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EXECUTIVE SUMMARY

This audit presents an independent and unbiased assessment of the suitability of the
Lachlan Valley’s Integrated Quantity and Quality Model (IQQM) for use under Schedule F
of the Murray-Darling Basin Agreement.

The Lachlan IQQM is the first model to be submitted to the MDBC for approval under
Schedule F.   In due course, models from the other 21 Designated Valleys in the Basin are
also to be audited and approved under Schedule F.  These models are necessary to allow
for the effects of climate, resource availability and other factors when determining Cap
targets across the Basin.

It should be recognised that all models are only approximations of actual behaviour.  The
accuracy of any model in simulating real behaviour is heavily dependent on the availability
of historical records from which the model’s performance can be calibrated and validated.
As there is a wide variability in the available data across the 22 Valleys within the Basin,
some variability in model performance should be anticipated between the Valleys.  Further,
it is always possible to improve model performance by including additional details and
modelling refinements.  The justification for including such improvements and refinements
however must be based on the likely ‘return’ for the efforts involved, having regard to the
requirements of Schedule F.  Consequently, this is a subjective assessment made by all
agencies prior to submitting models for approval to the MDBC. 

Whilst a number of discrepancies and potential improvements in the Lachlan IQQM have
been identified during the course of this audit, these are minor and, in the opinion of the
auditor, the Lachlan IQQM can be approved for operation under Schedule F in its current
form.

In addition to approval of the Lachlan IQQM under Schedule F, a list of other
recommendations which are the outcome of this audit are provided in Section 9 of this
report.  These deal not only with the Lachlan model, but also procedural matters related to
operation of all models under Schedule F and the conduct of future audits.

In respect of the material provided by the NSW Department of Land and Water
Conservation (DLWC) in their Cap Report for the Lachlan IQQM, two specific matters arose
for which the DLWC should be commended:

4 the first is an attempt by the DLWC to provide a ‘quality rating’ to the model
calibration.  The proposed system, if implemented for other IQQM’s, should allow
comparisons to be made between various models.  In this regard, any measures
which allow for comparisons and consistency checks to be made between models
in different valleys can only assist in improving the quality assurance of the models;
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4 secondly, the DLWC provided a tabulated set of the principal model parameters
that had been adopted to develop 1993/94 levels of development in accordance
with Schedule F.  It is important to ensure that when the future cap reports are
prepared for the remaining 21 Designated Valleys, that a list with similar or greater
level of detail be provided. 

To facilitate some comparison of the performance of all the models that will be provided
for approval under Schedule F, it is intended that a graph of the recorded and simulated
annual diversions over the last 15–20 years will be prepared during the audit of these
models.  In respect of the Lachlan Valley, this graph has been prepared and is provided
in Figure 8.3.

The information presented in Figure 8.3 and other material which has been the subject
of this audit indicate that the Lachlan model is reasonablya replicating observed
behaviour under cap conditions and that it is appropriate for the model to be approved
for operation under Schedule F.

Footnote:
a. The recorded annual diversion data reflects not only water use behaviour in response to varying climate and resource

availability, but also the impacts of a range of other factors such as market forces, variations in farming practice, changes in
water management policies, etc.   Because of these other factors, a cap model simulating 1993/94 levels of development
cannot ‘reasonably’ be expected to exactly replicate historical diversions, even after the diversion data have been adjusted
for trends (e.g. growth).
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1. INTRODUCTION

1.1 BACKGROUND

In 1995 the Murray-Darling Basin Ministerial Council agreed to cap water diversions from
the Basin at 1993/94 levels.  As part of the implementation of this ‘Cap’, some 22 computer
models need to be developed to set Cap targets across the Murray-Darling Basin, one for
each of the 22 river valleys that have been designated under the Cap.

Computer modelling is necessary to allow for the effects of climate, resource availability
and other factors when determining Cap targets.  In any year the targets provide an
indication of the diversions which would have occurred under 1993/94 levels of
development.  The models are being developed by the relevant agencies in the States that
are signatories to the Murray-Darling Basin Agreement, and also by the Murray-Darling
Basin Commission’s (MDBC’s) office.

Schedule F of the Murray-Darling Basin Agreement (see Appendix A) addresses
implementation and compliance considerations with regard to the Cap.  The schedule
includes the following conditions:

“(4) An analytical model developed under this clause:

(a) must simulate the long-term diversion cap in the relevant designated
river valley; and

(b) must be tested against relevant historical data to determine the
accuracy of the model in estimating the annual diversion; and

(c) must be approved by the Commission before it is used to determine
an annual diversion target under this Schedule; and

(d) may, from time to time, be modified in such ways as the Commission
may approve; and

(e) must be used to determine the average annual diversion under the
conditions of the relevant long-term diversion cap determined under
clause 4, 5, 6 or 7 for either:

(i) the period between the start of the 1891 water year and the
end of the 1997 water year; or

(ii) such a lesser period as may be approved by the Commission.

(5) The Commission may only approve an analytical model or a modification to
an analytical model if the Commission considers that the model, when
approved or modified, will fairly determine the relevant annual diversion
target given the climatic conditions experienced in any year.”
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The Independent Audit Group (IAG) has recommended that Cap models undergo an
independent technical audit before they are submitted to the Ministerial Council for
adoption.  This report presents the findings of the audit of the model for the Lachlan Valley
in NSW.

The Lachlan model is the first of the 22 models to be audited.

1.2 AUDIT TERMS OF REFERENCE

The principal objective of this audit is to ensure the requirements of Schedule F have been
satisfied in relation to the model for the Lachlan Valley.

In particular, the audit is required to provide an independent assessment of:

4 the accuracy of the model in predicting annual total diversion and the annual end
of Valley flows;

4 the methodology for establishing the 1993-94 levels of development;

4 the method of adjusting water use for climatic and hydrologic variation;

4 how the algorithm for water use at 1993-94 levels of development has been
incorporated into the models;

4 the capability of the model to simulate long-term diversions; and

4 the robustness of the model to simulate outside the calibration period.

1.3 MODEL TERMINOLOGY AND PROCESSES

The models that are the subject of Schedule F and this audit, simulate the long-term
diversions of water from river valleys designated under Schedule F.  In most cases, the
models do this by simulating the behaviour of various components of the water
management system within the Valley.  This includes water storages, river flows, irrigators
and other water users, and various natural processes such as rainfall and evaporation.

The simulation period of the models is typically approximately 100 years.

However there is some variability between the models and not all models simulate a
valley’s water management system.  The model for South Australia’s highland pumpers’
diversion for example is derived from a regression relationship based on temperature and
rainfall during a year.

Further, whilst the principal function of the models is to simulate diversions, simulation of
‘end-of-valley’ flows is also important for two reasons:
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4 within the Queensland designated valleys, the long-term diversion cap may be
expressed as a long-term pattern of flow at the Valley outlet; and

4 as most of the valleys discharge into other designated valleys, the accurate
simulation of flows at a valley’s outlet may become an ‘input’ to the model of the
downstream valley.

The term ‘model’ is not specifically defined in Schedule F, however following discussions
with MDBC staff and the Water Audit Working Group (WAWG), it was agreed that the term
‘model’ should be used to refer to:

4 computer software; and

4 all input data used by the software, ie.
– parameters specifying irrigation levels and management rules;
– climatic data, including rainfall, evaporation, etc;
– tributary inflow data;
– initial conditions of storages, antecedent wetness indicators, etc., at the start

of a simulation.

Thus this audit of the Lachlan model includes not only an audit of the computer software,
but also the software parameters and data utilised during a simulation.

Typically three types of models have been prepared or are being prepared by the relevant
agencies in the States and by the Commission itself, to comply with the requirements of
Schedule F.  For the purposes of this audit, the three models are referred to as the ‘cap
model’, ‘target model’ and ‘calibration model’ (see Table 1.1).  The same computer
software is used for each of these three models in any valley.  However the model
parameters and input data vary.

The cap model is used to determine the average annual diversion under cap conditions,
whereas the target model is used to determine the annual diversion targets.  The
calibration model is used to calibrate the model parameters so that the cap model
replicates the 1993/1994 levels of development specified in Schedule F.

1.4 DATA PROVIDED AND DOCUMENTS REVIEWED

Prior to the commencement of the audit, a formal request for information about the Lachlan
model was forwarded to the NSW Department of Land and Water Conservation (DLWC).
The DLWC’s response is provided in Appendix F.  A copy of the Lachlan IQQM software
and various data files were also supplied and installed on the auditor’s computer.

In addition to (or as part of) the above information, a number of documents were provided
by the DLWC for review.  Most of these refer to the model software known as the
“Integrated Quantity and Quality Model” or “IQQM”.  The documents comprised:
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TABLE 1.1:  —  TYPES OF MODEL USED TO COMPLY WITH SCHEDULE F

MODEL SIMULATION
PERIOD

WATER DEMANDS,
INFRASTRUCTURE AND
MANAGEMENT RULES

STARTING
STORAGE VALUES
AND OTHER INITIAL

CONDITIONS

CLIMATIC INPUTS TRIBUTARY INFLOWS

Cap Model
Used to determine the
long term diversion cap

From 1891/92 to
1997/98, or possibly a
period starting earlier
and/or finishing later

As for the 1993/94 levels of
development, or other
conditions agreed with the
IAG/MDBC

Actual if available,
otherwise synthetic
data.

Recorded if available,
otherwise synthetic
data.

Inflow data adjusted to
represent 93/94 levels of
development on the
tributary. Otherwise,
recorded or synthetic data
is used.

Target Model
Used to determine the
annual diversion targets

From the start of the
1997/98 water year
until the current year

As for the Cap Model Recorded values as at
beginning of July 1997

Recorded values As for the Cap Model. 
Where data after the end of
the cap model is required,
this is derived using
procedures identical to
those for the Cap Model.

Calibration Model
Used to calibrate model
parameters so that the
Cap Model replicates
1993/94 levels of
development

From1983/84 to
1993/94, or other
period if this better
represents 1993/94
conditions. 

As for the Cap Model (or
varying with time where
established using a trend
analysis to reflect structural
or policy changes during
the calibration period).

Recorded values Recorded values Recorded values

Notes:
1. The term “model” is used to refer to: 3. The contents of the above table were

4 software; and agreed at the MDBC Water Audit
4 all input data, ie: Working Group meeting on 14

August
– parameters specifying irrigation levels and management rules 2001.  (Minor wording changes were
– climatic data including rainfall, evaporation, etc. subsequently made by MDBC

staff in
– tributary inflow data June 2002).
– initial conditions at start of simulation.

2. It is assumed that the same software is used for the Cap, Target and Calibration Models.
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(a) “Lachlan River Valley — IQQM Cap Implementation/Summary Report,
Issue 2”.  August 2001.  NSW DLWC.  This document is referred to
hereafter as the “Cap Report”.

(b) “Lachlan River Valley:  IQQM Implementation.  Volume 1 of 4:  Stream Flow
Synthesis for Wyangala Dam Catchment”.  February 1998.  NSW DLWC.

(c) “Lachlan River Valley:  IQQM Implementation.  Volume 2 of 4:  Stream Flow
Synthesis for the Lower Lachlan Subcatchments.  December 1999.  NSW
DLWC.

(d) “IQQM.  Integrated Quantity and Quality Model.  Second Edition”.  August
1999. Brochure prepared by Centre for Natural Resources, NSW DLWC.

(e) Various hydrology practice notes and background papers/articles on the
general use of IQQM and the derivation and extension of data used as input
to IQQM.  This material has been provided by various individuals within the
NSW DLWC.

(f) Lachlan Annual Activity Reports for years 1986/87, 1987/88, 1988/89,
1989/90, 1990/91, 1991/92, 1992/93 and 1993/94.  NSW DLWC.

(g) “The Water Resources of the Lachlan Valley”.  1989.  Department of Water
Resources, NSW, (now known as the DLWC).

1.5 PERSONAL CONTACTS AND INTERVIEWS

During the course of the audit the following people were contacted by telephone or
email, or were personally interviewed:

4 Messrs Tahir Hameed and Shahadat Chowdhury of the Surface and
Groundwater Processes Unit, DLWC, Parramatta, NSW.  Mr Hameed was
nominated by the DLWC as the model contact person for the audit.  As he was
away on leave for part of the audit, Mr Chowdhury stepped in as his
replacement.

4 Mr Paul Simpson, Water Analysis & Audit Unit, DLWC, Sydney.

4 Mr Sri Sritharan, Central Region, NSW State Water, Dubbo, NSW.

4 Mr Phil Moss, Water Management Systems, DLWC, Sydney.
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1.6 REGISTER OF DIVERSION DEFINITIONS AND DATABASE OF
DIVERSIONS

When dealing with the cap, it is important to understand precisely what constitutes
diversions under the cap.  To assist in this task, a “Register of Diversion Definitions”
has been prepared by the MDBC.  A copy of the relevant details and background to the
diversion definitions are provided in Appendix C. 

It is understood that the MDBC maintains a database of diversions recorded in
accordance with the Register.  It is also understood that whilst the database includes
diversion data for a period after the introduction of the cap, the MDBC has also
collected data from the various authorities for a considerable period prior to the
introduction of the cap.  This data is of interest during the current audit because it may
form baseline data from which to assess model calibration or validation.

It is noted that in respect of the Lachlan Valley, the DLWC has not provided the MDBC
with diversion data for the Lachlan for the period prior to implementation of the cap. It
is understood that this data has not been formally provided because there were
concerns within the DLWC that the data should not be provided until it had been quality
assured.  Whilst this response from the DLWC is understandable, auditing of a cap
model would be facilitated if there was a single agreed set of historical diversion data
for comparison when validating the model.  The absence of such an agreed set of
diversion data can only introduce uncertainties in the auditing process.

During the progress of the audit, a request was made to the DLWC to provide a set of
diversion data to the auditor.  This was provided in November 2001 and comprised
annual diversion totals from 1983/84 through to 2000/01.  This data was compared with
the historical diversion data utilised during the establishment and calibration of the
model as listed in the Cap Report (DLWC, 2001).  Whilst the two data sets appear very
similar in most respects, some minor differences were noted.  It is unlikely that if the
November 2001 data had been utilised for the establishment and calibration of the
Lachlan IQQM, any significant difference in the model structure or its calibration
parameters would have resulted.

Nevertheless it is recommended that the DLWC provide a set of diversion data to the
MDBC.  Where this differs from the data assumed during the establishment and
calibration of the Lachlan IQQM, such discrepancies should be documented and a
statement provided on the impacts of these discrepancies on the relevant components
of the cap model and its ability to replicate diversions. 
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2. DESCRIPTION OF MODEL SOFTWARE

A summary of the key characteristics relating to the establishment and calibration of the
Lachlan model is presented in Table 2.1.  Similar tables will be prepared as part of the
audit reports for the other 21 models required under Schedule F, and it is intended that
a similar format will be used to allow comparison of the characteristics of models from
different valleys.

2.1 OVERVIEW OF IQQM

The “Integrated Quantity and Quality Model”, i.e., IQQM, software was developed by
the DLWC with assistance from the Queensland Department of Natural Resources
(QDNR).  IQQM operates on a continuous time basis and can be used to simulate river
system behaviour for periods ranging up to hundreds of years (DLWC, 1995).  It is
designed to examine long-term behaviour under various management regimes, which
include environmental flow requirements.  By the end of 2001, IQQM had been (or was
being) applied by:

4 the DLWC to the Lachlan, Murrumbidgee, Barwon/Upper Darling, Gwydir,
Namoi, Macquarie Valleys and Border Rivers (NSW portion); and by

4 the Queensland DNR to the Condamine-Balonne, Moonie, Warrego, Paroo and
Border Rivers (Queensland Portion);

for the development of Cap models under the terms of Schedule F.  It has also been
recently adopted by the MDBC as the platform from which to develop a new daily
model of the River Murray system.

IQQM is based on a link-node concept.  Each important feature of a river system is
represented by one of thirteen node types.  The movement and routing of water
between nodes is carried out in the links.  Normally the model is run on a daily time
step but for adequate representation of certain water quality and routing processes, the
model can run at an hourly step.  The Lachlan IQQM however is operated on a daily
time step. 

2.2 WATER ORDERING

In a regulated river system, IQQM makes three passes of the river system.  The first
pass starts from the bottom of the system and totals water demands along the river up
to the supply reservoirs.  These orders take into account the water requirement of the
different users along the river, and consider transmission and evaporation losses as
well as tributary flow contributions. 

The second pass determines water user shares of surplus unregulated flow and how
this is to be distributed within the system.  The order pass and the unregulated flow
sharing is carried out with a daily time step.  The final pass routes the reservoir



Audit of MDBC Cap Model — Lachlan River Valley 8 Bewsher Consulting Pty Ltd
Final Report  —  August 2002 J1039R_3.doc

releases and tributary inflows down the system at a user defined time step, between
one hour and a day.  The extractions from the system also take place in the final pass.

TABLE 2.1 — SUMMARY OF KEY CHARACTERISTICS OF LACHLAN IQQM

SOFTWARE
Name IQQM Version 6.54.2
Programming language Fortran 90
Author NSW Department of Land and Water Conservation

(DLWC) with collaborative assistance from
Queensland Department of Natural Resources
(QDNR)

Type Deterministic, link-node.
Time step Daily
Operating system DOS and Windows

VALLEY REPRESENTATION
Storages simulated Wyangala Dam, Carcoar Dam, Lake Brewster,

Brewster Weir, Lake Cargelligo.
Types of water uses simulated Town water, stock and domestic, wetland

diversions, low security and high security irrigation.
Number of separate water uses simulated 23 general security and 7 high security uses.
Designated diversions not included Water use on unregulated tributaries, mining and

industrial water uses.
Number of tributary inflows simulated 16
Number of separate transmission losses simulated 16
Outflows directed to which designated river valleys Nil
Inflows received from which designated river valleys Not applicable
Water year July to June
Number of rainfall stations used 9
Number of evaporation stations used 10
Number of temperature stations used Nil
Method of tributary flow data extension Sacramento modelling
Method of rainfall data extension Gap filling from adjacent stations
Method of evaporation data extension Extension based on rainfall
Type of river routing Non-linear

SIMULATION PERIODS
Flows: 1/1/1941–31/12/1997 57 years
Diversions: 1/7/1992–30/6/1998   6 years
Crop areas: not possible       –     

Model calibration

Storages: 1/7/1992 – 30/6/1998     6 years
Model validation 1/7/1983 – 30/6/1998   15 years
Cap model 1/7/1898 – 30/6/2001 103 years
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2.3 PROCESSES SIMULATED

The water quantity module of IQQM simulates all the processes and rules associated
with the movement of water through the river system.  The major processes include:

(a) flow routing;
(b) on and off river reservoir modelling;
(c) harmony rules for reservoir operation;
(d) town water and other demands; 
(e) hydropower modelling (not included in the Lachlan IQQM); 
(f) effluent and irrigation channels; 
(g) crop water demands, orders and diversions; 
(h) wetland demands and storage characteristics; 
(i) water sharing rules among regulated and unregulated river systems (not

included in the Lachlan IQQM); 
(j) resource assessment and water accounting;  and
(k) interstate water sharing agreements (not required for the Lachlan IQQM).

2.4 FLOW AND STORAGE ROUTING

The model applies hydrologic flow routing for the simulation of the different ranges of
low and high flow conditions.  A non-linear routing procedure was used for the Lachlan
IQQM. 

There are a variety of options available to model the different operating procedures of
both on and off river storages.  The options include Puls' routing (Institution of
Engineers, Australia, 1987), gated storage operation and target rule curves for flood
mitigation and water conservation.  IQQM can be configured for systems operating
single or multiple reservoirs and multiple reservoirs can operate in series or parallel.

Storage routing within the Lachlan IQQM used the gated operation for Wyangala Dam
and the Pul’s procedures for the other storages.  Harmony operation between
Wyangala and Lake Cargelligo was also simulated.

2.5 WATER USE

In NSW, water access from streams is based on a system of entitlement volumes.  In
each water year, estimates of the water available are prepared at various times, based
on current storage conditions, expected inflows, and losses.  With this resource
assessment, each user in a river system is allocated a percentage allocation based on
their entitlement volume.  Frequently, because of the conservative nature of the
resource assessment process, an allocation of less than 100% at the beginning of a
water year, can increase during the year because of rainfall and inflows to the system.
IQQM models this resource assessment process in a detailed fashion.
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The irrigation module in IQQM includes features for:

4 soil moisture accounting;

4 simulating decisions of farmers regarding the area of crop to plant and irrigate;

4 water ordering and usage taking into account on-farm storage operation where
appropriate; and

4 accounting for water use in relation to water licence and access conditions.

The model can also simulate fixed demands (eg., urban water supplies and power
stations), riparian and minimum flow requirements, flood plain storage behaviour,
wetland and environmental flow requirements, distribution of flows to effluent streams,
and transmission losses.  It is also capable of simulating water quality processes such
as salinity, temperature, and other constituents, although these were not included in the
Lachlan IQQM.

In addition, the Sacramento rainfall-runoff (Burnash et al., 1972 and 1973) and climate
generation models are available as separate modules within IQQM.
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3. INPUT DATA

3.1 CLIMATIC DATA

The Lachlan IQQM uses both rainfall and evaporation data.  Temperature data was not
used.

Rainfall data is required by IQQM for:

4 input to the soil moisture accounting module.  This in turn is used to estimate
crop water demands;

4 extending or generating tributary inflows using rainfall-runoff modelling
techniques.  This is discussed further in Section 3.3;

4 estimating increases in reservoir storage volumes due to rainfall;

4 estimating increases in river reach storage due to rainfall.  (However this feature
was not implemented in the Lachlan IQQM).

There appears to be an extensive network of daily-read rainfall gauges covering the
Lachlan Valley.  For purposes of the Lachlan IQQM, the Valley was divided into nine
geographic zones for rainfall and evaporation records.  Within each zone, between two
and four stations were used to prepare a homogeneous rainfall set over the simulation
period.  From the information provided for the audit, it was not possible to determine
exactly where these geographic zones were located or to review the procedures used
for preparation of the homogeneous rainfall data sets. Nevertheless, it would appear
that the significant variability in rainfall across the Valley, which occurs in practice (ie.
average rainfalls varying from 250mm in the lower western reaches to about 1200mm
in the elevated eastern part of the Valley) has been adequately represented in the
model. 

Evaporation data is used within IQQM to:

4 estimate evapo-transpiration from crops;

4 extend and generate tributary inflows using rainfall-runoff modelling techniques,
as discussed in Section 3.3;

4 compute evaporation losses from reservoirs and storages; and

4 compute evaporation losses from river reaches.  (However this feature was not
implemented in the Lachlan IQQM).
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3.2 STREAMFLOW DATA

One of the unusual characteristics of the Lachlan Valley (see Figure 3.1) is that most
of the runoff is derived from the eastern 20% of the catchment.  It has been generally
accepted that there is little contribution from the floodplains west of Condobolin, with
the majority of runoff derived from the catchment upstream of the Mandagery Creek
confluence near Eugowra.

Within the Lachlan IQQM, inflows to the Valley are modelled at fifteen locations (see
Figure 3.2).  Eight of these are direct tributary inflows, with the remainder included as
residual catchment inflows.  (Residual catchments do not have a gauging station near
their outlet and therefore their contribution to the main river system has to be
estimated).

The Lachlan’s catchment area comprises approximately 84,700 km2 or about 10% of
the State of NSW.  The catchment area of the fifteen inflows simulated in the model
comprise approximately 25,100 km2 or about 30% of the Valley.  The remaining 60,000
km2 (i.e. 70% of the Valley) do not contribute inflows into the river system within the
model.  This feature appears to be consistent with the observed behaviour within the
Valley.

For the Lachlan IQQM, streamflow records were extended and gap filled using the
Sacramento rainfall-runoff procedure.  This procedure was developed by the United
States National Weather Service and the California Department of Water Resources
(Burnash 1973).  It is an explicit soil-moisture accounting type model and has been
widely used by researchers and agencies in Australia for a number of catchments.  The
DLWC has used it on many dozens of subcatchments within various valleys of NSW.
Software facilitating application and calibration of the Sacramento rainfall-runoff
procedure is included within IQQM.

For the Lachlan IQQM, the Sacramento rainfall-runoff procedures have been described
in two reports which are listed in Section 1.4, Items (b) and (c).  The first refers to the
generation of Sacramento inflows to Wyangala Dam.  The dam has a catchment area
of 8,290 km2 (or approximately 10% of the Valley) but contributes about 60% of the
total runoff.  The dam catchment was subdivided into five subcatchments, four of which
were directly modelled using the Sacramento procedure.  These four subcatchments
comprise approximately 5,900km2 or 72% of the dam’s catchment.  Inflows from the
residual 28% of the catchment were estimated by regression against the inflows of the
four gauged catchments.  The resulting correlation coefficient (r2) was found to be 0.67.

A mass balance check was carried out by the DLWC combining the synthetic inflows
generated from the four gauged and the one residual catchment, and comparing these
against recorded data where available.  A good fit was obtained.

The Sacramento procedure was also applied to generate inflows from catchments
below Wyangala Dam.  These were referred to as the ‘Lower Lachlan Subcatchments’
and are reported in Item (c) of  the documents referenced in Section 1.4.  Whilst the
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Lower Lachlan Valley comprises approximately 90% of the total catchment, it
contributes only about 40% of the total runoff.  Within this area, the inflows from six
gauged subcatchments comprising 45,000km2 of area were simulated using the
Sacramento procedure.  Inflows from a seventh catchment (i.e. Goobang Creek at
Darbys Dam) were also simulated using the Sacramento procedure, however the
documentation of the hydrological analyses undertaken to develop the creek inflows
is unclear.  Nevertheless it appears that a reasonable calibration of the Sacramento
procedure was achieved in each subcatchment. 

Within the Lachlan IQQM, there was a further residual catchment comprising
approximately 8,600 km2 for which inflows have been generated.  Apart from one
reference to ‘correlation’, the procedures used to prepare inflows from this catchment
do not appear to be have been documented.

3.3 INITIAL VALUES AT COMMENCEMENT OF SIMULATION

In addition to climatic data and stream flow data, initial values of various parameters
are required at the commencement of a simulation.  These values include such things
as initial storage volumes, soil moisture parameters, etc.

Rather than specify these initial values directly at the commencement of the formal
simulation  (i.e. in July 1898), it is understood that the model was run for the period
from January 1898.  The DLWC modellers made a brief review of the prevailing rainfall
conditions at the commencement of 1898 and initial values were roughly estimated.
The model was then run for six months to establish conditions in July 1898.

This would appear to be a reasonable procedure to allow the formal simulation to
commence at the beginning of July 1898.
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4. WATER USE SIMULATION

4.1 OVERVIEW

Both general security and high security water uses are simulated within the Lachlan
IQQM for the regulated river reaches of the Valley.  Water use on unregulated reaches
and groundwater use are not simulated. 

4.2 GENERAL SECURITY LICENCES

General security irrigation users are grouped into 24 irrigation nodes within the model.
There is one node on each of the 23 river reaches within the model plus an additional
node for the Jemalong and Wyldes Plains irrigation districts.  Both summer and winter
cropping are simulated.

IQQM uses a soil moisture accounting model and an estimated crop evapo-
transpiration to generate the irrigation demand.  In assessing the demand, the model
takes into account:

4 different crop types.  In the Lachlan model about a dozen different crop types
are simulated;

4 crop area.  The summer crop area is decided on the summer decision date
(15 September) and the winter crop area on the winter decision date (1 March).
At each irrigation node, at the specified decision date, the model estimates the
area to be planted for each crop type.  The summer area is a linear function of
the allocation percentage. The winter area is a linear function of the ‘balance’
of resources available.  (See Figure 7.2 and Section 7.3).

There are maximum and minimum area limits on the linear relationships
described above for summer crops.  Thus for allocations below a specified
percentage, the minimum area is planted, and similarly for allocations above a
specified maximum level, the maximum area applies.  Given the frequency of
high allocation levels in the Lachlan, the maximum area parameter has a
significant bearing on the long-term average water use simulated in the model.

For winter crops, a maximum area applies to the ‘balance’ of resources
remaining at the winter crop decision date.  However, no minimum winter area
is applied (i.e. if no resources are available at the winter decision date, zero area
is planted).

4 crop factors and irrigation efficiencies.  Each crop has a crop factor allocated to
it based on the month of the year.  (Crop factors are fixed from year to year and
do not vary with climate).  The irrigation efficiency varies with the crop but is
constant throughout the simulation.  The crop factors in the Lachlan IQQM
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are largely based on guidelines published by the FAO in 1998.  The irrigation
efficiency and parameters used in the soil moisture sub-model were determined
by calibration. It is understood that some crop factors were also adjusted (±10%)
during the calibration process. 

IQQM also has the ability to model ‘on’ and ‘off’ allocation water use.  The occurrence
of off-allocation water is usually simulated by specifying surplus flow thresholds in
various reaches for each month of the year.  Whilst water use during both ‘on’ and ‘off’
allocation periods are simulated in the Lachlan, due to the lack of detailed calibration
data, it appears that the emphasis of modelling was on ensuring the total water use (i.e.
total of ‘off’ and ‘on’ allocation use) was simulated correctly, rather than the individual
components.

4.3 HIGH SECURITY LICENCES

There would appear to be three types of high security licences simulated in the Lachlan
IQQM:

4 high security irrigation.  This is modelled in a similar manner to the general
security irrigation discussed above and has a maximum planted area associated
with it.  High security irrigation was simulated in seven reaches in the Valley.

4 stock and domestic water use.  This was simulated in six reaches in the Valley.
These uses were simulated by fixed monthly demands.

4 town water supply extractions.  These were simulated for the towns of Cowra,
Forbes, Condobolin, Willandra, Hillston and Booligal by means of fixed monthly
demands.

The simulation of water use within industrial and mining operations was not included
in the Lachlan IQQM.  It is understood that in the late 1980s the annual water use by
these activities was approximately 4GL.
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5. SIMULATION OF INFRASTRUCTURE AND
MANAGEMENT RULES

5.1 RIVER REACHES

The following river reaches are simulated in the Lachlan IQQM:

4 the Lachlan River from Wyangala Dam to Oxley;

4 the Belubula River from Carcoar Dam to the Lachlan River;

4 various anabranches of the Lachlan River including Goobang Creek, Island
Creek and Wallamundry Creek; and

4 flows into and out of off-river storages at Lake Cargelligo and Lake Brewster.

None of the major tributaries feeding into the Lachlan River are simulated as river
reaches within the Lachlan IQQM.  This includes Bland Creek and the Lake Cowal
system, or returns from the Jemalong and Wyldes Plains irrigation districts.

In addition, outflows from the Valley to the Murrumbidgee River and the Benanee Basin
are not simulated.  Outflows to the Benanee Basin could potentially occur only in
extreme floods and therefore it is reasonable that they not be included.  

In respect of the outflows to the Murrumbidgee River, given its close proximity, some
outflows are expected to occur after sustained inflows to the Great Cumbung Swamp.
It is understood that with the lack of gauging information in the Lachlan and
Murrumbidgee Rivers in this area, it has not been possible to establish outflow volumes
that could be used to calibrate a model.  Therefore these volumes were not simulated
in the Lachlan IQQM.  As a consequence, losses in the lower end of the Lachlan will
be over-stated, and under-stated in the Murrumbidgee model.

However this is not expected to be a significant shortcoming of the Lachlan model.

5.2 STORAGES AND WEIRS

The following storages and weirs are simulated within the model:

4 Wyangala Dam.  It is understood that the variable air space operation of the
dam is not simulated;

4 Carcoar Dam;

4 Lake Cargelligo;
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4 Brewster Weir; and

4 Lake Brewster.

Jemalong Weir, Booberloi Weir, Island Creek Weir, Wallamundry Regulator, Cargelligo
Weir, Gonowlia Weir and Torriganny Weir are not simulated within the model.  Given
that the major storages are included, the omission of these minor structures from the
Lachlan IQQM is a reasonable modelling assumption.

It is understood that the normal river operating strategy is as follows.  When Lakes
Brewster and Cargelligo are sufficiently full, the Lachlan River is divided into two
sections for the purpose of regulation.  Wyangala Dam is operated to supply all
requirements as far as Lake Cargelligo Weir, while Lakes Cargelligo and Brewster are
operated to supply all requirements from there to the Murrumbidgee Junction.  When
the Lake Brewster storage is insufficient to supply downstream demands, releases are
made from Wyangala Dam to supplement outflows from Lakes Brewster and
Cargelligo. Carcoar Dam is used normally only to supply demands along the Belubula
River.  This broad operating strategy is replicated in the model. 

Whilst the use of on-farm storages by irrigators in the Lachlan River appears to be
limited, there is little data available to confirm this.  Within the model, operation of on-
farm storages is not simulated.

As noted in Section 5.1, the behaviour of the Great Cumbung Swamp is not simulated
in the model.

5.3 MINIMUM FLOW REQUIREMENTS

Minimum flows are maintained through special control nodes inserted at the following
locations in the model:

4 immediately downstream of Wyangala Dam;
4 at Bangaroo on the Belubula River.
4 at Booberoi Weir;
4 downstream of Lake Cargelligo;
4 at Brewster Weir; and
4 downstream of Hillston.

5.4 WATER RESOURCE ASSESSMENTS

Water resource assessments are made each year at the start of the season, based on
the volume of water held in storage in July, the minimum likely tributary and storage
inflows expected during the year, and an allowance for under-usage of allocations.
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Allowance is made for transmission and operation losses, evaporation loss from
storage, essential requirements and the provision of an end of year carryover storage
to supply essential requirements for the following year (Department of Water
Resources, 1989).

Within the Lachlan IQQM, water resource assessments are simulated by:

4 identifying all available water resources at the time;

4 estimating the water resources expected to become available during the
remainder of the water year.  This estimate uses the driest recorded sequence;

4 estimating essential requirements for high-security supplies, environmental and
other reserves and expected losses.  During the audit, it was not possible to
identify exactly what these various reserves and allowances were in practice.
In the model, the storage reserve has been adopted as a function of the time of
the year.  This was set to a volume of 201 GL in Wyangala and 8 GL in Carcoar
for July.  Allowances for transmission/operational losses of 194 GL and 6 GL
respectively from Wyangala and Carcoar Dams are provided;

4 maximum allocation of 120%;

4 no allowance for over-ordering; and

4 no allowance for carry-over.

It is also understood that an Environmental Contingency Allowance (ECA) of 100 GL
was introduced in the early 1990s as an interim measure to trial a number of
environmental flows. The 100 GL was set aside for a number of water years, but was
subsequently overtaken by other initiatives. As it was interim, it was not included in the
Lachlan cap model.

5.5 STOCK AND DOMESTIC, AND EFFLUENT REPLENISHMENTS

It is understood that during the 1980s it was normal practice to make replenishments
to Merowie, Muggabah and Merrimajeel Creeks and to Willandra Creek, downstream
of Willandra homestead.  These replenishments were usually made once each year
during the late autumn/winter period.

Within the Lachlan IQQM, three replenishments are simulated, comprising Willanda
Creek, Merrowie Creek and Merrimajeel Creek.  Approximately 9 GL are supplied to
each of these three over a two month period in summer and autumn. 

It is also understood that if there was sufficient water available and wetter conditions
were favourable, further replenishments were made in spring to ensure stock and
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domestic storages were full at the commencement of the warmer months (Department
of Water Resources, 1989).  During the course of the audit, the DLWC advised that
these were flows into the effluent systems that occur during winter/spring freshes. The
Lachlan IQQM has three effluent offtake nodes that simulate these flows during periods
of high flow and are tagged as ‘Muggabah’, ‘Middle Billabong’ and ‘Unnamed Creek’
in the model.  (These are the 88 GL average diversions under the heading “wetlands”
in Table 8.3).

5.6 SURPLUS FLOW ACCESS

It is understood from discussions with DLWC staff, that accurate records of off-
allocation extraction volumes are not readily available for the Lachlan Valley.  The
records that are available however indicate announcement periods, reach by reach.

As discussed above, simulation of off-allocation water has been included within the
model and is triggered by surplus flow thresholds within each month of the year over
five main reaches of the Valley.  There appears to be little confidence in the volume of
off-allocation water simulated.  Rather the emphasis has been on ensuring the total (i.e.
on and off-allocation) is reproduced in the model.
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6. CALIBRATION

6.1 OVERVIEW OF IQQM CALIBRATION PROCEDURE

IQQM is a relatively complex model with many parameters used to represent processes
within the river valley.  As the models have been progressively established for a
number of river valleys throughout NSW, the DLWC has developed a process which
enables the calibration activities to proceed sequentially, progressively adjusting all
calibration parameters.  At the commencement of this process, a larger number of
variables need to be 'forced' (i.e. fixed to their historically observed values).  The extent
of forcing progressively reduces as calibration proceeds (but it is not eliminated).

There are normally four steps in the calibration process:

4 Flow calibration — to reproduce the observed flow hydrographs at key locations,
given observed storage releases, tributary inflows and water extractions. For
this process, irrigation and other water extractions are forced. Only routing
parameters and transmission losses are calibrated.

4 Diversion calibration — to reproduce observed irrigation extractions from the
river.  Observed crop areas and crop mixes are forced.  Crop factors and
irrigation efficiency are calibrated.

4 Area planting decision — calibrates an irrigator’s decision making process to
reproduce observed crop planted areas.  Maximum and minimum area, crop mix
and farmers planting decision process would normally be calibrated.  (However
for the Lachlan IQQM, this was not possible because of lack of data).

4 Storage calibration — to reproduce the observed volumes in the four major
storages, over the calibration period. This involves calibration of the processes
relating to irrigation ordering and river operation.  As this is the last step in the
sequential calibration process, no forcing of other variables occurs at this stage
except for crop areas and mixes, and off-allocation extractions.

The selection of the calibration and validation periods is often constrained by the
availability of data.  In the Lachlan Valley, this is especially for irrigation data such as
diversions, areas and crop mixes. Within this constraint, the calibration period was
chosen to be representative of as wide a range of climatic conditions as possible. The
DLWC stated that the crop data prior to 1992 was not reliable and therefore could not
be used for calibration.  However, the data was used for validation of final assembled
model.

The periods chosen for the various stages of the calibration process are summarised
below (and also in Table 2.1):
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4 Flow calibration — different for various reaches, ranging from 1/1/1941 up to
31/12/1997.

4 Diversion calibration — from 1/7/1992 to 30/6/1998.

4 Crop area calibration could not be carried out due to the lack of recent
allocation-constrained years.  This meant that it was impossible to separate
farmers planting behaviour from growth.  Consequently areas were forced to
recorded values.

4 Storage calibration — from 1/7/1992 to 30/6/1998.

4 Overall model validation — 1/7/1983 to 30/6/1998.

The philosophy of the DLWC's calibration process has been reviewed during the audit.
It appears sound and the availability of practice notes from the DLWC describing the
calibration process, encourages consistency in the calibration activities as the model
is applied in many valleys across NSW.

Further the DLWC has also developed a procedure for assessing the quality of the
model's calibration and have initially documented this in a hydrology practice note in
1999.  Whilst some of the quality ratings proposed are somewhat arbitrary, the auditor
sees a number of advantages in having a consistent system for monitoring the quality
of the calibration of various models, particularly as this allows comparisons to be made
between various IQQMs.

The audit of the calibration achieved for the Lachlan IQQM is described in the following
sub-sections.

6.2 FLOW CALIBRATION

The DLWC has carried out an analysis of the quality of the flow calibration.  Four
locations in the Valley were chosen for comparison between modelled daily flows and
the observed flows and were documented in the ‘Flow Calibration’ section of the Cap
Report (DLWC, 2001).  These locations were:

4 Wyangala Dam outflows (i.e. releases and spills);
4 Lachlan River at Forbes;
4 Lachlan River at Condobolin;
4 Lachlan River at Booligal. 

To report the flow calibration at Wyangala is somewhat misleading because of the
forcing introduced in the flow calibration process.  Following discussion with the DLWC,
it was agreed that the Wyangala outflows reported in this section of the Cap Report
should be disregarded.

In respect of the three river stations,  various comparisons were made over the 27 year
period from June 1981 to 1998, between the modelled and observed flows as follows:
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4 Flow duration curves (expressing the percentage of time that a given flow was
exceeded) were inspected for the three river stations quoted above.

4 Comparisons were made with the annual flow volumes for the 15 year period from
1983-84 to 1997-98, again for the three river flow stations.

4 Time plots were prepared of the river flow at Booligal for the driest year in the
period (1987) and the wettest year in the period (1990).  Given that Booligal is
located at the western end of the Valley, in an area where river flows are
generally decreasing due to upstream effluents and diversions from the main river
channel, any errors in the modelled flow distribution in the Valley could tend to
accumulate and therefore may be readily apparent in the Booligal comparisons.

4 Statistical comparison of the flow volumes at the four locations noted above, over
four flow ranges, defined as follows:

– whole flow range;
– low flow range;
– mid-flow range;
– high flow range.

4 Two statistical measures of the replication of the flow time series.  These
comprised:

– “1-r2” where r2 represents the correlation coefficient;

– the coefficient of mean absolute annual differences (CMAAD) which
was defined by the DLWC as the sum of the absolute value of the
differences, divided by the sum of the observed values.

During the course of the audit, clarification was sought from the DLWC concerning the
extent of forcing which had been included in the model when producing the modelled
flows used in the above comparisons.  It is understood that storage releases (but not
spills), tributary inflows and water extractions were forced.  The data therefore
represents an ‘assembled reach’ as opposed as an ‘individual reach’ calibration (refer
Table D1, Appendix D of the Cap Report, DLWC, 2001).

The comparisons provided by the DLWC were comprehensive and indicated that good
flow calibration had been achieved in the model.

Care must be taken when interpreting the flow calibration comparisons from IQQM.
Strictly speaking the comparisons only provide a measure of the calibration of the
routing parameters and transmission losses included within the model.  The flows
simulated in the cap model are an accumulation of a variety of features of the model
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including simulation of tributary flows, water extractions, etc., and not only routing and
transmission losses.  Therefore the flow calibration comparisons do not necessarily
provide an accurate indicator of the model’s ability to simulate river flows.

Compared with many of the other river valleys in the Basin, the relative magnitude of
the transmission losses is large.  (Based on long-term average statistics, the magnitude
of the transmission losses is more than twice the diversions — see Table 8.3).  The
simulation of these losses is therefore an important component of the Lachlan IQQM
and the procedure used (fixed loss percentage varying with flow magnitude) is
considered appropriate.

6.3 DIVERSION CALIBRATION

Valley diversions were calibrated over a six year period from July 1992 to June 1998.
Although details are not presented in the Cap Report (DLWC,2001), it is anticipated
that the crop factors and irrigation efficiencies were calibrated (using the observed crop
areas and mixes) to ensure that the total simulated diversion volume exactly matched
the recorded volumes over this period.

Figure 3.9 of the Cap Report  provides details of the verification of the observed and
simulated annual diversion volumes for the period from 1983/84 to 1997/98, i.e. a
fifteen year period.  This plot indicates that the diversion volumes were closely
replicated outside the calibration period.  Further, the total volume simulated and
observed over the fifteen year period was within 2% of the observed value.  This again
represents a good fit.

The sum of the absolute differences between simulated and observed average
diversion volumes was 5.6% of the total diversion volume, again indicating that the
simulated values closely replicate the observed annual diversion volumes.

It needs to be emphasised that this calibration process only involves adjustment of the
crop factors and irrigation efficiencies.  The principal parameter affecting the simulation
of diversions are the assumed crop areas, and to a lesser extent the crop mixes, which
by necessity were forced as part of this calibration process. 

Within the cap model, these parameters are specified within the input data for the
model.  As explained in Section 4.2, in any given year the crop area is simulated to
vary based on the available resources, subject to a specified maximum area limit.  A
consistent crop mix is assumed throughout the simulation 

These parameters in particular are likely to have a significant bearing on the simulated
diversion volumes.   As discussed in Sections 2.4.4 and 4.4.3 of the Cap Report, the
crop areas, area limits and crop mixes adopted for the Lachlan IQQM were determined
by consideration of the historical areas and crop mixes.
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6.4 PLANTED AREA CALIBRATION

It was not possible for the DLWC to calibrate crop areas as a function of the available
resources.  This was because there had not been any recent years of low allocations
from which to establish the reduction in crop areas as the available resource
diminishes.  This is a significant drawback of the model and reduces confidence in its
ability to simulate diversions outside the climatic conditions observed during the
calibration period.

Plots of the historical variation in crop areas are provided in Figures 8.1 and 8.2.

6.5 STORAGE CALIBRATION

Having concluded calibration of other parameters as discussed above, the storage
behaviour replication was carried out using the calibrated flow parameters and demand
parameters, whilst the crop areas and crop mixes were forced to the observed data.
Some river operational parameters such as the tributary utilisation and the operational
surplus factors were determined by this process.

Tributary utilisation factors indicate the rate of recession assumed for tributary inflows
on the ‘current day’ in the model. This is used when calculating the ‘current day’s’
release from storage to ‘forecast’ how much tributary inflow will occur as the storage
release passes that tributary. In reality such factors depended on the river operator’s
knowledge of the river system and the likely tributary recessions.

Fixed tributary utilisation factors applying throughout the whole year were determined
during the storage calibration process.  Factors of 30% were applied to Combing and
Flyers Creeks  for orders from Carcoar Dam.  Whilst 100% factors were applied to the
Boorowa and Belubula Rivers for orders from Wyangala Dam, a 50% factor was
applied to Back Creek.

The storage calibration was carried out over the six year period from July 1992 to June
1998.  Plots of the storage behaviour were also provided by the DLWC for the fifteen
year period from July 1983 to June 1998, for Wyangala Dam, Lake Cargelligo and Lake
Brewster.  Plots for Carcoar Dam were not provided however statistical information was
included for this storage and the other three storages for which plots were provided.

The data indicated good agreement for the upper catchment storages of Wyangala and
Carcoar.  The Lake Cargelligo and Brewster storages, which are located towards the
middle of the valley and are subject to regulation and irrigation in the upper valley, had
poorer performance when comparing storage volumes under simulated and observed
conditions.
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6.6 OVERALL MODEL CALIBRATION

The DLWC have attempted to prepare an overall ‘quality rating’ for the model
calibration process, and have applied it to the Lachlan IQQM.  Given that a number of
IQQMs are proposed for the NSW designated valleys, the concept of preparing an
overall model rating relating to calibration should be commended.  Any measures that
provide consistency and quality assurance between models of different valleys should
be encouraged. 

Obviously, the model quality rating must be tailored to the intended use of the model
and in this regard the DLWC have chosen four key measures to test the quality of the
calibration of IQQMs for cap compliance.  These comprise:

4 total diversion for the Valley;
4 end of system flows;
4 combined storage behaviour; and
4 flows at key station site.

Whilst the procedure proposed by the DLWC is somewhat arbitrary and requires some
subjective assessment to enable an overall quality rating to be produced, the proposed
system allows the calibration of IQQMs from different valleys to be compared.

When the procedure proposed by the DLWC was applied to the calibration of the
Lachlan IQQM, the ‘Overall Quality Indicator’ was found to be ‘very high’.
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7. REPRESENTATION OF 1993/1994 LEVELS OF
DEVELOPMENT

7.1 INTRODUCTION

As discussed in Section 1.3 and Table 1.1, there will generally be three models
prepared by the various agencies to fulfil their requirements under Schedule F of the
Murray-Darling Basin Agreement.  These three models are the ‘cap model’, the ‘target
model’ and the ‘calibration model’.

The calibration model is used to establish appropriate model parameters by comparing
model output with historically observed values.  In some cases, other model
parameters need to be ‘forced’ during this process.  Chapter 6 of this report has
discussed the manner in which the DLWC has established and used the Lachlan
calibration model.

The cap model provides a long-term simulation of a Valley under 1993/94 levels of
development.  The average annual diversion from this model is required under
Schedule F to calculate the cumulative cap debit or credit (see Clause 11(8) b and c).
A cumulative cap debit may trigger a Special Audit by the Independent Audit Group (i.e.
Clause 14).  Both the model software and the various model inputs (i.e. climatic data,
crop areas, etc.) for the Lachlan cap model have been provided for auditing.  This
chapter of the audit report discusses in particular the manner in which the 1993/94
levels of development have been included in the cap model.

The target model will be used by the various agencies to determine their annual
diversion targets for reporting under Schedule F.  This model is identical to the cap
model except that the simulation commences in July 1997 and uses recorded climatic
inputs.  The results of the target model in a given year allow for auditing of the actual
Valley diversions against the simulated model diversions under 1993/94 levels of
development. 

The target model per se including the model software and the input data, are not the
subject of this audit.  As the target model will be run in future years to simulate future
performance in a river valley, the data used in that model cannot be audited now. The
model software however can be audited.  As noted in Table 1.1, as the software within
the target model and the cap model are identical, the auditing of the cap model
presented in this report should suffice as an audit of the target model software,
provided this software is used by the various agencies when running the target model
in future years. 

In this regard, it is recommended that the MDBC establish some quality assurance
procedures to ensure that this occurs.  These procedures might include:
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4 ensuring that a digital copy of the ‘cap model’ software and input data, once
approved under Schedule F, is held at the MDBC office;

4 requiring that as part of the ongoing process of preparing annual targets using the
‘target model’:

– a copy of the input data be provided to the MDBC;

– that the agencies provide written confirmation that the target model
software used to prepare the targets is identical to the cap model
software previously approved under Schedule F; and

– as target models are currently being used to provide annual targets to
the MDBC before the cap model software has been approved under
Schedule F, such targets will need to be re-assessed with the cap
model software, once approved.

7.2 MODEL SIMULATION PERIOD

The Lachlan IQQM has been used to simulate cap conditions over the 103 year period
from July 1898 to June 2001.  It is noted that under Schedule F, the cap model should
start from the beginning of the 1891 water year and terminate at the end of the 1997
water year, unless a lesser period has been approved by the Commission.  The period
used by the DLWC for the Lachlan model starts later and ends later than that specified
in Schedule F.  It is understood after discussions with the DLWC that it was impractical
to commence the model from 1891 in the Lachlan Valley due to the absence of
appropriate climatic data.  In the auditor’s opinion, the use of the later starting date is
therefore appropriate.

With regard to the finishing date of the model, it would also seem appropriate for any
agency preparing a cap model to use a date later than the end of the 1997 water year,
where such data is available (which will always be the case).  Whilst models of some
designated valleys may therefore use slightly different periods, this disadvantage is
offset by the opportunity to include greater climatic variation in the simulation, therefore
improving the representativeness of the results.

The use of the longer simulation period in the Lachlan IQQM is therefore appropriate.
Further, it is recommended to the MDBC that the finishing date for all cap models
should be extended beyond the 1997 water year to include all data available (at the
time the model is submitted for approval).

7.3 INCORPORATING 1993/94 LEVELS OF DEVELOPMENT IN THE
CAP MODEL.

In preparing the Lachlan IQQM cap model, 1993/94 levels of development have been
incorporated in the model using the following assumptions:
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4 Wyangala and Carcoar Dams infrastructure and operating policy as per 1993/94
conditions.  Whilst a statement to this effect appears in the Cap Report and some
additional supporting data has been provided, there has generally been
insufficient documentation provided to the auditor to confirm this statement. 

4 Pump capacity as installed in the 1993/94 irrigation season.  Again this statement
was included in the Cap Report and, due to a lack of documentation, it has not
been possible to properly confirm this.  However, through the auditor’s own
investigation, no other contrary information has arisen.

4 The crop mix as observed during the 1993/94 irrigation season.  Data on the crop
mix was provided in the Cap Report, and appears to be consistent with this
statement.

4 Maximum planted areas based on the observed data for the 1993/94 irrigation
season.  Again, data has been provided in the Cap Report that appears to confirm
this statement.

4 Minimum planted areas based on anecdotal experience from DLWC officers over
the 1980s and 1990s.  It was concluded that in severely resource constrained
years, there would be a minimum area planted.  The total minimum planted area
for the model was adopted as 17,000 hectares, or approximately 20% of the
maximum area.

4 Planting area decision determination derived from local DLWC officer experience
and the available data.  In essence, this planting decision determination was
depicted as two relationships, one for summer planting behaviour and the other
for winter planting behaviour (see Figures 7.1 and 7.2, and refer Section 4.2).
(Note that the relationships presented in the Cap Report are incorrect and
following discussions with the DLWC, corrected relationships have been
presented in Figures 7.1 and 7.2 which are consistent with the data in the cap
model):

– For the summer relationship, the planted area was expressed as a
function of the announced allocation in September each year.  It was
assumed that the maximum summer area of 42,500 ha would be planted
when allocations were approximately 50% or greater, with the minimum
area of 17,000 ha planted when allocations were 20% or lower.  In
between these limits, the planted area was assumed to vary linearly with
the allocation that was indicative of the crop water requirement of about
7.5 ML per hectare.

 
– The winter relationship expressed the planted area as a function of the

resource available at the start of March.  When no water was available,
zero area was planted and this increased to a maximum winter area of
approximately 38,100 ha once 200GL of water was available.  This
indicated a typical crop water requirement of approximately 5.5 ML per
hectare was used. 
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FIGURE 7.1:  Assumed Summer Planting Behaviour.

FIGURE 7.2:  Assumed Winter Planting Behaviour.
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– The summer and winter relationships and in particular the maximum areas
to be planted which are inherent in the relationships, are obviously critical
parameters determining the long-term water use predicted by the model.
The relationships assumed within IQQM have been largely developed
based on anecdotal information and experience given the absence of real
data.  It has not been possible for the auditor to assess the accuracy of
these relationships.  Nevertheless the assumptions inherent in the
relationships appear reasonable.

4 Management rules applicable to the 1993/94 irrigation season.  It has not been
possible to confirm this statement due to a lack of documentation as to what the
1993/94 management rules were.  Nevertheless no data has been uncovered by
the auditor which contradicts this assertion.

4 Diversions from unregulated parts of the Lachlan Valley have not been included
in the model.  This issue was previously raised in Section 4.1.  Note that data for
inflows and tributary inflows have been based on recorded information and were
extrapolated and extended from the available inflow and climatic data. As this data
includes for some historical diversions within the tributaries, the inflow data used
in the model will be over-estimating the true inflows (i.e. without the unregulated
diversions from the tributaries at 1993/94 levels).  This could lead to a slight over-
estimation of diversions in the cap model.

4 Total regulated licence entitlements based on recorded data for the 1993/94
irrigation season.  It is noted this does not include for the unregulated licences.

4 Crop mix observed during the 1993/94 water year.  Data provided in the Cap
Report indicates there is some variation in the crop mix in the years surrounding
1993/1994.  There were significant variations in the area of winter cereal and
winter pastures that were planted.  (See Figures 8.1 and 8.2).

4 No on-farm storages were included.  It is understood there are currently little if any
on-farm storages in the valley and therefore this assumption appears reasonable.

4 Full intra-valley trade and no inter-valley trade was assumed.  No data to confirm
this assumption was provided in the Cap Report, nevertheless the assumption
appears reasonable.

4 High security irrigation area based on observed data from the 1993/94 year.  It is
understood this area was 1,900 ha.

4 Town water supplies based on average diversions over the period 1992–1995. 
These average annual diversions were disaggregated into average monthly water
supply requirements which were fixed throughout the simulation.  It is understood
that approximately 10 GL per annum was included in the town water supply.
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(Note, the DLWC has advised that the 15.1 GL average annual use “during
calibration” quoted in Table B.2 of the Cap Report is incorrect and should say “10
GL”).

4 Stock and domestic supplies based on observed data from the 1992–1995 period.
Again fixed monthly use patterns were developed in a similar fashion to that
discussed for town supplies.  An annual demand of 9GL was adopted. 

4 Industrial and mining extractions were ignored.  These extractions were not
represented in IQQM.

4 Groundwater use was neglected.  No data on ground water use or the interaction
between ground water and surface water usage have been reviewed by the
auditor.

4 Resource assessment procedures based on experience of local DLWC officers of
the system that was in place for the 1993/94 season.  The main features of this
procedure comprised:

– Wyangala and Carcoar Dams operated as separated systems;
– maximum allocation of 120%;
– no carry over;
– no borrow;
– storage reserve of 201GL in Wyangala and 8GL in Carcoar Dam, in July.

This reserve was progressively reduced throughout the year;
– three annual stock and domestic replenishments totalling 30GLs.

4 Minimum flows based on the experience of local DLWC officers. 

Within Appendix E of the Cap Report, there was a comprehensive statement included
which specified the key model parameters which were adopted to simulate 1993/94
levels of development.  All principal model parameters appear to have been included in
this list.  Given its importance, this list has been reproduced in Appendix E.
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8. MODEL ROBUSTNESS AND OTHER COMMENTS

8.1 COMPARISON WITH 1992/93 —1994/95 PERIOD

Within the Cap Report, a comparison of the performance of the cap model with recorded
behaviour over the three year period from July 1992 to June 1995, was provided.  This
period was chosen by the DLWC as it represented a period over which development
conditions were closest to the 1993/94 levels of development used in the cap model.

This comparison represents the only true ‘validation’ run presented by the DLWC in their
Cap Report.  This is because in Section 3 of their report which deals with “Model
Calibration and Validation”, all model runs involve forcing of at least some model
parameters.  In the comparison presented for the 1992/93–1994/95 period however, no
forcing occurred except for the specification of initial conditions.

It is understood the initial conditions were selected from recorded data or estimates at
the beginning of May 1992.  Simulation was commenced at this point of time, whilst the
comparison was carried out from July 1992 onwards.  This would seem an appropriate
means by which to establish initial conditions, given that IQQM has a number of model
parameters such as soil moisture stores, etc., which cannot easily be determined from
recorded data. 

A summary comparison of the key observed and modelled parameters over the period
is presented in Table 8.1.  This table has been generally reproduced from information
provided in the DLWC’s Cap Report.

In comparing the observed and modelled behaviour over the 1992/93–1994/95 period,
the following comments are made:

4 As discussed previously, the cap model utilises the maximum planted areas
recorded during the 1993/94 season.  Therefore the simulated areas for this
year exactly reproduce the observed areas.  In respect of the other two years
however, the model under-estimates the total planted area.  This is due
principally to an under-estimation of the winter area in 1992/93, and the summer
area in 1994/95.  It should be noted that the 1994/95 season was very dry and
the announced allocation in September was 80%.  Nevertheless a similar area
to the 1992/93 season was planted.

4 The announced allocations at the beginning of September each year were
replicated exactly.

4 The total diversions appear to be replicated closely, with the difference between
modelled and observed diversions of –2%, +3% and –4% for the 1992/93,
1993/94 and 1994/95 seasons respectively.  (Note that whilst the modelled
areas tend to be generally under-predicted over the period, the model diversions
do not show this trend.
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TABLE 8.1: —
COMPARISON OF MODEL PERFORMANCE OVER PERIOD 1992/93–1994/95

PARAMETER 1992/93 1993/94 1994/95

Announced Allocation (%)

Modelled 120 120 80

Observed 120 120 80

September

Difference 0% 0% 0%

Areas (Ha)

Total Modelled 80,600 80,600 75,700

Observed 85,200 80,600 84,900

Difference -5% 0% -11%

Modelled 40,600 40,600 40,600

Observed 40,400 40,600 48,400

Summer

Difference +0.5% 0 -16%

Winter Modelled 38,100 38,100 33,200

Observed 42,800 38,100 34,400

Difference -11% 0 -3%

Diversions (GL)

Modelled 255 293 414

Observed 259 284 432

Difference -4 +9 -18

-2% +3% -4%

Application Rate (ML/Ha)

Modelled
Observed

3.2
3.0

3.6
3.5

5.5
5.1

Flows (GL)

Modelled 770 825 710Wyangala releases

Observed 815 813 650

596 1057 235Tributary contribution

Difference -45
-6%

+12
+1%

+60
+9%

Modelled
Observed

282
320

330
365

91
100

End-of-system:
(Oxley* + Willandra#)

Difference -38
-12%

-35
-10%

-9
-9%

*  Observed Oxley flows estimated based on a correlation with Booligal flows
#  Observed Willandra flows estimated based on a correlation with Oxley flows

4 The Wyangala releases appear to be replicated fairly closely.

4 The end of system flows appear to be consistently underestimated by
approximately 10%. 
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Overall, the comparison between the modelled and observed behaviour for the 1992/93–
1994/95 period was reasonable and did not identify any significant biases in the model.

A comparison of the Wyangala storage behaviour over this period was also presented
in the Cap Report.  This also showed close agreement between the modelled and
observed storage behaviours.

8.2 SENSITIVITY OF MODEL TO ASSUMED CROP AREAS AND CROP
MIXES

As discussed previously, the simulated diversions from the Lachlan IQQM are likely to
be sensitive to assumptions concerning crop areas and, to a lesser extent, crop mixes.
Values of these parameters for 1993/94 levels of development were based on the
recorded areas/mixes from the 1993/94 season.  A range of other alternatives to this
approach was available, (e.g. average of three or five years around 1993/94), some of
which were considered by the DLWC.

The variation in recorded crop areas of the period 1992/92–1999/00 is shown in
Figures 8.1 and 8.2.  These figures indicate that there has been significant variation in
the areas and mixes in some years.  Most notably:

Figure 8.1:  Variation in Crop Areas 1991/92–1999/00
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Figure 8.2:  Variation in Summer and Winter Crop Areas
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TABLE 8.2:
SENSITIVITY OF MODELLED DIVERSIONS TO VARIATIONS IN CROP AREA

CAP RUN MAXIMUM AREA
FROM CAP RUN
INCREASED BY

10%

MAXIMUM AREA
FROM CAP RUN
DECREASED BY

10%

IQQM Run No. C71a C075 C076
Maximum Area 80,635 ha 88,700 ha 72,570 ha
Average Annual Diversions:
4 General Security
4 High Security
4 Stock and Domestic
4 Town Water

288.5 GL
11.8 GL
9.2 GL
9.9 GL

304.0 GL
12.9 GL
9.2 GL
9.9 GL

270.1 GL
10.6 GL
9.2 GL
9.0 GL

Total Diversion
Change from Cap Run

319.4 GL
0%

336.0 GL
+5.2%

299.8 GL
-6.1%

Notes:
1. All diversions include Belubula System
2. The results are based on model runs from July 1898 to June 2000 (i.e. 102 year period). Note that the

average annual cap diversion discussed in Section 8.5 is based on the 103 year simulation period,
July 1898 to June 2001.  This average is 320.0 GL per annum and differs slightly from the 319.4 GL
per annum figure quoted in Table 8.2.

To test the sensitivity of the model to variations in crop mix, the cap model (i.e. Run
No. 71a) was re-run using the recorded crop mix from the 1994/1995 season in lieu of
the 1993/94 crop mix.  This increased the long-term average diversion by approximately
4 GL or 1%.

Having considered the results of the sensitivity analysis and the available information
concerning crop areas and mixes, the DLWC’s decision to adopt the actual 1993/94 crop
areas and mixes to represent 1993/94 levels of development, is reasonable.

8.3 WATER BALANCE CHECK

It is understood that the current version of the IQQM software carries out an overall
water balance check automatically.  However, the version of IQQM used for the Lachlan
model, i.e., Version 6.54.2, does not carry out this check automatically.  During the audit,
the DLWC advised that the water balance of the Lachlan IQQM had previously been
checked manually and provided data to confirm that a satisfactory balance was
obtained.  A summary of this water balance data has been reproduced in Table 8.3.

8.4 POTENTIAL MODEL IMPROVEMENTS

All models are only approximations of actual behaviour.  With additional effort, it is
always possible to improve the manner in which a model represents the real world.
However, in considering whether to make such improvements, an assessment must be
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made as to whether the additional effort required to make the improvements is
warranted having regard to the likely benefits and the potential use of the model.  This
requires a subjective assessment by the model managers.

TABLE 8:3 WATER BALANCE FOR CAP RUN —  AVERAGE ANNUAL
VOLUMES (GL)

OUTFLOWS INFLOWS

Inflows

Evaporation
Extraction
Effluent Replenishments
Wetlands
Channel loss
Spill to unnamed lagoons
End of system
Change in Storage

74
319
27
88

728
75

227
12

1,549

TOTALS 1, 550 1,549

Note:  Difference between inflow and outflow totals is due to rounding.

For the Lachlan IQQM, the DLWC has identified an extensive list of potential model
improvements.  The inclusion of this list of model improvements within the Cap Report
is to be commended as it indicates that the shortcomings of the model have been given
some consideration. 

The potential model improvements identified by the DLWC comprise:

4 Upgrades to the flow calibration for:
– extended streamflow records;
– additional tributary gauges.
– routing of tributary inflows;
– incorporation of Brewster Weir data,
– antecedent conditions based losses;
– variable river surface area based on streamflow;

4 Upgrades to the demand and area calibration for:
– extended irrigation demand data;
– crop modelling using ‘Crop Model 3’;
– improved modelling of planting decisions;
– representation of transfer market;
– better spatial representation of rainfall used to generate crop demands;
– explicit representation of unregulated users;
– town water supply modelling;
– improved representation of the Belubula irrigation scheme;
– on-farm storage operation.

4 Upgrades to the storage behaviour modelling for:
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– back calculated Wyangala Dam inflows;
– variable tributary utilisation;
– variable operational surplus.

4 Upgrades to off-allocation modelling:
– improved off-allocation modelling.

4 General upgrades:
– separation of consumptive users from environmental requirements.
– allow for the impacts of access to groundwater resources.

It is the auditor’s opinion that these are a realistic set of improvements and that none
warrant immediate inclusion within the Lachlan IQQM before approval under
Schedule F.

8.5 VISUAL ASSESSMENT OF MODEL PERFORMANCE

In order to allow some comparison of the performance of models prepared for different
designated valleys, a comparison of the recorded and simulated annual diversions over
the last 15–20 years may be useful.

This data has been plotted for the Lachlan Valley and is shown in Figure 8.3.  It is
intended that similar plots will be prepared for each designated valley as the models are
audited, as this will allow a visual comparison and a brief statistical comparison of model
performance between valleys to be made.  The principal features shown on the graph
comprise:

4 Recorded diversions.  These diversions were those provided by the DLWC in
November 2001 and briefly discussed in Section 1.6.

4 Recorded diversions adjusted for trend.  The recorded annual diversions were
plotted against the water year and a straight line fitted through the data to identify
the linear trend (i.e. growth).  Once identified, this trend was removed from the
recorded data by adjustment around the 1993/94 water year.  In respect of the
Lachlan Valley, the trend was 3.1% per year, or 9.8GL per year.  It is noted that
this trend adjustment is a simple linear adjustment and was applied to recorded
diversions to increase the diversions before the 1993/94 year and decrease
diversions after the 1993/94 year.  Whilst the adjustment seems appropriate for the
Lachlan Valley, other more sophisticated forms of trend adjustment are possible
and may be more appropriate in other designated valleys.  Nevertheless the simple
linear adjustment has been adopted to ensure a consistent methodology for model
audits of all Designated Valleys.

4 Cap model diversions.  These are the annual diversions predicted by the cap
model.
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4 Average annual cap diversion.  This is the long-term average annual diversion
predicted by the cap model.

4 Climatic index.  This was prepared to provide a visual guide to the
representativeness of the catchment rainfall over the period, compared with the
simulation period.  An average rainfall for the Lachlan Valley was computed by
averaging the rainfalls at Forbes, Lake Cargelligo and Booligal over each water
year.  Rainfall statistics were then derived from the extended rainfall data sets
within the Lachlan IQQM.  The climatic index represents the probability of
exceedence of the rainfall over the simulation period.

4 Storage index.  This index is similar to the climatic index and provides an indication
of storage volume variations over the 15 year period, when compared with the
simulation period.  The Lachlan storage index was derived from the Wyangala
volume at the beginning of September each year with storage statistics derived
from the Lachlan IQQM results.  As for the climatic index, the storage index
represents the probability of exceedence of the storage values, with reference to
the simulation period.

A statistical comparison between the recorded annual diversions (adjusted for trend) and
the cap model diversions (plotted in Figure 8.3), over the 18 year period from July 1983
to June 2001, identified that:

4 the correlation coefficient r2 = 0.73;

4 the mean errora = +15 GL.
or  +4.7% of the long-term average diversion cap;

4 the standard errorb = 45 GL.
or 14% of the long term average diversion cap.

In reviewing these statistics, it must be recognised that they are strongly dependent on
the method of trend adjustment used with the recorded diversion data. 

Whilst a mean error of +4.7% has been identified by this procedure, the calibration
procedure used by the DLWC is unlikely to have generated a mean error of this
magnitude and adjustment to the model to remove the mean error quoted above is not
recommended.

However, the mean error (and standard error) statistics have been provided as they may
allow useful comparisons to be made between future models of other Designated
Valleys.

Footnotes:
a. ‘Mean error’ is a common measure of model bias.  It is defined as the arithmetic sum of the differences between the modelled

and recorded versions divided by the number of years.
b. ‘Standard error’ is the square root of:–  the sum of the squares of the differences between the modelled and recorded

diversions divided by the number of years.  It provides an indication of the typical variation between modelled and observed
diversions which can be expected.
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8.6 EXPECTED VARIABILITY IN ANNUAL DIVERSIONS PREDICTED
BY CAP MODEL

The diversions within a valley can be expected to vary with the prevailing climate and
water resource availability.  Throughout the twenty-two Designated Valleys of the Basin,
some variability in the ‘response’ of diversions to climate and resource availability can
be expected.

To provide a measure of the potential variation in annual diversions for the Lachlan
Valley, Figures 8.4 and 8.5 have been prepared.  These figures are under cap
conditions and indicate the potential variability over the range of climatic and resource
conditions simulated from July 1898 to June 2001.

The information presented in Figures 8.4 and 8.5 indicates:

4 diversions could potentially reduce by 70% or increase by 50% from the average
annual cap diversion;

4 for 24% of the time, annual diversions should be within ±10% of the average
annual cap diversion.

4 for 45% of the time, annual diversions should be within ±20% of the average
annual cap diversion.

4 for 78% of the time, annual diversions should be within ±40% of the average
annual cap diversion.

Obviously, if management rules change or the level of development alters, there will be
potential for greater variability to occur than shown in Figures 8.4 and 8.5.

8.7 ROBUSTNESS OF MODEL TO OPERATE OUTSIDE CALIBRATION
PERIOD

The ability of the Lachlan IQQM to accurately simulate diversions outside the calibration
period is an important consideration for this audit.  This issue however has not been
addressed in the Cap Report and in the auditor’s opinion, it is difficult to objectively
quantify the accuracy of the model outside the calibration period, given the absence of
data.

In considering the robustness of the model however, the following subjective comments
can be made:

4 The model is unable to account for changes in water management resulting from
movements in agricultural markets or changes in farm practice that are
unrelated to climate or water availability;
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4 Transmission losses in the model are based on average antecedent conditions.
As noted in Section 6.2, transmission losses are relatively large and are
modelled as fixed percentages of river flows.  Whilst these percentages vary
with the magnitude of the flow, no account has been taken of antecedent
climatic conditions.  In general terms, it is likely that in persistently dry or wet
years, the predicted losses will generally be under-estimated or over-estimated,
respectively.

4 There have been on occasions significant variations in the areas which have
been planted in the valley.  Even without variations in the market, variations in
areas can be expected due to need to rotate land, the availability of seed and
fertiliser, changes in local farming practices, etc.  It is therefore unrealistic to
expect that the Lachlan IQQM can accurately simulate the summer and winter
crop areas in a given season.  By necessity, the procedures in the model must
involve some approximation and averaging of the observed behaviour.  These
procedures, whilst reflecting long-term average behaviour, cannot be expected
to reflect actual behaviour in all years.  In addition, given that there is a shortage
of area data in resource constrained years within the Lachlan Valley, significant
discrepancies in the model’s ability to reproduce planted areas in significantly
dry or resource constrained years, may occur as the model is used in future
years. Nevertheless, the occurrence of these years should be infrequent and are
unlikely to necessitate recalibration of the model. 

In conclusion, the robustness of the model to satisfactorily operate outside the climatic
conditions represented over the calibration period is not guaranteed, particularly in
extreme climatic conditions.  Nevertheless, in the opinion of the auditor, there are no
major improvements to the model which should be included at the current time to
improve its robustness (given the data which is currently available).
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9. CONCLUSIONS AND RECOMMENDATIONS

Whilst a number of issues and discrepancies have been identified with the Lachlan
IQQM and its documentation during the process of this audit, these have generally been
minor.  In the opinion of the auditor, the model is sufficiently robust and lacks significant
bias for it to be used for the simulation of long-term diversions and annual targets under
Schedule F.

The following conclusions and recommendations are the key outcomes of this audit:

(a) The Lachlan IQQM be approved by the MDBC for use in calculating the long-
term diversion cap under Schedule F.

(b) The software used in the Lachlan IQQM also be used to determine annual
diversion targets under Schedule F.

(c) The DLWC provide the MDBC with diversion data for the Lachlan Valley from
the 1983/84 season through to the current time.  Where this data set differs
from the diversion data assumed during the establishment and calibration of
the Lachlan IQQM, any discrepancies should be documented and a statement
provided detailing the potential impacts of these discrepancies on the relevant
components of the model.

(d) Note be made that the Lachlan IQQM does not simulate diversions from
unregulated portions of the Valley’s tributaries nor from industrial and mining
operations.  Accordingly, manual adjustments should be made to the model’s
results when calculating long-term diversions and annual targets.

(e) The MDBC’s Register of Diversion Definitions needs to be amended in
accordance with the details provided by the DLWC in Appendix D of this
report.

(f) In terms of the Schedule F, Clause 9(4)(e), the MDBC approve operation of the
Lachlan IQQM over the 103 year period from July 1898 to June 2001.

(g) The MDBC recommend to all agencies preparing cap models, that they use the
longest model simulation period that is possible.  In particular, the finishing
date for all cap models should be extended beyond the 1997 water year
specified in Schedule F, to include the latest data available at the time of
model approval.

(h) The existing shortcomings of the Lachlan IQQM, and the principal model
improvements which have been identified, be pursued by the DLWC and a
revised Lachlan IQQM be presented again to the MDBC for approval under
Schedule F, by say, June 2007.



Audit of MDBC Cap Model — Lachlan River Valley 48 Bewsher Consulting Pty Ltd
Final Report  —  August 2002 J1039R_3.doc

(i) The existing errors and discrepancies in the Lachlan Cap Report be rectified
and a revised report be provided to the MDBC.

(j) A digital copy of the cap model software and input data, once approved under
Schedule F, be held at the MDBC office;

(k) The MDBC and the relevant agencies consider establishing quality assurance
procedures for the ongoing process of preparing annual targets.  These might
include annually:

– providing copies of the target model input data to the MDBC; and

– providing written confirmation that the target model software is identical
to the cap model software previously approved under Schedule F; and,

given that many agencies are currently producing targets without having their
models approved under Schedule F:

– re-assessing all previous annual targets with the cap model software,
once it is approved.
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APPENDIX A — SCHEDULE F — CAP ON DIVERSIONS

This document contains the full text of “Schedule F — Cap on Diversions” to the Murray-
Darling Basin Agreement.  This is the Schedule agreed upon by the Murray-Darling
Basin Ministerial Council at Meeting 29 on 25 August 2000. 

SCHEDULE F

CAP ON DIVERSIONS

Purposes

1. The purposes of this Schedule are:

(a) to establish long-term diversion caps from rivers within the Murray-Darling
Basin, in order to protect and enhance the riverine environment; and

(b) to set out action to be taken by the Ministerial Council, the Commission
and State Contracting Governments to quantify and comply with annual
diversion targets; and

(c) to prescribe arrangements for monitoring and reporting upon action taken
by State Contracting Governments to comply with annual diversion
targets.

Definitions

2. In this Schedule, except where inconsistent with the context:

"baseline conditions" means the level of water resource development for rivers
within the Murray-Darling Basin as at 30 June 1994 determined by reference to:

(a) the infrastructure supplying water; and

(b) the rules for allocating water and for operating water management systems
applying; and

(c) the operating efficiency of water management systems; and

(d) existing entitlements to take and use water and the extent to which those
entitlements were used; and

(e) the trend in the level of demand for water within and from the Murray-
Darling Basin at that date.

"designated river valley" means a river valley or water supply system referred
to in, or designated under, sub-clause 3(1).
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"historical data" means data relevant to the period from 1 July 1983 to
30 June 1994, or such other period as the Commission may from time to time
determine.

"Register" means the Register referred to in sub-clause 11(7).

“river valley” means a river valley within the Murray-Darling Basin referred to in
sub-clause 3(2).

"water year" in relation to a river valley or a water supply system means the
relevant 12 month period applicable to the allocation of water entitlements and
measurement of diversions in that river valley or water supply system.

River Valleys and Designated River Valleys

3. (1) Subject to sub-clause 3(3), the river valleys or water supply systems
listed at Schedule 1 are "designated river valleys" for the purposes of
this Schedule.

(2) Subject to sub-clause 3(3), the river valleys listed at Schedule 2 are
“river valleys” for the purposes of this Schedule.

(3) The Ministerial Council may, from time to time, on the recommendation of
the Commission:

(a) amend the description of:

(i) any designated river valley described in Schedule 1; or

(ii) any river valley in Schedule 2;

(b) designate, for the purposes of this Schedule, any river valley or
water supply system not referred to in Schedule 1; or

(c) add any river valley to those set out in Schedule 2.

Long-term diversion cap for New South Wales

4. (1) The Government of New South Wales must ensure that diversions within
each designated river valley in New South Wales do not exceed diversions
under baseline conditions in that designated river valley, as determined by
reference to the model developed under sub-clause 9(4).

(2) In calculating baseline conditions for the Border Rivers, allowance must
be made for such annual volume as the Ministerial Council may, from time
to time, determine in view of the special circumstances applying to Pindari
Dam.
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Long-term diversion cap for Victoria

5. (1) The Government of Victoria must ensure that diversions within each
designated river valley in Victoria (including the upper River Murray) do
not exceed diversions under baseline conditions in that designated river
valley, as determined by reference to the model developed under sub-
clause 9(4).

(2) In calculating baseline conditions for the Goulburn/Broken/Loddon and/or
the Murray Valley water supply systems, allowance must made for an
additional 22 GL per year, or such other annual volume as the Ministerial
Council may, from time to time, determine in view of the special
circumstances applying to Lake Mokoan.

Long-term diversion cap for South Australia

6. (1) The Government of South Australia must ensure that diversions from the
River Murray within South Australia:

(a) for water supply purposes delivered to Metropolitan Adelaide and
associated country areas through the Swan Reach-Stockwell,
Mannum-Adelaide and Murray Bridge-Onkaparinga pipeline
systems do not exceed a total diversion of 650 GL over any period
of 5 years;

(b) for Lower Murray Swamps irrigation do not exceed 83.4 GL per
year;

(c) for water supply purposes for Country Towns do not exceed 50 GL
per year; and

(d) for all other purposes do not exceed a long-term average annual
diversion of 440.6 GL.

(2) Subject to sub-clause 6(3), the Ministerial Council may alter the annual
diversion cap set out in:

(a) paragraph 6(1)(b) after considering a submission from the
Government of South Australia on the 1993/94 level of diversions
for the purposes referred to in that paragraph; and

(b) paragraph 6(1)(c) after considering the outcome of modelling
studies.

(3) The Ministerial Council may only alter an annual diversion cap under sub-
clause 6(2) in order to represent more accurately diversions under
baseline conditions.
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(4) The Government of South Australia must ensure that no part of any
entitlement created in South Australia with respect to the diversion
referred to in paragraph 6(1)(a) is either used, or transferred for use, for
any purpose other than use in Metropolitan Adelaide and associated
country areas, unless the Ministerial Council determines otherwise.

(5) If the Government of South Australia supplies any of the diversions
referred to in paragraph 6(1)(d) through the Swan Reach-Stockwell,
Mannum-Adelaide and Murray Bridge-Onkaparinga pipeline systems in
any year, it must:

(a) record the volume of water so delivered for that purpose in that
year; and

(b) account for that volume against the long-term average annual
diversion referred to in paragraph 6(1)(d), when monitoring and
reporting to the Commission under clause 11.

Long-term diversion cap for Queensland

7. (1) The Government of Queensland must ensure that diversions from each
designated river valley in Queensland do not exceed such long-term
diversion caps as may be fixed by the Ministerial Council on the
recommendation of the Commission.

(2) Until December 2002 –

(a) a long-term diversion cap fixed under sub-clause 7(1) may be
expressed in terms of a long-term pattern of flow to be maintained
at the end of a designated river valley; and

(b) if the long-term diversion cap is so expressed, in order to determine
whether the cap has been complied with in Queensland:

(i) the expressions “diversion” or “diversions” occurring in
clauses 9-17 must be read as if they referred to “end-of-
valley flow” or “end-of-valley flows” respectively; and

(ii) the expression “credit” in paragraph 11(8)(b) must be read
as if it referred to “debit”; and

(iii) the expression “debit” in paragraph 11(8)(c) must be read as
if it referred to “credit”.

(3) On or before 30 June 2000, the Government of Queensland will prepare
and publish water management plans and water allocation management
plans for all river valleys in Queensland.

(4) After considering the plans referred to in sub-clause 7(3), the Commission
must make the recommendations referred to in sub-clause 7(1).
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Power of Ministerial Council to alter long-term diversion caps

8. A long-term diversion cap referred to in clause 4, 5, 6 or 7 from time to time:

(a) must be altered by the Commission, to reflect the result of trading water
entitlements within a State or between States; and

(b) may be altered by the Ministerial Council, on the recommendation of the
Commission, for any other reason.

Developing Analytical Models

9. (1) The Commission must develop analytical models for determining the
annual diversion targets for the upper River Murray.

(2) Subject to sub-clause 9(1), the Governments of New South Wales, Victoria
and Queensland must each develop analytical models for determining the
annual diversion target for each designated river valley within the territory
of that State.

(3) The Government of South Australia must develop analytical models for
determining the annual diversion target for diversions referred to in
paragraph 6(1)(d).

(4) An analytical model developed under this clause:

(a) must simulate the long-term diversion cap in the relevant
designated river valley; and

(b) must be tested against relevant historical data to determine the
accuracy of the model in estimating the annual diversion; and

(c) must be approved by the Commission before it is used to determine
an annual diversion target under this Schedule; and

(d) may, from time to time, be modified in such ways as the
Commission may approve; and

(e) must be used to determine the average annual diversion under the
conditions of the relevant long-term diversion cap determined under
clause 4, 5, 6 or 7 for either:

(i) the period between the start of the 1891 water year and the
end of the 1997 water year; or

(ii) such a lesser period as may be approved by the
Commission.

(5) The Commission may only approve an analytical model or a modification
to an analytical model if the Commission considers that the model, when
approved or modified, will fairly determine the relevant annual diversion
target given the climatic conditions experienced in any year.
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Calculation of annual diversion targets

10. (1) Within two months after the end of the relevant water year and using the
analytical models developed and approved under clause 9:

(a) the Commission must calculate the annual diversion targets for
New South Wales and Victoria for that year for the upper River
Murray; and

(b) subject to paragraph (a), the Governments of New South Wales,
Victoria, South Australia and Queensland must, for each
designated river valley within the territory of that State, calculate
the annual diversion target for that year.

(2) The Commission must promptly inform the Governments of New South
Wales and Victoria of the results of every calculation made under
paragraph 10(1)(a) with respect to the upper River Murray.

(3) The Government of New South Wales, Victoria, South Australia and
Queensland, respectively, must each promptly inform the Commission of
the results of every calculation made by it under paragraph 10(1)(b).

Monitoring and Reporting

11. (1) Each State Contracting Government must, for each water year and in
relation to each river valley specified in Schedule 2 within its territory,
monitor and report to the Commission upon:

(a) diversions made within and to; and

(b) water entitlements, announced allocations of water and
declarations which permit the use of unregulated flows of water
within; and

(c) trading of water entitlements within, to or from

the territory of that State in that water year.

(2) Each State Contracting Government must, for each water year and in
relation to each designated river valley within its territory, monitor and
report to the Commission upon:

(a) the compliance by that State with each relevant annual diversion
target calculated under this Schedule for that water year; and

(b) such actions which the State proposes to take to ensure that it does
not exceed the annual diversion targets calculated under this
Schedule for every ensuing water year.

(3) For the purpose of sub-clauses 11(1) and (2) the expression "river valley
within its territory" in relation to Victoria, includes that portion of the upper
River Murray forming the border between Victoria and New South Wales.
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(4) A report under sub-clause 11(1) or (2) must be given to the Commission
within two months of the end of each relevant water year or by such other
time as the Commission may determine.

(5) On the basis of the calculations referred to in sub-clause 10(1) and reports
given to it under sub-clauses 11(1) and (2) the Commission:

(a) must, in relation to each State Contracting Government, produce
a water audit monitoring report which includes information about
that Government's compliance with the annual diversion target
calculated for each designated river valley in the territory of that
State and for the whole of the State in the relevant water year; and

(b) may publish any such report, or a summary thereof, in such manner
as it may determine.

(6) A water audit monitoring report under sub-clause 11(4) must be produced
by 31 December following the conclusion of each relevant water year, or
by such other time as the Commission may determine.

(7) The Commission must maintain a Register which records:

(a) for each designated river valley; and

(b) for each State,

the cumulative difference between actual annual diversions and the
annual diversion targets calculated under this Schedule.

(8) The Register must: 

(a) include information about every water year concluding after:

(i) 1 November 1997 for each State other than Queensland;
and

(ii) for Queensland, a date determined by the Ministerial Council
when it fixes long-term diversion caps under sub-clause
7(1); and

(b) if cumulative actual diversions for any designated river valley or for
any State are less than the cumulative annual diversion targets
calculated under this Schedule, as the case requires, record the
difference as a credit; and

(c) if cumulative actual diversions for any designated river valley or for
any State are greater than the cumulative annual diversion targets
calculated under this Schedule, as the case requires, record the
difference as a debit.
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(9) The Commission must include a report on the operation of this Schedule
in any report made to the Ministerial Council under clause 84 of the
Agreement.

Appointment of Independent Audit Group

12. The Commission must appoint an Independent Audit Group for the purpose of
this Schedule.

Annual audit by the Independent Audit Group

13. (1) The Independent Audit Group must, until 31 December 2004, annually
audit the performance of each State Contracting Government in
implementing the long-term diversion cap in each water year which
concludes on or between 1 June 1999 and 1 November 2004.

(2) The Commission may direct the Independent Audit Group to audit the
performance of any State Contracting Government in implementing the
long-term diversion cap in any water year concluding after 1 November
2004.

(4) The Independent Audit Group must report to the Commission on any
audit conducted under this clause.

Power to require a special audit of a designated river valley

14. If, after receiving a report from a State Contracting Government under sub-
clause 11(2) for any year, the Commission calculates that either:
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(a) the diversion for water supply to Metropolitan Adelaide and associated country
areas over the last five years has exceeded 650 GL; or

(b) the cumulative debit recorded in the Register exceeds 20 % of the average
annual diversion determined under paragraph 9(4)(e) for a particular
designated river valley within that State,

the Commission must direct the Independent Audit Group to conduct a special
audit of the performance of that State Contracting Government in implementing
the long-term diversion cap in the relevant designated river valley.

Special audit by Independent Audit Group

15. (1) In conducting a special audit under clause 14, the Independent Audit
Group must consider:

(a) data on diversions and annual diversion targets recorded on the
Register; and

(b) data submitted by the relevant State Contracting Government,
including, for example, data about areas under irrigation, storage
capacities, crop production, irrigation technology and the
conjunctive use of groundwater in the designated river valley; and

(c) the impact that policies implemented by the State Contracting
Government may have on the expected pattern of annual
diversions; and

(d) whether the diversion for all years on the Register exceeds the
diversion expected under the long-term diversion cap for those
years, and

(e) any other matter which the Independent Audit Group considers
relevant.

(2) The Independent Audit Group must:

(a) determine whether the long-term diversion cap has been exceeded
in the designated river valley; and

(b) report to the Commission on the special audit and advise the
Commission of its determination within six months after a direction
given under clause 14.
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Declaration that diversion cap has been exceeded

16. If the Commission receives a report under sub-clause 15(2) which determines
that a State has exceeded the long-term diversion cap in a designated river
valley, the Commission must:

(a) forthwith declare that the State has exceeded the Murray-Darling Basin
diversion cap; and

(b) report the matter to the next meeting of the Ministerial Council.

Advice to Ministerial Council on remedial actions

17. (1) The Government of a State referred to in sub-clause 16(a) must report to
the next Ministerial Council after a declaration is made under that sub-
clause, setting out:

(a) the reasons why diversions exceeded the Murray-Darling Basin
diversion cap; and

(b) action taken, or proposed to be taken by it to ensure that
cumulative diversions recorded in the Register are brought back
into balance with the cap; and

(c) the period within the relevant model referred to in clause 9 predicts
that the cumulative diversions recorded in the Register will be
brought back into balance with the cap. 

(2) The Government of a State that has been required to report to the
Ministerial Council under sub-clause 17(1) must report to each subsequent
meeting of the Ministerial Council on action taken, or proposed to be taken
by it to ensure that cumulative diversions recorded in the Register are
brought back into balance with the cap, until the Commission revokes a
declaration pursuant to sub-clause 17(3).

(3) When the Commission is satisfied that a State in respect of which a
declaration has been made under paragraph 16(a) has brought the
cumulative diversions recorded in the Register back into balance with the
cap and is once more complying with the Murray-Darling Basin diversion
cap in all respects, it must:

(a) revoke the declaration; and

(b) report that fact to the next meeting of the Ministerial Council.



Audit of MDBC Cap Model — Lachlan River Valley A11 Bewsher Consulting Pty Ltd
Final Report  —  August 2002 J1039R_3.doc

Schedule 1

Designated River Valleys

1. New South Wales

The New South Wales portion of the Border Rivers.

The New South Wales portion of the following river valleys

Moonie, Big Warrambool, the Culgoa/Birrie/Bokhara/Narran water supply
system, Warrego, Paroo.

Gwydir.

Namoi.

The Macquarie/Castlereagh/Bogan water supply system.

The Barwon/Upper Darling water supply system and the Lower Darling from the
furthest upstream reach of the Menindee Lakes to the furthest upstream reach
of the Wentworth Weir Pool.

Lachlan.

Murrumbidgee.

The New South Wales portion of the Murray Valley including the portion of the
Lower Darling influenced by the Wentworth Weir Pool.

2. Queensland

The Condamine/Balonne water supply system.

The portion of the Border Rivers in Queensland.

The portion of the Moonie in Queensland.

The portion of the Warrego in Queensland.

The portion of the Paroo in Queensland.

3. Victoria

The Goulburn/Broken/Loddon water supply system.

Campaspe

The Wimmera/Mallee water supply system.

The Victorian portion of the Murray Valley including the Kiewa and Ovens.
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4. South Australia

The pumps on the Murray within South Australia used to supply Metropolitan
Adelaide and associated country areas.

Lower Murray Swamps irrigation.

Country Towns water use.

All other uses of water from the Murray within South Australia.

5. In this Schedule, "Border Rivers" has the same meaning as in the Border Rivers
Agreement between New South Wales and Queensland.
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Schedule 2

River Valleys

1. New South Wales

The portion of the Border Rivers in New South Wales.

The portion of the Moonie in New South Wales.

The portion of the Big Warrambool in New South Wales.

The portion of the Culgoa/Birrie/Bokhara/Narran water supply system in New
South Wales.

The portion of the Warrego in New South Wales.

The portion of the Paroo in New South Wales.

Gwydir.

Namoi.

The Macquarie/Castlereagh/Bogan water supply system.

The Barwon/Upper Darling water supply system.

Lower Darling from the furthest upstream reach of the Menindee Lakes to the
furthest upstream reach of the Wentworth Weir Pool.

Lachlan.

Murrumbidgee.

The New South Wales portion of the Murray Valley including the portion of the
Lower Darling influenced by the Wentworth Weir Pool.

2. Queensland

The Condamine/Balonne water supply system.

The portion of the Border Rivers in Queensland.

The portion of the Moonie in Queensland.

The portion of the Warrego in Queensland.

The portion of the Paroo in Queensland.
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3. Victoria

Kiewa.

Ovens.

Goulburn.

Broken.

Campaspe.

Loddon.

Wimmera/Mallee

The Victorian portion of the Murray Valley.

4. South Australia

The pumps on the Murray within South Australia used to supply Metropolitan
Adelaide and associated country areas.

Lower Murray Swamps irrigation.

Country Towns water use.

All other uses of water from the Murray within South Australia.

5. In this Schedule, "Border Rivers" has the same meaning as in the Border Rivers
Agreement between New South Wales and Queensland.

.
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APPENDIX B

CONFLICT OF INTEREST — DECLARATION

(This has been provided separately to the MDBC Office)
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APPENDIX C

EXTRACT FROM MDBC’S “REGISTER OF DIVERSION
DEFINITIONS IN THE MURRAY-DARLING BASIN”

EDITION 1 — AUGUST 2001
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The MDBC’s Register of Diversions Definitions defines how water diversions from the
river system of the Murray-Darling Basin are to be determined and reported for the
purposes of the Cap on diversions.

This appendix contains a copy of the relevant details for the Lachlan valley from MDBC’s
register.  (See pages C2–C5).

The Register provides the practical definitions of diversions for each of the designated
river valleys defined under Schedule 1 of Schedule F of the Murray-Darling Basin
Agreement. 

The definitions are to be used:

4 in determining the volume of water diverted in the relevant valley in any given
water year (for current, future and for historical diversion records); and

4 in the estimation of diversions in computer simulation models of river systems that
have been developed to determine Cap compliance.

In preparing the Register, it was envisaged that the MDBC will change the diversion
definitions from time to time as it becomes practical or important to monitor certain items
in more detail. For example, in several instances throughout the Register, system returns
(return of water diverted back to the river system) have not been explicitly identified. 
System returns not already included may be in future editions of this Register as the
MDBC identifies them as being significant. 

The details included here are only for the Lachlan Valley and relate to Edition 1 of the
Register prepared in August 2001.  In May 2002, this was the latest version of the
Register.

The Register also contains a description of the infrastructure supporting all transfers of
water in and/or out of the Murray-Darling Basin.  In respect of the Lachlan Valley, there
is no such infrastructure.

During the progress of the current audit, some minor discrepancies between the Register
and the manner in which the DLWC report diversions were identified.  These are
described in the email correspondence in Appendix D.
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DETAILS FOR THE LACHLAN VALLEY (SECTION 2.7 OF REGISTER)

Water year: July to June

Total Diversions = Σ (Regulated Irrigation, Stock, Domestic and
Miscellaneous Licences + Unregulated Irrigation
Licences + Town & Industrial Supplies)

Where:

Diversion Components

Regulated
Irrigation, Stock,
Domestic and
Miscellaneous
Licences

= The sum of all regulated licensed diversions in the Lachlan
and Belubula River Valleys, officially recorded in the DLWC
database systems.

NB:  1) Regulated diversions not metered (<10 ML) are
assumed to utilise total licensed entitlement; and 2)
Excludes diversions from Willandra Creek.

Unregulated
Irrigation Licences

= The sum of all unregulated irrigation licensed diversions in
the Lachlan and Belubula River Valleys.  Unregulated
irrigation diversions are estimated based on metered
information (where available) and surveyed information, as
officially recorded in the DLWC database systems.

Town & Industrial
Supplies

= The sum of all metered licensed diversions for Town &
Industrial Supplies in the Lachlan and Belubula River
Valleys, as officially recorded in the DLWC database
systems.



Audit of MDBC Cap Model — Lachlan River Valley C3 Bewsher Consulting Pty Ltd
Final Report  —  August 2002 J1039R_3.doc

GLOSSARY

ACTEW Australian Capital Territory Electricity & Water Corporation Ltd

Anabranch A diverging branch of a river which re-enters the main stream

Announced allocation The percentage of water entitlement declared available for
diversion from a regulated water course in a season

annual allocation The annual volume of water available for diversion from a
regulated water course by an entitlement holder

Authorised use Total of the water allocated in the valley plus off-allocation and
water harvesting use plus unregulated stream use not in
allocation and system losses not in allocation

BC Bulk Carriers database operated by Goulburn-Murray Rural
Water Authority

bulk entitlement (BE) A perpetual entitlement to water granted to water authorities by
the Crown of Victoria under the Water Act 1989

CIB Customer Information and Billing database operated by
Goulburn-Murray Rural Water Authority

Conjunctive domestic
and stock diversions

The domestic and stock diversion component of a regulated
irrigation license

Diversion the movement of water from a river system by mans of pumping
or gravity channels

Diversion licence specified licences issued for a specified annual volume of water
and diversion rate

DLWC NSW Department of Land and Water Conservation

DNRM QLD Department of Natural Resources and Mines

DNRE VIC Department of Natural Resources and Environment

DWR Department of Water Resources, South Australia

end-of-valley flows The flow regime at the end of a valley

FMIT First Mildura Irrigation Trust

GMW Goulburn-Murray Rural Water Authority

GR Grid Reference

Gravity districts districts which use gravity to divert the flow of water from the river

high security entitlement An entitlement which does not vary from year to year and is
expected to be available in all but the worst droughts

IAG Independent Audit Group

INGRES Water Licensing System operated by Department of Water
Resources (DWR), South Australia

Irrigation Supplying land or crop with water by means of streams, channels
or pipes

LAS Licensing Administration System operated by Department of
Land and Water Conservation (DLWC), NSW
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GLOSSARY

MDBC Murray-Darling Basin Commission

MDBMC Murray-Darling Basin Ministerial Council

Private diverters Licensed to operate privately owned water pumps or diversion
channels; includes river pumpers and diverters as well as town
water supplies

Regulated diversions Diversions from a regulated stream or waterway

Regulated
streams/waterways

Streams and waterways where users are supplied by releases
from a storage.  A water licence for a regulated stream or
waterway specifies a base water entitlement defining the licence
holder’s share of the resources from a water course

SA Water South Australia Water Corporation

SPM System Planning Module operated by Goulburn-Murray Rural
Water Authority (GMW) (replaced BC database)

Sunraysia Sunraysia Rural Water Authority

UBE Urban Bulk Entitlement

Unregulated diversions Diversions from unregulated streams

Unregulated
streams/waterways

Streams and waterways that are not controlled or regulated by
releases from major storages

Utilisation The amount of water available for diversion that is actually
diverted

WAMP Water Allocation Management Planning.  It is a process currently
under way in Queensland to enable the acceptable level of
allocatable water to b determined for a river system.  This
methodology will determine what part of the flow regime should
be preserved for environmental flows, and what part can be made
available for consumptive use

Water entitlement The legal right of a user to access a specified amount of water in
a given period

Water harvesting Diversion of water from a stream during periods when the flow
exceeds other water use requirements

WERD Water Entitlements Registration database operated by QLD
Department of Natural Resources and Mines

WMW Wimmera-Mallee Rural Water Corporation
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WATER TRANSFER INFRASTRUCTURE IN AND/OR OUT OF THE
MURRAY-DARLING BASIN

TABLE C1.  SUMMARY OF INTER-BASIN WATER TRANSFER
INFRASTRUCTURE

Diversion Scheme Location Transfer Direction

Tantangara Reservoir to Lake
Eucumbene

NSW Out of the MDB

Tumut Pond Reservoir ⇔ Lake
Eucumbene

NSW In & Out of the MDB

Lake Jindabyne to Geehi
Reservoir

NSW Into the MDB

Fish River Scheme to Lithgow,
Blue Mountains

NSW Out of the MDB

Moora Moora Reservoir to
Brimpaen/Laharum

Victoria Into the MDB

Lake Fyans to Ararat City Victoria Out of the MDB

Mt. Cole Reservoir to Ararat City Victoria Out of the MDB

First & Second Wannon Creeks
to Lake Bellfield

Victoria Into the MDB

Toolondo Reservoir to Lake
Taylor

Victoria Into the MDB

Silver & Wallaby Creeks to Yan
Yean Reservoir

Victoria Out of the MDB

Newlyn Reservoir to Bacchus
Marsh

Victoria Out of the MDB

Coghills Creek to Lake
Learmonth

Victoria Out of the MDB

Campaspe Reservoir to
Woodend

Victoria Out of the MDB

Morgan to Whyalla South Australia Out of the MDB

Swan Reach to Stockwell South Australia Out of the MDB

Mannum to Metropolitan
Adelaide

South Australia Out of the MDB

Murray Bridge to Onkaparinga South Australia Out of the MDB

Tailem Bend to Keith South Australia Out of the MDB

Perseverance Creek Dam to
Toowoomba

Queensland Into the MDB
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APPENDIX D

CLARIFICATION OF
SMALL ENTITLEMENT LICENCES

TO BE INCLUDED IN
MDBC’s REGISTER OF DIVERSIONS
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Drew
From: Paul Simpson [psimpson@dlwc.nsw.gov.au]
Sent: Wednesday, 6 March 2002 3:29 PM
To: drew@bewsher.com.au
Subject: Lachlan Information

ATT00000.html

Drew,

Following our previous discussions, here is some information on some of the questions you have asked:

1) The “Register of Diversion Definitions in the Murray-Darling Basin” document indicated that
licences with < 10 ML of entitlement were not metered and were assumed to use all their
enititlement each year. It would appear that this has actually been applied, in general, across the
state (including the Lachlan) for all licences with < 20 ML of entitlement.

The total entitlement for licences of less than or equal to 10 ML is 0.6 GL. This increases to 1.6
GL for all licences less than or equal to 20 ML.

It would also appear that the usage has not been assumed to be the full entitlement, as stated in
the Register, but have been assumed to be zero, unless an assessment has been made by field
staff to the contrary.

In general, I do not expect this issue to make a significant difference to the accuracy of modelled
diversions or reported diversions.

I believe we will seek to have the Register amended accordingly.

2) The “Register of Diversion Definitions in the Murray-Darling Basin” document indicated that
diversions from Wiilandra Creek are not included. However, diversions from Willandra Creek
above the Willandra Homestead flow gauge are metered and included in diversion totals.
Diversions in this upper section are also included in the Lachlan IQQM.

I believe we will seek to have the Register amended accordingly.

3) I have not had time to track down an example of an operational audit as yet, but will forward one
when I can.

Regards

Paul Simpson
Senior Natural Resource Officer
Natural Resource Products Division
Department of Land & Water Conservation
Ph.   9228 6214
Fax  9228 6211
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APPENDIX E

SUMMARY OF KEY 1993/94
INFRASTRUCTURE AND MANAGEMENT RULES

INCLUDED WITHIN THE LACHLAN IQQM

Reproduced from Appendix E of Lachlan Cap Report (DLWC, 2001)
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ITEMS DESCRIPTION COMMENTS

GENERAL
Simulation Period 1 July 1898 to 30 June 2000
CATCHMENT
INFORMATION
Storages modelled Carcoar, Wyangala, Lake Cargelligo, Lake

Brewster and Brewster Weir
Storage Volumes
(ML)
Wyangala
Carcoar
Lake Cargelligo
Lake Brewster
Brewster Weir

Dead Storage Capacity

1000 1217,000
200 36,000

17,000 60,000
18,000 155,000

0 5,500
FLOW INFORMATION
Storage Inflows
(GL/yr)

Wyangala:  784 GL
Carcoar:       18 GL
Lake Cargelligo: Filled using surplus flow and
kept at 23 GL in dry year by ordering water
from Wyangala
Lake Brewster: Filled using surplus flows

Average over simulation
period

Lateral inflows
(GL/yr)

Lachlan River 530 GL(1)

Belubula River 217 GL(1)

(1)Tributaries and
ungauged residuals

IRRIGATION
INFORMATION
General Security (GS)
licence volume
(GL)

Lachlan 619
Belubula  24

Total 643

High Security (HS)
licence volume
(GL)

Lachlan 23
Belubula   1
Total 24

Maximum irrigable area
(Ha)

Lachlan 78,710
Belubula   1,890
Total 80,600

On-farm storage
capacity
(GL)

Nil

Pump capacity
(ML/d)

33 GL

Active licence factor
(%)

Lachlan: Fully developed (2)

Belubula: 40% developed (3)

(2)Assumed that water
trading will utilise all the
sleeper licenses (re-
distribution of licenses).

(3)No re-distribution of
licenses in Belubula.

Irrigators’ carry over
(%)

Nil

On-farm storage
operation

Flood plain harvesting Nil
End-of-year diversions Nil

.

Average crop mix
(%)

See Table 4.1 of Lachlan Cap Report



Audit of MDBC Cap Model — Lachlan River Valley E3 Bewsher Consulting Pty Ltd
Final Report  —  August 2002 J1039R_3.doc

ITEMS DESCRIPTION COMMENTS

OTHER EXTRACTIONS
Town water supply
(ML/yr)

Cowra 4,200

Forbes 4,100

Condobolin 1,200

Willandra 200

Hillston 200

Booligal 100

TOTAL 10,000

Modelled as fixed pattern
of monthly usage each
year

Stock & domestic
(ML/yr)

Belubula 200

Booberoi-Cargelligo 1,500

Cargelligo-Brewster 960

Willandra-Hillston 2,670

Hillston-Booligal 4,000

TOTAL 9,330

Modelled as fixed pattern
of monthly usage each
year

Industrial / mining
(ML/yr)

Not modelled

Groundwater access
(ML/yr)

Not modelled

RESOURCE
ASSESSMENT
Storage Reserve
(GL)

Wyangala 201

Carcoar 8

Max. @ start of water year

Transmission /
operation loss
(GL)

Wyangala 194

Carcoar 6

TOTAL 200

@ 100% allocation

Minimum storage
inflows
(ML)

Wyangala 38,400
Carcoar 1,600

Max. @ start of water year

Minimum tributary
inflows
(ML)

d/s Wyangala tribs. 12,750

d/s Carcoar tribs. 1,966

Max. @ start of water year

System development
factor
(%)

Lachlan River: Fully developed(4)

Belubula River: 40% developed

(4)All sleepers traded only
in Lachlan

Maximum allocation
(%)

120

RIVER AND STORAGE
OPERATING RULES
Transfer rules
(Lake Cargelligo and
Lake Brewster)

Drawdown Lake Brewster to 29 GL first and
then send order through Brewster Weir

Tributary recession
factors
(%)

Wyangala orders: Borrowa R 100
Belubula R 100
Back Ck   50

Carcoar orders: Combing Ck   30
Flyers Ck   30

Over order allowances
(%)

All reaches 0

Off-allocation Cap
(GL/yr)

Nil
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ITEMS DESCRIPTION COMMENTS

SURPLUS FLOW
ACCESS
Off-allocation thresholds See Table B.6 of Lachlan Cap Report
RIVER FLOW
REQUIREMENTS
Minimum flow
requirements
(ML/d)

D/s Wyangala     70
Belubula @ Bangaroo     10
d/s Cargelligo     15
d/s Brewster Weir     20
Lachlan @ Booligal   160
Hillston Oct-Mar  200

Apr   400
Wetlands
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APPENDIX F

DLWC RESPONSE TO “REQUEST FOR DATA”
THAT WAS RECEIVED ON 4 OCTOBER 2001

PRIOR TO COMMENCEMENT OF AUDIT
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INDEPENDENT AUDIT OF COMPLETED CAP MODELS
REQUEST FOR DATA

The following data is requested for the audit.  Please respond to each item directly or
provide a reference to separate documents (and enclose these documents with your
response).

1. BACKGROUND INFORMATION

a) Name of Designated River Valley (Lachlan)

b) River systems included.  The Lachlan IQQM covers Bellubula River and
Lachlan River, unregulated tribs and effluents of the regulated system (See
Section 2.1 of “ Final Lachlan Cap Report Aug 2001.doc” that has been
provided. All references are to this report unless otherwise stated).

c) Map of existing infrastructure.  A Map of existing infrastructure can be viewed
in the GUI version of IQQM or in the Cap calibration report (Section 2 and
Appendix A)) Please include:

(i) River systems
(ii) Irrigation areas, regions, major towns, boundaries of areas

relevant to water management
(iii) All diversions listed in the MDBC register of diversions.  Show

location, name and type.  Where not all diversions are shown on
map, please provide separate list of the unmapped diversions.

(iv) Major infrastructure including major channels, weirs, storages, off
river storages, which are relevant to understanding of modelling.

d) Map of model.  A Schematic of the model can be viewed in the GUI version
of IQQM, and a hardcopy version has also been provided.  Please provide
at same scale/coverage as existing infrastructure map and include:
(i) Location of all model demands and infrastructure included in model.

 Please use same/similar labels as per model output. 
(ii) Please ensure there is a clear correlation between the model

diversions and the diversions in the MDBC register.  Where
differences exist, please explain.

(iii) Upstream and downstream limits of model
(iv) Locations of all tributary and climatic inputs.  (If location not on map,

please provide separate larger scale map).
(v) Where diffuse demands are modelled, please show extent and

describe in words
(vi) Locations of other model input or output, eg principal river stations, etc
(vii) Boundaries of any areas or other special locations relevant to

modelling
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e) Model schematic.  A Schematic of the model can be viewed in the GUI
version of IQQM, and a hardcopy version has also been provided.

f) Details of model contact person including
(i) Name. Tahir Hameed
(ii) Section/Branch/Unit. Surface and Groundwater Processes Unit
(iii) Organisation. DLWC
(iv) Address. Parramatta NSW
(v) Phone, Fax and Email. 02-895 7175

g) Broad description of the irrigation development, water use and water
management in the valley.

i) Water Year July to June
ii) what are the main types of crops grown in this valley over the past say 10

years?  See section 2.4.4
iii) changes and trends in cropping, markets, water use, water trading, etc

See section 2.4.4, 2.4.5
iv) who are the main water users in the valley.  See sections 2.4 to 2.8
v) general statistics on water use eg. maximum irrigable area, volume of on-

farm storages, licensed volume, typical range of water use etc.
See section 2.

vi) general policies, rules and legislative framework that affect water use eg.
bulk entitlements, environmental flows, end-of-system requirements,
allocation/sales announcements/assessments, water trading, carryovers,
underdraws and overdraws, annual/continuous accounting, etc.
See sections 2.9 to 2.12

2. INTERPRETATION OF 93/94 LEVELS OF DEVELOPMENT

a) Please provide a detailed description of what 1993/94 levels of development
mean for the Valley and how this has been interpreted for modelling.  As this
is a critical issue, it is important that it be clearly documented.
(Section 4 and Appendix B and C)

b) In addition, a precise description (and justification) of the model parameters
adopted to specify 1993/94 levels of development, is also required.
(Section 4 and Appendix B and C)

3. MODEL DOCUMENTATION

a) Name of model used, its origin and time step (DLWC Lachlan IQQM)
(Daily Time Step)

b) Type of model/language used   (Fortran 90)
c) User manual and general description of model and the assumptions on which

it is based.   (See section 1 of report plus attached user manual)
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d) Description of model and flow chart of model processes including file usage.
(See section 1 of report plus attached user manual)

e) Overview of the manner in which the model has been used to comply with
Schedule F.   In this regard refer to the terminology used in Table 1
(attached). (See section 3 and 4 of report)

f) Confirm that Cap, Target and Calibration models have been produced.  If
different terminology is used, please advise.   (See section 3 and 4 of report)

g) Describe these models further by providing brief descriptions in each box of
Table 2 and through the provision of additional information:   (See table 2)

h) In relation to the climatic inputs in Table 2, please describe the source of this
data and provide a report explaining the preparation of this data, including
procedures used for filling in gaps and synthesizing.
(See Section 3 and 4 of report plus IQQM user and reference manuals)

i) In relation to the tributary flows in Table 2, please describe the source of this
data and provide a report explaining the preparation of this data, including
procedures used for filling in gaps and synthesizing.   (See Section 3 and 4
of report plus IQQM user and reference manuals)

j) Please provide a Calibration and/or verification report.  It is envisaged that the
report will at least describe:   (Report Provided)

– why the particular calibration period was adopted in preference to
a longer or shorter period. adjustments made to the recorded data
for use during calibration including assumptions used to prepare
synthetic data if recorded information was not available

– what “forcing” of the model was carried out and why.   How was
such forcing carried out?

– any trend analysis carried out on diversions and why
– components of infrastructure and policy included to reflect 1993/94

levels of diversions
– assumptions regarding trading
– performance indicators used to evaluate the suitability of the

calibration;
        and will provide:

– calibration results including diversion, storages, end of system
flows, allocation/sales announcements, off allocation declarations,
etc

– time series plots of modelled and actual parameters
– comparison of the results including:

• a statistical analysis giving standard errors and the mean
difference

• a discussion of the reasons chosen for adoption of the
model parameters

• an explanation of anomalies.
k) If not already provided for above, please describe any sensitivity runs carried

out to test the robustness of model assumptions.  (Report Provided)
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4. REPLICATING PRINCIPAL MODEL RUNS ON AUDITOR’S COMPUTER
(Provided)

a) Please provide a directory listing of all files used for Cap, Target and
Calibration models

b) Provide input files and instructions to allow the Cap, Target and Calibration
models to be independently run.  (It is assumed that the model software and
data files will be separately installed and tested on the auditor’s PC by state
personnel during the site visit)

c) Provide copies of relevant output files produced by Cap, Target and
Calibration models, for verification with files produced on auditor’s PC.

d) Provide advice of any special software or hardware requirements needed to
run the model.  (A W98 450Mhz Pentium with 100MB of free space and a CD
drive will be provided unless otherwise advised).

e) Brief written instructions for fully uninstalling the software and deleting all data
files after completion of the audit, is also required, please.

5. DESCRIPTION OF POTENTIAL MODEL IMPROVEMENTS (Section 5 of
Report)

It is recognised that all models are only approximate representations of the ‘real world’
and as a result, various improvements are always possible although not necessarily
practical or appropriate (due to resource constraints, the accuracy of model input data,
etc).  Please describe such potential improvements for the Valley and indicate where
any are scheduled for inclusion in the model within the next two to five years.

Note: The audit will not commence until all the above information has been supplied and
a State approved model is available for auditing.
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TABLE 1:     —     TYPES OF MODEL USED TO COMPLY WITH SCHEDULE F  (as agreed at WAWG Meeting on 14 August 2001)

MODEL SIMULATION PERIOD WATER DEMANDS,
INFRASTRUCTURE AND
MANAGEMENT RULES

STARTING
STORAGE VALUES
AND OTHER INITIAL
CONDITIONS

CLIMATIC INPUTS TRIBUTARY INFLOWS

Cap Model
Used to determine the
long term diversion cap

From 1891/92 to
1997/98, or supposedly
a period starting earlier
and/or finishing later

As for the 1993/94 levels
of development, or other
conditions agreed with the
IAG/MDBC

Actual if available,
otherwise synthetic
data.

Recorded if available,
otherwise synthetic data.

Inflow data adjusted to
represent 93/94 levels of
development on the
tributary. Otherwise,
recorded or synthetic
data is used.

Target Model
Used to determine the
annual diversion targets

From July 1997 until the
current year

As for the Cap Model Recorded values as at
beginning of July 1997

Recorded values As for the Cap Model. 
Where data after the
end of the cap model is
required, this is derived
using procedures
identical to those for the
Cap Model.

Calibration Model
Used to calibrate model
parameters so that the
Cap Model replicates
1993/94 levels of
development

From1983/84 to
1993/94, or other period
if this better represents
1993/94 conditions. 

As for the Cap Model (or
varying with time where
established using a trend
analysis)

Recorded values Recorded values Recorded values

The term “model” is used to refer to:
4 software; and
4 all input data, ie:

– parameters specifying irrigation levels and management rules
– climatic data including rainfall, evaporation, etc
– tributary inflow data
– initial conditions at start of simulation

It is assumed that the same software is used for the Cap, Target and Calibration Models.
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TABLE 2:     —     SUMMARY DESCRIPTION OF MODELS USED TO COMPLY WITH SCHEDULE “F” FOR LACHLAN VALLEY

MODEL SIMULATION
PERIOD

WATER DEMANDS,
INFRASTRUCTURE
AND MANAGEMENT

RULES

STARTING STORAGE
VALUES AND OTHER
INITIAL CONDITIONS

CLIMATIC INPUTS TRIBUTARY INFLOWS

Cap Model
Used to determine the long
term diversion cap

1898 to 1999/00 (See Report Section 4) Consult Modeller See Report Section 4 (See Report Section 4)

Target Model
Used to determine the
annual diversion targets

1997/98 to 1999/00 (See Report Section 4) (See Report Section 4) (See Report Section 4) (See Report Section 4)

Calibration Model
Used to calibrate model
parameters so that the Cap
Model replicates 1993/94
levels of development

1983/84 to 1997/98 (See Report Section 3) (See Report Section 3) (See Report Section 3) (See Report Section 3)




