prior to the date as it is subject to change without
notice. Telephone (08) 8204 9129, email bvanderwel@dehaa.sa.gov.au

18 August National Environment Protection Measures Leanne Burch/Jo
(NEPM) Bishop

15 September Local Agenda 21 Magagie Hine

20 October Murray-Darling Basin update Claus Schonfeldt

17 November Anti-fouling paints and ballast water: lan Kirkegaard
environmental dilemmas

16 December Landscape evaluation Andrew Lothian

AUSTRALIAN WATER QUALITY CENTRE, BOLIVAR.

Tuesdays at 10.30 am at Bolivar Wastewater Treatment Plant, Hodgson Road, Bolivar
Attendance from people outside of the Australian Water Quality Centre is welcomed. Please advise the AWQC
If you are interested in coming to give an idea of numbers and to ensure that you are informed of any
adjustments that may have been made to the program.

No 1 vol 5§ 45 Aqua Australis - August 99




66 Isnbny - syjesnsny enby

G IOA L ON

npa-yBlys|@ous
JIBWS ‘COYO §GL OLO L+ XB) 10ZSE 86 019 L+ 18} VSN
'9/1E-GL081 Vd ‘Waysiyieg ‘anusAy Jaxyoed 3¢} ‘Aisiaaun

ABojouyoajosh _Eccho:EL

ybiye ‘Aiojesoqe Hunaauibug Zjud JJIBUION Joues|3 BuyD ‘BullueN {e0160]003 dAlISUaS pue apnyje UbiHl 66 80 L2- V]
Je"oB WiNauueo]
{lews ‘Y0l 978 9LE €h+ X&) '00L1 918 91E€ €
[0} ‘euisny ‘zei) 01.08-V ‘L1 essebiaifals ‘sseibuo:
HHV! HIIAXX ‘Uoleasay wnsuueor ‘Jsuuedg Bisuy eujsny ‘zelo) §s216U0D HHVI 82| 66 8.2 €7
Ne-npa MSUNSAIY
jlews ‘6EL9 G8e6 (20) XB) 1160 58€6 (20) 101 ‘Bunsauibug Bl JIS]EMpUNOIB
JEJUSLUUOIIAUT PU’ JIAID JO J00UOS MSNN ‘sdiliid UeljjiD) MSN ASUpAg]  [BIUSLLUOIIAUT PUE I JO [00UOS MSNN| PajeUlLEIUCO JO sjoadse |eoifiojoig pue [eolwsyd 66 8 G2- €7
\8_._9&:8\_m:o=m:3m.:mm.mm_.:_.;;u SOUBIBJUOY)
3)IS oM ‘Ne°Woo Isneswoldesw! jlew uonEIaPa- SHION Oliqnd [euoEuIRu| Buuzaubug JUSWILIBAOY [E207] [BUCKEN WO L
'265€ 1526 (20) X8l '82¥1 126 (20) 193 ‘MSN Asupfs ‘6097 ‘eensny ‘s1vsulbug jo uopnisull  auy Buiteiodiooul SHIOM ligNd pue Buussuibuz
x0g Od9 ‘Pri Aid Bisejessny SINDI ‘1ele}a10ss $sa1buo)) MSN AsupAg| ‘ellensny Bupesuibus jedipiuniy JO SJNJASUI|JUSWIUIGA0D 8O0 UO Ssa16U0D jeucnewajul 8yl]l 66  892- 2Z
yo'bemea 66999 |iews] PUBLISZYIMG uopeonps buusauibuz]
LOOLEED | L+ XBY 1ZQ0EEED | L+ 18] 4alnD i J0SS3401d ‘younz jejusUOIAUT UO Jeujwag ueadoing isid| 66 8¥2- 2¢
ne npa msunsdifjiy
jrews ‘619 58e6 (20) X&) ‘160G 686 (20) 19} ‘Bunssuibug
|ejuswiuoNAU ucm 1D 10 JOOUDS MSNN ‘sdifiiud uel __0 MSN AsupAg]  |EjuswiuOnAUS PUE [IAID JO [00YDS MSNN)|  J8iempunoib pajeunueiuco Jo spadse [edishudl 66 802- 81
Ne npa-msun@sdl j
jlews ‘6e19 G8e6 (Z0) Xe} {L60G 86 (20) 19 .mccmmc_m:m L3dUl T Buijjapous ssoinosal iolep 66 82 €7
[eluBLILOIIAUT PUE [IAID JO j0OUDS MSNN ‘S MSN ABUpAS|  [eluswILOIIAUT PUB JIAKD JO [00YOS MSNN 1 Buyjepow saoinosal JSlep 66 81L2- 8
AE W0 w_thOw X@)SO[ES __mEo doysyiom aan-dx -
181 Ge29 (20) X8} 'p¥8lL GE29 (20) 198 ‘P11 Aid 81emylog dX| MSN AsupAg sisAjeue pue ubisap Joj Suljjopow obeutelp veqin) 66 8 Tl
ap'binquiey
Jun wji)utewsspuans fews Aueuuss ‘BinquieH g91.0¢ Auewag)
‘GG agensapung ‘MNZ ‘uuewapung usbing joid ‘BinquieH SaLeN}Sa pue JSeod uo sjoedull sjlewyD-ysSO3l 66 8GL- 6
Blo"ImIS@SsodWAS |lews)
‘7202 9EL 8 9+ Xe} L Z0Z 9EL 8 O+ 19) ‘USpaMS ‘Og 901 uspamg swebeuew pajejal-Joiem pajeldaul ybnoayy
-3 ‘wnisodwAS JaJep WIOUMO0IS ‘Jerie}anas wnisodwAg ‘WoYNo0Ig| Ajiigels uequn :wnisodwAs Jajem WioPpols 6| 66 8¢L- 60)
0ZS1 0.6¥ (20) xey
‘0691 0.6¥ (Z0) 191 ‘saibojouyoa } Aingsaymey BurleauiBusa Jojem Ui swajsAs poddns uoissg) 66 81L- 90
NE" W00 Se0IAIBSIONAILYXS MMM
gom NETI0D SSOIMISSIO]qIUXS @ UOHGIUXT
[rews ‘££Gg +686 (20) xey
‘1168 1686 (20) 193 ‘seonuag Jojiqiyxg ‘Adlad |9BYOIN OIA Bulnogaiy odxa sjonuoo pue sws)sAs ‘sdund — 66 sdwnd] 66 8 ¥0 £0
(sejep
JBY}J0 UOo SUOREDO 191em
6L€L 9696 (£0) X3 ‘Z05E £696 (€0) 191 :502€ Jayjo U} s1eujwas) Bumup Uyiim JOBIUCD Ul S}ONPOId 6661-LELEH
DI suInogial Yinos ‘Zog Beg paxooT 'sadinag Jeullusg spielepy| EBljBJISNYy JO UOEIO0SSY SPiepUelg) PUB 6661:020¥ SZNN/Piepuelg uelelisny] 66 8 €0
Yued
pue apie|apy] S9IPNIS J8JEMPUNOIL) 10} BIUSD) Ajuiies puejlig| papioap aq oy
JOBJUOD| B3SO0 SIOBIISqQY] uoReso ETT ajeq|

"S9)IS qOM pUE SaSSaIppe [IBLUS O} SS800. J9ISED IO} d|(e|IeA. S| JOJ9|SMBU SIU} JO UOISIOA DIU0JO98 UY

SdOHSMYOM Pue SIONIFYIINOD




66 Ishbny - syjesysny enby YA 4 G|OA L ON
urjeurjusa’ L0 pselb@peloo]
llews 'ZgG LI9 LI L6+ X8} 169G 119 L1 L6+ (8] Beipy|
‘120041 1412g mep ‘undeleusy) ‘Biey eAeAN gy QIIQ-QID! uledg ‘epeuel WNJUUBIIW Jx8u 3y} uj aunynopbe pue Jotep 66 661~ L
So'wno|d@eilol fews)
‘EEYSZE 896 Y+ XB} 'Z9GSTE 896 YL+ (9] ‘uledg ‘BloINpy
‘eusBepe) £0Z0¢ ‘11X OSuolly ap oased pi ‘eusbeuen) Buusaulbus)
Buussubul [eoiwusy) Jo Juswpedsq ‘Jeueleioes 3301-66) uledg ‘eusbepe) JEJUSLLIUOIIAUS UO S0UBI9JUOD jeuoleuBiul 66 60L- 6
nenpa -msun@sdiiiy
ews 6eL9 586 (Z0) XB 11605 586 (20) 19) ‘Bunssuibul Buusauibuzy
[EJUSLULIOIIAUT pUB JAID 4O [00YDS MSNN ‘sdiliiud ueliis) ey MSN ABUpAG]  [BjUSWILOIIAUT PUB JIAID JO [00UYOS MSNIN Bujjlepow sejempunolb paliddy] 66  60L- 80
ne'nps msun@saniy
Irews '6¢19 58¢6 (Z0) X&) 1605 68£6 (Z0) 193 'Bunssuibugy Bupesuibuz
[EJUBLUIUOIAUT PUB [IAID JO |00YOS MSNI ‘Sdilliud Uen ey MSN AdUpAG]  [EJUBLUUOIIAUT PUE {IAID JO [004YOS MSNIN sossaooid aupenisdl 66 60L- 80
Nejou ANqIE@EWDaU JIBWS ‘61 19 6509 (20) Xel 80uaI8ju00 Juawisbeuew pooy [einbneul
‘EEL9 5509 (Z0) 19} 'VIND 1SBT YHON ‘Ud3}S J,U0A |90y epeiebuem SBLOJOI/ "'SPEMI PUE SYSIY "Sulejdpooid| 66 601~ 80
€G8LIYI LGL Y+
X8} '80Z€ L9 LGL b+ |9} lwopbury pajun ‘Mre €97
apisAssiapy ‘[euip ‘uojbuigag ‘ise] peoy Auenp ‘Aiojeioqen] wiopbunyj
bIuUNg 10 ‘AI0JBI0ge] UDIBasSay JOASJIUN ‘UIMPOOD [ SIA| pajun ‘yipied) AB0]001X0}009 U} 3j0J S Juswissasse ainsodx3y| 66 601~ L0
BBUBINS EQIUN SuJ ejod qoM S ISS ]
{ews 0v6 L LS L 12+ Xe} \GGES 0. L LZh+
I8} {BBBAO|S “BAB|SiBIg $0/18 ‘| BUIOP BYSUAIN ‘BDBAOIS] juswebeuew asn)
‘alignday yeAols jo Aaaing [eoibojoas) “yepuad uelep ‘eaejsnelgl s)siBoj0aboipAH JO UOHEBIOSSY [eUOHRUIBIUj pue| pue A60j0ab0ipAy :Hyi JO ssa1Buoo XixXX| 66 600L- 9
NELWOD JUOOBHUI MMM gaM 1/ ZHE 9¥96 (£0) Xej
'66.6 296 (£0) 19} ‘66INONASRHU]| JBLEIDIDS eulysd ‘buoy Buop 66 a1ongselu]l 66 6 0L SO
puepaZImMS ‘suuesne GLo L puBLaZIMS] iojem puel
'WYHAAH-31V] ‘euuesne ap sjesepa- anbiuyosikjod 91007 ‘auuesne JUSWLONAUS UO S0USIDJU00 jeuoiBay-1aju} x? 66 6€0- 1O
)n"09°uowap ssaidaej@edus
ilews 1/978¥Z /8210 Xe} 1L608¥¢ L8110 19Y
‘wopBuny papun ‘NY6 0109 MOUNS ‘WeyuaaeT wopbury DMV pue jusiusbeuely [ejuswuosAug Ansnpu
‘19011S JSJBAN L “SJUSAT UO)jE( S0USIS] ‘pUOWILUEH BDLT paso|  pajun ‘uopuoT PUB JBJBAA JO UOINIASU pasapeyD oy |l Jayem ay} Ul SINopo Jo uopuanald pue joluod| 66 6
Jynoerologi@piopoide]
lews '6/0Li¢ 60G1 vy+ Xe} (06€22C 60SL v+
19} ‘wopbuty pejun ‘Niy 1437 94YSISIS0IT eidoiyy uogejues pue Ajddns iejem io) 66 6 €0
‘Ayisianun ybnooqybnoy ‘DA3M ‘PIopidld uyor Ig ‘BqEqY SIPPY] juswdojaasp pajelbajul :8ouss8uod DAIM 45 66 8 0¢
wooysne dnoibio@dnosbbio
[lews ‘GOBE 6¥66 (20) Xe} ‘£e6¥ 6+66 (20)
19} ‘€602 MSN ‘yeimobieg ‘peoy ASUpAS 04y ‘| 91NS uoniqIyx3 epel] pue abeuelqgl 66 6 €0
‘dnoig BuisiueBlQ sy ‘jelE}aI08g soualauoD AsnNoigd MSN AsupAg]  Ajiend Jejen JO UOHEBIDOSSY [BucHEUIS U] JSJEMULIOJS UO S0UBISJU0D jeuolewsalul 8| 66 8 0g
AUreouwr dodmcesal
Jrew-3 *y6819GY €09 'Xed y68195¥ /LG9295Y
/2689961 €09 181 ‘VISAVIVIA ‘Indwin ejeny ‘Buedwy
00089 ‘Buedwry ueer ‘7 “wy| ‘eiskejepy abeuei( puel
uonebulj Jo Juswipeds o2 ‘Oied BUl PUB BISY JSEaYIN0S
10} 31)us)) S0IN0STY Jajep pue ABojoipAH soidol) piuuny eisAefepy (anpejuay)
feuoiiay ay] “Joj0aiq ‘esa( "PUoW ‘[H uiq JON ‘PUOW “TH "IQ Undwnyeeny  Ajjen Jajepn JO UOHEIDOSSY |BUORBUISIU| |fejuies uo doysyiom Buurell} 66 8 82- 97
JOBJUOT)| 3S0|0 SOBIISqY uonesoT JasiuebiIQ] EN ayeq|




66 3snbny - syjeyysny enby 5174 G|OA L ON

SSO/ME OISO MO MMM apleepy
qom ‘NE OIS MPDWM|EUOREU-SB Jlewa '0g.8 £0£8 (80) Xej asnoyumo | sssuued pue siebeueul 10} Jayempunolty
‘00/8 £0£8 (80) |21 "uosyoef SAusi9) Jo Jejiid JOADI|] ey uoleg SOIPNIS 1ISJEMPUNOIL) JO} BLjURD uswebeuew Jsjempunolb ajqeuleisns| 66 60 ¥Z- €2
ZU'BIO EMMZUD)ISIEM [IBWS ‘$EZLOEY 6 PO+
Xe} ‘9£9E9€9 6 YO+ [9) -PUB[RSZ MaN ‘puepony] puejeaz odxa pue e2usIBJUOD [BNUUE ISLY;
‘eBunysuQ ‘089¢€L X0g Od ‘©ouaIaJU0D YMMZN 6661 MBN ‘yoInydISUYD) YAMMZN *9SUas pue sieloQ JJusWUoHAUS Jno Buinjen] 66 612 2Z
apiejapy 9SnoH| sisuueld pue siebeueuw 10} Jajempuno.ty
eu umo] uolieg S2IPNJS JB)BMPUNOIL) 10} AU Juswabeuew Jayempunoib sjqeulelsng| 66 6 v2- 22
woo 00IqIS® yos)
-9)SEM {IBWS (£ZPEGL6 GB0 L+ XBJ/19) ‘eissny jusliafeuRLL S}SBM UO S0USISJU0D
‘820201 MOOSOW ‘€LL X0F Od 'P¥1 [euocieuwsd} 0DIgIS BISSY ‘MOJSO pue uoiiqiyxs [euogeulsiul 66, HOIL9ISEM| 66 6¥¢- |
BOLYY UINOS ‘2900 susyj BolY] EOLjY UBJeyes-gns|
‘28 X0g Od ‘siauue|d ssuaisjuo) juswsbeuep Jubnoig yinog ‘euojald 10} suossa| —juawsbeuew jybnoip pajeibauy| 66 6022Z- 0T

Wiy WEIDB010,/3180|3pOL/MUI/ O ZU3o LUNEG MMM
gam o Zje  Wineq muio)eyne;s|
JlBWD 11901 €€9 } L+ Xe} :G/0€ €E9 | L+

19} ‘PUBKSZIMS ‘YoUNZ £608-HD ‘B10qi1a66uso Bugjspowl
HL3 uswsbeuep SS0IN0SAY JSJBAA PUB SOILEBLOSWOIPAH] pUBLOZIMS Jajempunoib ul Ajljigenss pue uoieiqyed
10 @S| ‘H13 '66,818D|9PO JBUE}SI08S SIUAIBJUCD) ‘younz . UO 90US19ju0d [eudjjeusiu] "6634VIISPON| 66 60E¢- 07
Ie'bioJesipieiesipie jlews
‘£06G18E LI G+ X8 'ZE8GLEE LI ¥G+ (9} ‘euguably ‘saly BURUSLIY
sousng £601 ‘0SId ,£-085| oueiblag “Ay ‘eunusbly SiqIV] Sally souang VYSMI $s016U00 JojeM PLOM PUZZl 66 67T 8l

UATUUATUY@)OAXa 100N

ews (619 9928 ¥ ¥8+ Xe} Y9z LEY6 ¥ ¥8+ 19} JWBUSIA
‘louBH ‘Jjs naujeq g¢ ‘savIAISg UORIqiyX3 [euojeussiul OS WeulsiA ‘louey 66 WeuaIA NVSIVM 66 602 L)
Bq AIAY 1} S80UDISJUOd M)SIED

1ews ‘6880 912 ZE+ X©} 19660 91Z € 28+

19} ‘wniblag ‘uadiemiuy 8L0Z ‘vig PluINbsaq ‘Mza Jnnjisuj
yosiBojouyda] -0 JeuUe)aI0es $S1vD — Shed ey S wnibjag ‘diampuy SJUSLUIPSS JO JUBWIIBa)} pue uojesusoeleydl 66 6.1 Gl

WO aAIBSNAWodWI0Y0 L GES0 L

flew? g€/ 019 L1Z 6b+ Xe} 10EL 019 L1 61+

18} ‘Aueuuisg) ‘poplassna 0¥01-A ‘161 Bamusydioiquasion
'AUBLUIBL) DU SBJEI00SSY PUB asnesy| r3 ‘awnjg EolUo ~euyD ‘builieg 66, BUIYD odxe uonebulll 66 60.LL- vl
0£€8 2229 (20) X} ‘0552 MSN 3jepiuy

‘GOEL X0g Od ‘Pr1 Ald S90USIBJU0D AJUNCY “SDUIA Buuy S eu MSN ‘Unguo 66 doysyiom ssyempunclb uiseg Buipeg-Aeuniyl 66 6091~ )
fie npo MSUN®S

jiews ‘6219 68¢6 (20) X} {1606 68¢6 (20) 193 ‘Bunesuibugy Bunsauibuz
[BJUSLULOIIAUT PUB [IAID) JO 0040 MSNN ‘sdilitud UelliD) ey MSN AdupAgl  |ejuswiuoIAUg pue IAID JO |00YOS MSNN Buiflepow soepNS JUSWYOIEDl 66 60SL- £
3N"OE"19j9X8@66IMOD)

llews ‘G096 12 Z6EL vv= X} 1LEQ £9C Z6EL P+

18} ‘wopButy papun ‘40P ¥X3 J918x3 ‘pecy Hied

YHON ‘Buipjing uosiueH ‘1838xJ J0 Ajisiaaiun ‘Bupesuibul wopbupy Ansnpuy
10 |00LUDS ‘SWRJSAS JoJepA 01 auRD 3y ‘oneg uebeid Jq panupn ‘1sjexy 13}eM U} JO} [ou0d pue Bugndwiod - 66.MDD] 66 66L- €L
npa-Aseyiaq-eozomouetiilay

[fews ‘g8y. TS OIS L+ X&) 'YSN ‘0LLL-0ZL16 YO ‘Asieseg
‘BILIOJIRY) JO AJISIBAIUN ‘0L ZL# Bunasuibug jejuswiuodinug vsSn SUBjUSl PIABQ JOSS8j0Id J0 Jnouoy i winisodwAs|
pue JIAID JO Juswipeda( ‘ZoIMOUBWLISH AB|S JOSS8}0Id] D ‘Aojarieg e :Bulesuibus [BJUBLUIUCIIAUG U] S20UBAPY] 66 6 i
10BI1U0| 9S00 S10BISqY uoneso J8siuebiQ ESTH a1eq




66 um:m:< - sljeqysny m:b< (3374 G |JOA L ON
§9D/NE OISO MO MMM
gom ‘ME"ONISO MP)[euoneu Sbo Jlews 0g/8 £0e8 (80) xey apiejapy 8SNOk|
10028 €08 (80) 19.L "uosyoer SAUSIS) JO Jejjid JOASI ] Bu UMO) uoLeg S9IPNS JSJEMPUNOIL) 10} B1)UBD); A1on0081 pue abeloys Jajinbyl 66 01 62- /7
WY 199WERHB | /[1EPUSIED;DI0 AJoI00S00D MW VSN ‘1eauaQ EOlBWY JO A19100S |ED160j080) 66 0l 82 S2
‘£¥28 6056 (£0) x&j
'8y 6056 (€0) 193 *L9LE OIA UHON piayined "€e0l Xod Od uoierossy
'VAMMY =R ‘AISUIZMO SO Jeue}aIodg Joel ay} umop Jajep 66/5/17 MSN Angiy] IS]EMIJSEA PUB IBJEAA UElESNY] 3oed) 3yl UMOp J8jepMy 66 01 €2- 27
RE NP3 opIe|ope bUSAIDDI[EMP
[lewy '600S VS apie|spy
Jo Ayisiaaiun ‘Bunisauibug JejuawituolAug eljensny| Ajddns pue snjduns ‘Ajijiqeuiejsns
pue [IA1D jo Juawliedaq ‘19)|eM pireq Qg 66/9/5¢ opie|spy/| ynos jo Ao100g |eoa160joIpAH ‘Qjunoas tvjem Yym BUIAI 66 0L 12
0GP0 GOGE € 18+ xed ueder ‘eXesQ uopesiueblQ apei} |euleyxg ueder 66, ueder Juswuoiiaugl 66 0L £2- 02
wopBuL pepun
0VS¥SY G681 v+ (91 8jepsam] [ned ‘weyBuiig 66, X3IMI| 66 0L ic- 6}
MNP MUSWId®@Z900.L0S6)
[lBWD 1LZ88T 26€ 988+ XB} '€LES ZOE T 988+ 19) :uemie ]
‘iodie] ‘peoy ueys noyd L/ ‘AISisAlun uemie| jeuonen|
‘Buussuibug [ejusWUOIIAUT JO SJNSU| SJBNpelS) ‘8ajILILLIOD) 80UBIBJUOY) |eusiDaYy
BuisiuebuiQ ‘fersueg Aiejonag ‘07 uar-bueys joid uemie] ‘1adie]] oued-eISY DMV o,/ — 66. TVNDYILVYM UBISY| 66 01 02- 8}
MU npa-Aj0a@uU00US0a))
llew '68€9 YEET 268+ Xe} :Buoy) Buoy 'wioH
Bunp ‘Ausiaaun ouyosifjod buoy) BuoH sy ‘Buussuibug) ABojouyoay jo13uoo]
IAID Jo Juswipedaq (10dND1) Jesiuebip aousiajuod) Buoy| Buoy uofnjjod ueqin Uo 20USIBUOS [eUCHEWBIU] 66 OLSL- €1
Ne'npa NSo@WEeyuIey {lews)
'8¢ ££69 (T0) 9 ‘8292 MSN ‘ebbep ebbep ‘Ausseniun
Unjg sepey) ‘669 beg paxoo ‘Buleje) pue saouspissy MSN jemauai sugjadid uo siseydws Ue ypm
jo jusweda( ‘g6, e66ean ebBepp sadid ‘weyuied Aey ebbepn ebbepy Aissonun unig sapeyn] sadid ugjsasejul pajsan v :ebBep ebBep sadid|l 66 0L vi- 2L
ap yo0e66DIPOU lews 5922 69SE OV 67+
Xey :pyZT 69SE OF 6¥+ (8} ‘Aueuuag "BinquieH 56g07
-Q ‘} 1siebingsisied 1S ‘OYdsiHOA aulsuyD/ebary seiunen Aebungy
‘uonesiuebiQ ssa16U0y-HOD ‘1sadepng ‘66, DIA-ON ‘)sedepng 66. DIQ-ON| 66 0LEL- LI
b10" eM@D)OJUI;U0D)
jlews 1} /$Z ¥89 €0L |+ XB} 'ZSYT ¥89 €0 L+ vsn
191 'YSN ‘¥661-V1EZT VA BUPUEXSlY 19948 SUIAM 109 ‘4IM ‘'sueajQ maN 66, 03.143MW| 66 OLEL- 6
SUETQUSUOYGSO lews ye51 8GEZ 258+
XB} 'gG/8 8GET TG8+ 191 "BulyD ‘Buoy] BuoH ‘uoojmoy)
‘Aeg Ja1ep) JB3[D ‘ABOjOUYDa | puB B0UBIS JO ANISIOAIUN Je 3@ ABojouyos | pue a0UsIos JO ASIBAIUN Ainmueo Lz a3 Joj saibojouyos) Justuieal)
Buoy; BuoH ‘Buussuibug IAID jo Juswiiedaq ‘uayd HO Ia euly) ‘Buoy Buop Buoyj Buoy ‘Buusauibuz a0 jo uawpiedeq| Jojemalsem pue i3jem aaeaouul Jo Juswdoprsgl 66 01 0L- 80
66 0l L0
U WNISOUWAS/NE W00 [eA SOJIOAL AN PO ‘euegsug winisodwAg JoAry wl 66 6 67
NN 00" dnoIbIYqDI3|95UM] |IEWS
V.L00S. VEZL i+ X8} [ZZP0S.L YEZL v+ 19 ‘wopbupy payiun
VIO SYMN aiyspiojpag ‘playuel) *enus) Bupesuibug wopBuryy uoposjoud 66 0L 10
pinj4 ‘pi dnois) YHG ‘1ebeueyy aouasajuU0) ‘19ja3YM Asoel 1] pajiun ‘ybinquipg) suijedid uo aduaIsyuod jeUOBUIBIY] GfY 66 6 67
bujuuejd aoinosal jeinjey
02£9 0186 (20) e} puejbug maN JO AjisIsalun MSN ‘alepiuuly] O0S3INN| 10} yoleasas ul saoueApy 'sainjny sedeospue| 66 6062- Z2
J0BJUOD) SSOI0 SIOBNSqY] uo)es0 1asiueblQo ET areq




66 1snbny - syessny enby 0§ G I0A L ON
1695 6€€ GO+ Xey
‘ABojouyds ] [ejuaLuucIAug JO SISyl jeuoibay alodebuig] 66 eisy Juswabeuep JSiepN 66 2L 10
FO0SILIJUBD/ZU JA0D ZUS] Gam “2U- Lid EMIUQ) PAOILI00 |
jews ‘1610 968 £ $9+ Xe} 11811 968 L ¥9+
19} ‘puejeaz MeN ‘UolIWeH ‘GLL-1 | X08 Od 'VMIN puejesz maN ABojouwit jo £19100g Ueljensny] wniuusjiiw 66 ¢ 20
-0 ‘@oualajuo) ABojouwi ISY/SIZN ‘pAoiyicog oM iQ ‘odne] ‘i1oyenep pue £je1008 [eoibojouwi pUBjesZ MaN MBU By} :SWIB)SAS009 Jalemysalj ajqeuielsns 66 LI 6¢
SOHD/NE OISO MO MMM am NE OISO M [pe@bulutes SbY
[lewa ‘0g/8 €0E8 Xe} 0028 €0EQ I9) ‘#9306 VS puowsQ us|9 S19) L1erempunolt jo sjejuswepun)t 66 21 80)
‘2 Beg ajeAlld ‘'SaIpN}S JOJeMpUNOID) 10} S1U3D “Jefid JoAdL || ey pID aueqsug; S2IPMS 19JeMPUNOIS) 10§ 91JUaD) :|o0L0S Jejempunolo) uellensny Uigll 66 LI 82
aonoeid yyesy
[eluswiuoliAuG ojul Juswdojansp sjqeuleisnst
ne'npa jnb@WeYsuojsw |lews ‘eyauols essijiop pIO ‘aueqsug ABojouyoa] Jo AJISIaAlUN PUBISUSBND Bunesbaju| uo sseibuoo feuoneuwRIul Ll 66 L1 ¥Z- 27
00020IpAy/NE bIoISNEdl MMM A8100S pUE SOIULICU0D? JUSLULOLIAUS
gem e tIo) 155MsSaIDUOOISaMUDD) ‘ajeulD pue ABOJoIPAY Usamiaq suohoeISiul
jews ‘e zZzes (80) xe} :9069 ZzZe6 (80) 19 :ABojoipAy aapoelaju] "winisodwAs s80inosal
‘2289 VM UHad 1S8M ‘8F2) X08 Od ‘PI1 Aid 1S9M ssaibuody YM Yuad {219 1SNy 3y Jojem pue ABOJoIpAY [euoleusolul L £ 10002 oipAH| 66 L1 £2 07
JUHIBPNFIUGM@IEPSD [lBW
*b0LL 8/2 GL L€+ X8} 'SPLE 8/2 GL L€+ [9) ‘SPUBLSUION 8y ] SpuBUaYIeN
‘Wlea aa 1092 ‘891¢ X0g Od ‘uojeinossy buibpaig va3d 3y ‘wepisisuly] sAep Buibpeiq vaao| 66 LL6L- 8L
LY.G 88F ¥19 L+ XE} 8]|95eg VSN ‘Yen uofjelpauial pue spuespy 66 L1 21- 91
R ENEERSI (ORI CFTENE |
‘821 L¥89 01 98+ XB} ‘062G 189 01 98+ |9} -BUIYD LE000}
‘Bufieg ‘Jomsig uelq) feH ‘peoy Bueno Buaz G5 ‘jeioH
NA 17 ‘1026 Wwiooy ‘Bulliag sajeioossy R asnenj r3 ‘17 euol) euyD ‘Buifieg 667 VNIHO odx3 181ep 66 LLGL-ZL
BSWi00 1eubuISDNUIbY [lBWa ‘0EEZY €S GO+
Xe} '@8GEY £G GO+ (8} 1222860 10debuig ‘Buipiing souiddiiud
1EH %004 LO-El# ‘PeoY abpug ynog 051 'Pi Sid 4uil OH ‘Blluen 66, Seuiddiliyd swaishs g sdund 66 L1 EL- 0}
jrjobs@ueqeleq |iews €25/ ¥ 2980 6€+
Xe}480eS.L¥E 2980 6+ 193 Aley ‘elinby, 0019
‘| ‘BIYOSUY BOHUY BIA ‘0ZZNIqY JO Yied ABojouyoa | eueue) JUBWIUCHAUD
pue 2ouaIg ‘uegeleg weul ‘A12100g uojeuliesag ueadoinz pasop| uels) ‘'seuljed se|  YSAMI pue A19100s uoljeuljess( ueadoing By} pue uolBUIeSap U0 douaIauod ueadoindl 66 LI ZL- 60)
llews 1096 GG19 G €€+
Xe} 11976 GGLO G £E+ |9} :0UBL] ‘PXBPPD BSNOINOL L/0LE
‘pnbey ap anbynusiog axs|dwo) ‘JdIT-1d9 ‘sognbiddy
SOOUSIDS SBP JRUCHEN JNIISU} ‘BulR)uo)RjBga(] HagnH 8ouel4 ‘8snojno uoneledo jue|d juswieas) Ja1em pue asnal Jsiepl 66 L1 0L- 60
Uroe Nie@eleq [lews)
‘0ZLZ 915 T 99+ X} ‘615G $GZ T 99+ I8} ‘puejieyl ‘0gLel
iueypunyied ‘Buent Buopy ‘y xog Od ‘ABojouyds ] jo sinjisul puejiey ] sebus|ieyo pue siaijuoi) mau
ueisy ‘Buyssuibug IAID JO jo0YoS ‘weluetueignseleg SY Id “oxbueg - 50UB.8JU00 BuueaUBUa JBJUSLILOIAUS PUB [IAIDL 66 LI ZL- 80)
ABOjOjBW)O UBGIN UO S0UIBJUOD [RUOBUISIUI
GeLE 2926 (20) xey MSN ABUpAg pue ABojoI0s]8LLolq UO $$816U0D jeuojeWBIU 66 L1 ZL- 80
11 NP9 NjaUI 00" |enDIOKDISE0IPaUl IBWS ZL17) 0LZ ZLE 06+
Xe} ‘625 012 ZLE 06+ 191 1Aaxun L ‘elexuy
LE£G90 ‘AlSIaAuN [B21UYD] JSBT SIPPIN (S0UaIBjU0D)
ior SO3INI- 66 LSVODAIN) Jeleaioag 1SOJaIN Aaxny ‘eAjejuy 80UdJ8juU0Y JUIor 66 SOFNT— 66 LSVYOOA3NW| 66 L1 90- 20

JOEJUCD)

3s0)0 SIPBHSqY]

uoneso

Jas|uebiQ|

SfiLL

9jed




66 Isnbny - syjensny enby LG Gl0A L ON
T OOpEUEMDEl 00X
“enbe |lews ‘6005 LZEY | €6+ X€} '189L GEGY | £EH
19} :aouel ‘sied €015/ ‘uojaig Sainf 8N siq Z ‘OdXIHO! aouely 'sied i1 JO 82IN0S 3y} UsieM :OdXI-VNOV] 00 ¥0 60 $0
3N"OE Spas|@UoSubPIg 4
llews ‘eyZZ £€C €11 vh+ Xe) '80€T €€Z €11 v+ 19} ‘wopbupy) {aousisjuod winUUSIIA WAMID) Ainjuad
pSHUN ‘16 2S7] SpaaT 'spaeT jo Alisiaaiun ‘Bunasuibuy wiopbuny «+C 9U1 Jo sabuajieyo sy} j9aw 0) seibojouyoay
[IAID jO jooyos ‘1ajsuel) ABojouyoa | Jy ‘UOSUBDIH BUSZ pajun ‘spaa pue spiepuejs ;Juawyeal; Jejemaisepl 00 $0 20- YOl
ZU DIO ENWZUD)ISIEM IEWS ‘€000 2286 6 YO+
XBj} 1/G/G /78 6 YO+ 19) (PUBIEDZ MAN PUBPONY ‘UUAT] MON puejeaz
‘pL6-G} X0g Od ‘UOJEIDOSSY S8l B J9JBAN Pue|eaZ Mo MIN ‘puepony] ZNSY ‘ZNId| ‘VMMZN ‘43 000¢ J°1epM 00 €062- L}
/13}EMPLIOM/NE LH0D SWIDT MMM
a3 ‘e II00 SWIDID ISTEMPIOM
llews 'ggz0 2896 (€0) xe} ‘v120 2896 (£0) 19)
'900€ A duequinog ‘19a4g abpuqsuseny 8 ‘pri Aid SWDI JIA 'SUINOgIeN|  UOHBIO0SSY SS0IN0Say JSJep [eUOjBUISU ssaibuoQ Jejem PHOM WX 00 £0.ZL- L1
GG12 0696 (£0) XBd JIA ‘auinogispy S0UdJ9JU0d 0007 dJeopuen [euoleussiull 00 £050- 20
BI10°1I0UN0D ISTEMPIOM MMM
qom ‘BI0 D UNOIISIEMPHOMDOMM
Iewa 1101¥66 16 YES+ XE) :00LY66 L6 YES+ (9] ‘Souely
‘g xapa Ilesie yOEE) ‘Onstior el ap aoeid 0| ‘g0f Wiy spuepsyienN
‘BPSIjOr B 9p SHO0(] SO 'JBLE)IN8SG IoUN0Y) JSJeAA PHOAN ay] ‘enbenH ay] [iounNoY JB}BAA PHOAN WInIo JOJeM PHOM ISIIH] 00 €0
s1911ddng Jajep UBDLyY §0 UIUN 8Y) JO SSaibuodl 00 20Sz- 2al
EOLY
6¢9CYT 9CT LT+ Xed yinog ‘ueqing 3AYN/SMYN ssaibuo) w0l 00 205261
SR BI6"DMEID) I0[AE]
P [1ews 16628 68 LLL pi+ Xe} 106E8 6€8 LLL P+
191 "wopbuiy payun ‘NEY LAS UOPUOT ‘s SBLel IS 18aRS B0y uofjeredag sjoied
aynQ ‘pPieA S,UOSBW O ‘9SNOH SSaUoNQ ‘DMYI ‘SaA| M Joid ynos ‘ueqing uo dnoug) 1s1ie10adS JUIOr YSMIIOMYI SJIOAI9S3) pUB SWED WOl [BAOWS. 3pPRed| 00 208L- 91
00 20 20
0LEL ¥64 £0E L+ XB) YA UBDLIBUIY/ YMM UedLawy 000c @snas =i 00 10 0€
15" YO0/ WIBYSIU~/M] NP8 AIUMY | (OMY//-01Y
JIB"EO0P/UWBYSIL~/M NPa AU [0oN//-anY
JI5"¢0p/WeySIU~/AS] NP8 AIUMY L0dNY/7.0RY
HIB TO0p/WeEySIU~/A Npa AJUNy L 0oN3/7-aRY
qam 8616 €81 GO6 Xe) ‘A PO AlUNY | 0O @ANNOSSap (3dA63) ABojouyoa |
fewsa ‘Aisisaiun remny| ‘Guussulbug pue yo1easay oniusIdg jo Awspedy ayy
{eoiway) jo Juawpedsq ‘Aynossa-{3 weysiH "Jjoid 66/9/21 1dAB63 ‘olieD| pue ABOJOUYDD} puE S0UBI0S JO [O0UDS qely uojeulesaq olep| 00 L0 Z2- €7
Yy’ oo’ jeur iezow@ppl
ewWws Ze/0 29G 299+ Xej ‘98¢C 1 13 ‘L LL0 625 99+ 9]
"pueiiey ‘00601 oxbueg “eyomeyd ‘peoy unjooyeyd puejiey j|
‘juswdojens pue juswpedsq ‘asuewuo] wodeAejN S\ "66/LLISH “yoxybueg uonnjjod asnyip UC S2UBISJUOD [BUOHBUISIU| g¥ 00 10029}
vsn
BI0TNBE" MMM oosisueid Ueg| uojun feodisAydoas) uedyay Bunesw jiedf 66 zZIL/ZL- M
M08 Spas|@ UOSUDPIY 2
IIewW? ‘€12z €€T L} i+ XBJ '80ET €T €L v+ 19} ‘wopbupy
paliuN ‘116 ¢S Spe9a ‘spas jo Alistenun ‘Buuesulbug wopbuny SOUNLILIOD |[ews]
AL JO jooyos “1ejsuel| ABOJOUYDa] Ty ‘UOSUPOIH BUSZ pajun ‘ybinquipg uj sebieyosip jejseod Joy Juswiesyy o) saibsiens| 66 Z1 20- 90
JOBIUCD)] B3SO SJoRIISqQY uoi}ed0T 19siuebiQ] ETT ajed




66 isnbny - syjeysny enby G IOA | ON
IGO0 "9ISEGE MWA QoM ‘2L 2259¢ 68 SG+
"Xe} ‘87150z 68 GG+ 191 ‘i1Zeig ‘€91-0G1 09 43D ‘BZo|dH04 00 80 10
.BOEN& 0042 .uCOEDD SOJUBG BPUSIAY .uwuach elea) Svygvl jzeag .mNm_mtOH_ HVYI-SYav-GNSH1Y mcwwmc: wor 00 L0 1€
3p’ | gueqIN@Oojul lewa G1¢€ 928
822 6+ 19} ‘AuBuLaD "uuog £21£5-Q ‘g JOUSISBYIIN WY ‘1.g]
Nvaxn ‘Buluue)d jeuoibey pue Bulpjing Joj soWQ jBI8psd Auvewsag "uipeg 12 Nvgdn| 00 Z0 9- ¥0
10" WjUDE@UnY
{eWS ‘0pEL 0SS 4 £E+ X€) 'EGEL 0GE L €€+ 19} -douel
‘9] X3pa0 SUEd 9.6/ ‘OL6E dF ‘Y004 dNuaAY £8 ‘WIHO aoueld ‘sted 000 $s816u0) PHOM VSMI[ 00 20 Z0 €0
yn-Bio bmermoljo winisodwAs AB60j0IGOIOIU JOJEM paje|a)
jlews o1 uejy 1o Bio-unybe@uiybe jew -yjeay pue asnai pue BuipAoal ‘uonelueosy
sn-Biobmermmm 1o 1sisod 00/L/S1E J8)emalsem uo wnisodwiAs jeuoieuwssiu|
Bio-ugybe mmm sbed gom seg "uopejussaid| (pasinbal seded o W Buipnioul ‘UOHEIOSSY JOJBAN [BUCHEBUIDIUY
191504 10 jelo pue away; 0} Buipioooe LA Sassalpp! g 66/6/1 oouel ‘sied DMV 3y} 40 $5246L0D PHOM IS) 10002 SUEed] 00 20.20- €0
10"Npa"MN" WSLD@UEIO] llews ‘2eGe 228 22 8h+ xmt_m;
pUBIOd ‘MESIBA £60-20 ‘| BINSISB ‘MESIEM JO AJISIBAIN
‘Kysiwiay Jo uawpeda( ‘zomourlol | yolep Jossajoid PUBJOd “MESIBAN sisAjeuR" MO} UO BOUBIBHUOD Jeuoneulsiul gl 00 906Z- S
0002MDIIDP NP BAST AW gaM
lews {2 16€8 G+ Xel 1121668 GF G+
19 %mE:mQ ‘WINIIA 0£92-MQ ‘€2 fonabuisieH ‘saoineg yewusq yoleasal isjempunolbi
soualsuo) pue Buysapy uoDeIN ‘0002 JOIEMPUNOIS) ‘uabeyuado)) UO 99USIBJUOY [BUCHEUISIUL — 000Z J8jempunoid)l 00 9080- 90
uny-ebeduoopn‘bio bmer mmm
gom TBZ00 ESIM@)SOUSIGJUOD [lewsd ‘8621 GLE LI LZ+
Xej '0£0 G0 L1 [T+ 19} ‘ol YinoS ‘Gg9l 9SnoH BOLjY 00 90 L0
RemijeH ‘1109 Xog Od '@0uaiajuod VAL “1expieg WN-UIs|soy yinos ‘AjD ung 9ouaIBU0Y lejuualg 000Z VSIM| 00 S0 8¢
oUBjUESISIBIBYS) JIEWS /66 9.6 CES 6EH
Xe} ‘£1.2006 25 65+ 191 ‘ARl ‘(eselsa) ossod ABojouyosy
12p [onsaIyD 0Y0bY ‘vES eubojog EIA TS 8i8ld BIRLSd Aley} ‘esellay 19]EM UO LUOHIGIUXS [BUOHEBUISIU] — 00NpNodY OZH| 00 S0.Z- v
wyy abeduoopin'biobmer mmm
gom TBZ00 ESIMD)S0USISJUODD JIBWS ‘8571 GLE L1 L2+
Xe} ‘9€9 GO L) L2+ 19} ‘BOUlY INOS ‘Gg9L 9SnoH B2l Yinog| wnjuus|iuy
AemjjeH ‘1109 X0g Od ‘@ouaiajuod YMI 1expeg W-ulseoy 66/8/Lgl  ‘Bingsauueyor M3U 3y} Ul Jojemaisem pue sojem Buibeuep| 00 G09Z- £¢
8qoe’bn"yYIb[@DbIesSepe [iews /18T 99¢ ¥ Z€+
Xe} ‘9122 99¢ ¥ Z&+ 19} ‘wnibjag ‘ab217 0000 ABojoipAy jueujweuod ul Bulispow pue
‘uew|i{-Mes 619 ‘@b9r1 jo Ayisieaun ‘HIDT '000Z.Well wnibjag ‘869 Slg0es} U0 80USIS}U0D [euoHRUISIUl 00T WeIL 00 S06Z- €7
“Igeyar
__mEm ‘8/€1 GG8 8Y E+ Xej mwmm Geg8 8y 5+
19} ‘uedep ‘0/G8-8ES BMEIN ‘OgNYO-WIUS GGT ‘ANsIaAUN YUHVI— 0002
ewejeg ‘Alojeioqe] ABojouyoaj0ss) pue 90UBISOIPAH 0/0 ueder ‘@A) JejempunolB uo wnisodwAs jeuoneussiul 4ylf 00 S001- 80)
JOUTIN'ISIUI®O00Z IIES (|iewa g/2evie v LE+
Xe} '0BEYFE ¥2 LE+ ‘18) ‘SPUBpayIeN ayL ‘AQ ojebuaH SpuelsyieN
09 066/ ‘6z %08 Od ‘WnisodwAg }jeg PHOM Uig JeLiBJ2I03g 8y ‘anbeH ay ] wnisodwAs jjes ppom Uig ‘000z 31eSt 00 SO Li- L0
¢ UORUBAUOD S}SEM UElesny Uyl
66/6/11 |e 19 Bijensny JO UOHERIDOSSY] Yuswebeuew
6651 G1¥6 (20) xe} ‘nejouiop@zInb; 66/6/9 JUSWISHBBUB S)SBAN "UOHBIO0SSY |EIUBLLIUOIIAUS B]JeUle)SNS :9SNoYuaaIs)
‘lews ‘890Z MSN ‘AQUBNOIIIM ‘Z£9 X0d Od ‘P Aid AN 66/8/.Z MSN AsupAg J3]EMIISEA PUB JBJEM UBIRIISNY ‘suoneadxs Jsjesls (HOI 1I8eM 00 Y0 EL- 60f
10BJU0D)| @00 SjoBASqY UOREOOT 18siueblQ) al] a1eq




66 3snbny - syjeyysny enby €S G |OA L ON
wijy ebeducopin b10-bmer mmm gam Bq W) |DISTEM
[IBWS {L1SE 086  65E+ XBY19) ‘euebing ‘eyos G051
‘eZ WOO0J ‘g JOOY ‘NS BZINT BLBW, ZT ‘Aojeded Sseuely iQg euebing ‘eusep| 30UBI8JUOD 8IS oBId €| 10 9080- 90
qom JUMISTIAISAGED jiews 1069/ 6v8 | LGE+
Xej J0S9/L L¥8 | LGE+ |94 tfebniod ‘Xapo) Boqst] 9601 (Il v8YNYILNI) seaie ueqin uj jojem
‘sied 09SINOY “AY ‘D eueyabug sp ojueuwlepedsq ‘0o1u0g | Buinieoal pue sjue|d Juswieal ‘slemss usamiaq
Jousdng ojnysu| ‘jeue}aI0as sousIBu0Y) || VEYN YILNI |lebnyiod ‘uogst SUORORIBIUI U} 9IUDISIIOT [eUonBUWIRI 7| L0 2062 5
Uy 00020ab/bbul/uidoSIp/Ne NP YSEuow DUD MMM
gam :Ne"Wod sSwdI®000¢PUs0s
Jiews 8820 2896 (£0) Xe} ‘120 2896 (€£0)
1181 1900€ 9N “uequinos ‘Jeans sbpugsussny Bupseuibus [e0ib0j0ab pue [eojuyos}osh
78 ‘P11 Aid SWDI /0 ‘0002 Bu3oso j1eLeaI09g 80udIBJUOY) JIA ‘auinogjaiy UO 90UBJBJU0D Jeuoleudjul - 000Z BuJosY| 00 LLve- 61
080€ £88 LT L2+ Xe} IL0LS 288 1T LT+ 2oL
19} ‘82" 00" JISOMUIAJOID [IBLUS ‘UIAJ0D) SUNSYD)] yinog ‘umojade))] s1sibojoaboipAH JO UOREIDOSSY |euoieuIsiu| sjsibojoaboipAy jo ssaibuod yixxx| 00 0L /2- £2
STWIOD JBUDUISEMUIDY [lews 10geTy €6 GO+
Xe} :88GEY €6 G9+ [0} 1222850 aJodebuig *Buipjing
IBH %004 10-EL# ‘peoy abpug yinog 061 ‘pi7 8id Yu OH a10debuig 0002 EIsY swajsAs pue sdwindl 00 6082- 57
302e'bN @ Waybal[0IUBA 13)3d
llews :Ly61 €22 6 ZE+ XB} 126G $9Z 6 2+ 19} ‘wnibjag
uS9 0006-9 ‘€69 S)uI aindno) ‘Juso jo Alsiamun juawabeuew Ajjenb isiem ut Bunndwoo
‘Juswpedag H1VNOIG ‘Wwaybajjoiuen Jajod 108s8J0.d 000272/} wnifjeg Jua9|  AjlfenD JSjEM UO UOHRIDOSSY [eudcieuIS)u| pue sisAjeue SWajsAs - 0002 XILVYWYILVM 00 6002- 8L
Jy NP UNYISIEY MWW gaM 12982 GEZ ZLE 06+
'ePGT GEZ ZLE 06+ 19} ‘AaIn) ZEG90 ‘Bieyuy ‘sndued Jeujwas
adejAag ‘Ausianiun adspadeH ‘WYMN ‘Aeuns upisiing Ig Aayun} ‘sueuslep piay pue wnisodwAs [euogeussiul w9 ‘000z 3s18M 00 60.2- L)
1q DULN Do BISSED [[lBWS g¥/ | 8EC L€ GG+
Xe} '£6.) 8EZ L€ GG+ 19} ‘izeld ‘090 0L} 0E 3D
‘SIB1s9) Seuil ‘SjuozZUoH 0ojag ‘b0 Bjes Z¥g ‘ouiojuo))
Op BPIUSAY ‘SIBISC) SBUI P [eispa4 SpepISIoAluN
ep eueyuabug ap ejoos] ‘eluds)0an) a sauodsuel] sp
eueyuabuz ap ojuswepeds( ‘ABoOjOUYDS)030) [BIUSWILOIALT] nzeig juswdojanap sjqeuleisns|
UO S0UDIBIUOD BUCNEWLIBN] G ‘Aiejeioag WNiSodwAg) ‘9JUOZUIOH ojog teqoib pue ABojouyoe)oaf |ejusuuoliaugl 00 8012- Z1L
L 90 6€€ 9T 1€+ XB} ‘0% 90 6€€ 92 LEH AbojoaboipAy
19 ‘spuepsyleN |yl eaqla)so0 172989 ‘I Bombiaquanep spuepsyiaN ul Sanbiuyos) pue spoyjauw Jo sjuswdojeasp
‘ufiwoy YU ‘SSPILWOY [EUOHEN SPUBHSYISN HY) 3y ‘wepJlsisuly 1saje) ayj uo doysHHOM ~ 0002 ABojoaboipAH| 00 80 &)
IqDJO ODLE MMM
:qom I1q'DICOBHEODIIE [lew? $608 S6C LT GG+ winjuusiiw payx
Xej} { P86 G6¢ L2 66+ 19 [izeld ‘0¥2-062 22dD nzeig aU)) Jo} obus|jeyd :Juawidojaaap ojqeuielsnS pugj
‘OJIauBl 8p Oy ‘BoIN ‘tO¥ INSiSed ‘AY ‘09| LE |op 09S) ‘olisuer ap oy ABojoag) "sseibuoo jeoifiojoab jeuoyeussjulisLgl 00 8091~ 90!
JOBJUOD)| B3SO0 SjoBNSqY] uoneds0] JasiuebiQ) aml] 3eqd




| HYDSOC BUSINESS

lan Laing prize

The 1998 lan Laing prize was presented to Mr lan
Burns from the University of Adelaide, who was then
in his 4th year at Civil Engineering.

The lan Laing prize is a cash award by HYDSOC in
honour of lan Laing, an engineer with the Water
Resources Group of the Engineering and Water
Supply Department (now SA Water) and outstanding
student in Civil Engineering at the University of
Adelaide, who died prematurely in the mid 80s.

Submissions are being reviewed for the 1999 lan
Laing Prize. Contact Paul Pavelic, telephone
8303 8741 (work) or 8410 0096 (home).

HYDSOC accounts 97/98

HYDSOC made a profit of $ 2258 in the financial
year ending 1998, substantially from the proceeds
of the seminar Stormwater in the next millennium.
Total revenue was $ 9336, of which $ 2430 was
from membership subscriptions. Total accumulated
funds year-end 98 were $ 12 250.

Update on the Constitution
by Bill Lipp

Foliowing the review and subsequent membership
approval of amendments to the constitution, which
all took place some time back, the final steps have
now been taken and the updated constitution

registered with the Corporate Affairs Commission.

The significant changes of interest are

» There is now provision for associates of full
members (ordinary and life) to join the Society.
These members carry no voting rights and it is
intended for partners etc who may wish to join
and participate in the activities of the Saciety.

¢ The procedures for elections to the Committee
have been clarified and greater flexibility
provided to the Committee to fill vacant positions
on the Committee.

* Simplifies the meeting procedures of the Society.
The only formal meeting of the Society every
year is the Annual General Meeting unless
another General Meeting is called. The normal
bi-monthly technical meeting is not a General
Meeting in terms of the Associations
Incorporation Act and hence there is no need to
keep minutes etc.

e Any General Meetings, whether the Annual
General Meeting, a General Meeting called by
the Committee or a General Meeting calied by
the membership are all placed on an equal basis
as regards quorums and the requirement of a
-simple majority to pass all resolutions, including
amendments to the Constitution.

« Allows for the establishment of Regional Groups
if there is sufficient interest in any particular
regional area to form such a group.

A full copy of the constitution is available to any
interested member. Please contact me on
8343 2508 to obtain a copy.

Biographical publications

A request for the membership list of HYDSOC has
been received by, and declined to be provided to,
International Biographical Centre, Melrose Press
Ltd, St Thomas Place, Ely, Cambridgeshire CB7
4GG, United Kingdom,; fax +44 1353 646601; email
info@melrosepress.co.uk for publication in their
Who's Who free of charge. Any members wishing to
avail themselves of a listing, please contact the
publishers direct.

HYDSOC submission on review of water-related
legislation

HYDSOC made a submission on discussion papers
prepared by the South Australian Government on
existing water-related legislation, which sought to
identify where the legislation might be considered
anti-competitive in accordance with COAG water
reform agenda.

HYDSOC considered that competitiveness was not
necessarily beneficial with regard to a resource as
vital to human survival and well being as water.
There is no substitute for water. However, if water
use continued to be managed by a government
authority, it had to be adequately funded to protect
the resource, have adequate information, be
innovative to provide the community with choice
and advance community interest in other areas
such as environmental protection and economic
development. A holistic approach to the
management of all water resources, including rural
runoff, urban runoff (stormwater); sewage and
septic tank effluent, groundwater and seawater was
advocated.

It is a misconception that SA Water has a monopoly
on water harvesting or distribution, particularly
outside designated reticulation areas. Harvesting by
farm dams, rainwater tanks or groundwater bores
are common, as are sales of bottled water. Where
the monopoly is entrenched is in the powers of SA
Water, including power to compulsory acquire land,
control catchment landuse, require compulsory
payment for its services whether used or not, and
set a charges which do not reflect external
environmental and social costs and is not structured
as pay for resource use (particularly for sewers).
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These factors also apply to local government
stormwater and septic tank effluent schemes.
HYDSOC recommended that consideration be
given to:

o the role of government in water services
provision, including security of the water
supply, mitigating social and environmental
impacts; and ensuring public health;

e requiring environmental and social impact
assesments for water harvesting and waste
discharge strategies and the Competition
Policy;

reviewing the pricing structure of water services
(including sewage and stormwater drainage) to
better allocate cost factors such as peak flows,
pay for resource use, separation of provision
for firefighting, and external environmental and

including design standards, climatic variables,
consumption, costs, and environmental and
social impacts, to be operated by a regulatory
agency;

establishing a regulator of water supply,
sewage and stormwater standards;
establishing an authority which undertakes
work of State-wide applicability;

establishing a suitable structure for a water
supply authority to encourage a holistic outiook
to water (including sewage and urban runoff)
inciuding demand management;

funding the trialing of alternative methods of
water/sewage/urban runoff (re)use;

third party access to pipes carrying all the
water resources, including sewage, stormwater
runoff and (treated) rural runoff.

social costs; removal of the compulsory access
charge; competitiveness in the provision of
community service obligations;

e adequate data collection and analysis and
information provision which will not be
shrouded behind commercial confidentiality,

98-19 EXECUTIVE COMMITTEE OF THE HYDROLOGICAL SOCIETY OF SOUTH AUSTRALIA
Inc.

Name/Position Work Home Fax Email
Chairman: 8272 3299 8297 3905 82714811 | ccburton@a011.aone.net.au
Chris Burton
Vice Chairman: 8299 9411 8339 6545
Geoff Fisher
Treasurer:; 8343 2508 8277 5802 8343 2747 | lipp@transport.sa.gov.au
Bill Lipp
Secretary: 8223 5583 83393112 8223 5237 | chris.purton@bctonkin.com.au
Chris Purton
Ordinary Committee Members elected 1998 for 2 years
Alex Smith asmith@maths.adelaide.edu.au
Paul Pavelic 8303 8741 8410 0096 8303 8750 | paul.pavelic@adl.dwr.csiro.au
Bart van der Wel 8204 9129 8267 5112 8204 9144 | bvanderwel@dehaa.sa.gov.au
Ordinary Committee Members elected 1997 for 2 years
David Walker 8303 4319 8376 0457 8303 4359 '| dwalker@civeng.adelaide.edu.au
Barry Johnson 8303 2743 8297 5697 8303 2752 | bamvioh@tafe.sa.edu.au
Patricia Tewkesbury 8463 3158 8463 3146 | ptewkesbur@msgate.mesa.sa.gov.au
Past Chairman:

Trevor Daniell 8303 5454 83319085 8303 4359 | tdaniel@civeng.adelaide.edu.au
Newsletter Editor:

Bart van der Wel 8204 9129 8267 5112 8204 9144 | bvanderwel@dehaa.sa.gov.ay
Auditor:

R Shepherd 8331 8491

Returning Officer:

Kim Read 8223 5583 8223 5237 | kim.read@bctonkin.com.au
Charles Hawker Centre, Waite Institute

Director Secretary:

Mrs Kath Muir 8303 7201 8303 7105 | kmuir@waite.adelaide.edu.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 Inc., Stormwater Services Section, Department of
Transport, PO Box 1, WALKERVILLE SA 5081, telephone (08) 8343 2508, fax (08) 8343 2747.
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PLEASE ADVISE YOUR EMAIL ADDRESS FOR FUTURE DELIVERY OF NOTICES AND
NEWSLETTERS TO THE SECRETARY AT chris.purton@bctonkin.com.au

If undeliverable please return to:
Hydrological Society of South Australia Inc.
PO Box 6136

Halifax Street Post Office

Adelaide SA 5000

Australia
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