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S71(6) of the Water Resources Act 2007 (ACT), requires a
person must comply with a prohibition or restriction under
a notice under this section.

S71(1) (b) of the Water Resources Act 2007 (ACT) enables
the Minister to prohibit or restrict the taking of water in
circumstances where the taking of water may damage the
environment or for any other reason taking surface water or
groundwater may adversely affect the environment. Only
restrictions imposed (under this section) for environmental
purposes are PEW rules or arrangements.

S71 of the Water Resources Act 2007 (ACT)

When issuing licences under Part 5 of the Water Resources
Act 2007 (ACT), the Environment Protection Authority must
not issue the licence unless satisfied it is appropriate to
do so having regard to whether issuing the licence would
or may adversely affect the environmental flows for a
particular water or aquifer that are required under the EFGs,
or adversely affect the environment in any other way (see
s30(3) (b)). This is also the case in relation to the issuing
of a waterway work licence (see s44(2) (a)). Compliance
with this provision will help ensure the PEW rules and
arrangements will preserve PEW.

Issuing licences to take water

>> the sustainable diversion limit, established under
Schedule 4 of the Basin Plan.

>> the rules in the EFGs.

Consistent with s17(2) of the Water Resources Act 2007
(ACT), this Determination has been made taking account of:

Column 5 – Explanatory Note and/or reason for
response (does not contain text for accreditation )
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The ACT water trade register is also used to ensure that
resource condition limits are not exceeded and this in turn
provides a measure to address any impacts of the trade on
water availability in relation to a water access right held by
a third party.

S30(3)(b)(iii) of the Water Resources Act 2007 provides that
the Environment Protection Authority must not issue a
licence to take water if issuing the licence would or may
adversely affect the interests of other water users.
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d. The WRP requires that WAEs must have substantially
similar characteristics of timing, reliability and
volume in order to be traded. The Environment
Protection Authority has processes in place to
ensure that this requirement is met. Note that
this requirement is included, because the timing,
reliability and volume of WAEs can vary significantly
within sub water management areas depending on
their specific water source. For example, fractured
rock aquifer-based entitlements can have limited
reliability compared to nearby alluvial-based
groundwater or surface water entitlements. In other
words, s12.24 (c) (i) of the Basin Plan does not apply
and instead s12.24 (c) (ii) of the Basin Plan applies.

This register is also used to ensure resource
condition limits are not exceeded.

c. The Environment Protection Authority maintains the
ACT water trade register that records relevant details
(including volume, source [surface or groundwater]
and location) about water trades.

b. Sub water management area groundwater take limits
function as resource condition limits for the GS52
SDL unit. They operate by confining the impacts of
take on the resource to within acceptable limits. Thus
the WRP sets a condition that a trade must not result
in resource condition limits being exceeded.

Column 5 – Explanatory Note and/or reason for
response (does not contain text for accreditation )
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Appendix A (BP10.02, 10.03)
Description of Connected
Water Resources
Surface water connections
The ACT is entirely within the Upper Murrumbidgee
River catchment as shown in Figure 1 of this Appendix
A. The Upper Murrumbidgee covers an area of
13,000 km2, of which the ACT occupies 2400 km2, and
the remainder in NSW. The Murrumbidgee River rises
in the south-western part of the catchment. It flows
some 30 km before reaching Tantangara Dam, where
much of its flow is diverted to Lake Eucumbene, a
reservoir constructed as part of the Snowy Mountains
scheme. The river then flows unimpeded for 150 km to
discharge into Burrinjuck Dam to the north of the ACT.

The ACT surface water resources have significant
hydrological connections with the following Basin
water resources:
>> NSW Murrumbidgee surface water (SS15),
>> ACT Groundwater (GS52),
>> NSW Lachlan Fold Belt (GS20).
The water resources managed through the Snowy
Water Licence, issued under Part 5 of the Snowy Hydro
Corporatisation Act 1997 (NSW) are the only non-basin
water resources which have a significant hydrological
connection with ACT surface water.

Figure 1. ACT Sub Water Management Areas (Source: ACT Government)
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The Water Resources (Water management areas)
Determination 2019 (No 1) identifies the boundaries
of sub water management areas are based on
watersheds and extend into NSW. This map also
differentiates the NSW water resources which are
covered by the legislated paramount rights (as
described in the Canberra Water Supply (Googong
Dam) Act 1974 (Cth) (the Googong Dam Act) and
the Australian Capital Territory Water Management
Amendment Bill 2013. s2.8 of the Water Resources
(Environmental Flow Guidelines) states that there are
numerous surface water-groundwater connections
across the above-mentioned SDL resource units.

Groundwater connections
The ACT encompasses low-yield shallow and deep
fractured rock aquifers of metamorphic, igneous
and volcanic origin overlain in places by minor,
high-yield aquifers in superficial, unconsolidated
alluvium/colluvium. The ACT aquifers can be a
locally significant source of water, and are generally
considered hydraulically connected to ACT surface
water resources. Accordingly, within the ACT, surface
and groundwater is managed as a combined
water resource under the Water Resources (Water
management areas) Determination.
There is limited hydraulic connectivity between
the ACT surface/groundwater resources with
NSW groundwater resources. The fractured rock
groundwater system underlying the ACT is continuous
with the Lachlan Fold Belt resource unit into NSW.
Connectivity with fractured rock systems is localised
and hydraulic connectivity across the NSW/ACT border
is not considered to be significant.

Cross border management
arrangements
The Australian Capital Territory and New South
Wales – Memorandum of Understanding for Regional
Collaboration (ACT NSW MoU) is a formal mechanism
agreed to by first Ministers to help achieve a number of
cross border issues, including: to ‘integrate approaches
for sustainable management of the region’s natural
resources including catchment management’.
NSW and ACT are progressing cross-border catchment
management issues bilaterally especially through the
ACT and Region Catchment Management Coordination
Group which was established under Part 7A of the
Water Resources Act 2007.
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Snowy water resources
The water resources in the Snowy are hydrologically
connected with the ACT, however the Snowy license
requires that only around 27GL/year is released into
the Murrumbidgee River from Tantangara Dam. Prior
to the dam, it is estimated that about 250 GL flowed
downstream of the Tantangara Dam. Historically
this change is hydrologically significant to ACT water
resources, however the reduction does not impact on
the ACT’s ability to manage the quantity / quality of
Basin water resources.
Snowy Hydro Limited advise NSW of the abovementioned planned and actual environmental
watering releases from Tantangara Dam. NSW advise
the ACT accordingly.
As part of the Canberra’s water security arrangements,
the ACT water utility, Icon Water, and Snowy Hydro
Limited have an agreement to augment ACTs urban
water supply through releases from Tantangara Dam
which are then diverted from the Murrumbidgee River
via pump and pipeline system to Googong Dam. This
agreement was cancelled in 2018 but will take up to
three years to fully extinguish.

Appendix B2 – Details of
consultation/engagement
undertaken for the
ACT Surface Water and
Groundwater – Water
resource plans
The following table lists the consultation dates and
matters discussed with stakeholders and relevant
parties. Initial consultation commenced in 2014. The
consultation/engagement consisted of a variety of
meetings, forums and workshops. A number were
centred around particular aspects such as the concept
of a net sustainable diversion limit and its impact
on entitlements and the future population growth
of the ACT region and the development of revised
environmental flows guidelines.
The main community engagement occurred in mid2016 when the first draft water resource plan was
released including a media release from the Minister
for the Environment. This consisted of two community
workshops/seminars in Canberra and also a range of
material online and the opportunity for community
to respond online through the “Have your Say”/”Time
to Talk” response system on ACT Government
initiatives and policy proposals and as well as there
was social media communication. A summary
overview document and a brochure were prepared to
accompany the community engagement.
There was very little feedback from this general
community process.
Water planning and management in the ACT involves
considerable engagement with the ACT’s water utility,
ACTEW Water which became Icon Water during the
process for the development of the ACT’s water
resource plans. This consultation process aspect
also involved Queanbeyan Palerang Regional Council
(QPRC). Queanbeyan City area receives its water
supply from Icon Water under a bulk water supply
agreement with QPRC. The main aspects deal with
complying with a net sustainable diversion limit
over time, the modelling platform on which water
management is base and methods to deal with
planning for extreme events.
A number of meetings were held in the formative
stages with the Rural LandHolders Association (RLA)
on the impact of the sustainable diversion limit on
water entitlements and water availability under the
ACT’s water resources legislation. A particular concern
of the RLA was the need to ensure an adequate
volume of water for non-urban water for farming and
stock and domestic purposes.

The National Capital Authority, a Commonwealth
Government authority which is responsible for
managing Lake Burley Griffin was also consulted on
water management aspects such as the provision
of water entitlements for national land users (nonpotable water) and for water quality matters, and risk
assessment process. The ACT manages the water
entitlements and licences sourced from the Lake. The
Lake is part of the Molonglo River system.
The development of revised environmental flow
guidelines which is a major component of ACT
water resource planning and management involved
community consultation. Under ACT legislation
community consultation is a key requirement and
involves a consultation notice (with a consultation
period of 60 days) and a written report to the Minister
on the consultation process and outcomes. This
occurred in 2018 along with meetings with key
stakeholders such as Icon Water which is responsible
for the releases of environmental water from ACT’s
dams. The University of Canberra’s Centre for
Applied Ecology undertook the review of the 2013
environmental flow guidelines and the drafting of the
revised guidelines.
The risk assessment process involved a number of
workshops in the early development of the ACT’s water
resource plan. Consultation took place with a range of
ACT water experts who have considerable experience
in water knowledge of the ACT system particularly
with respect to water quality and water management.
Invitees included Rural Landholders Associations
representatives; ACT and Region Conservation
Council; Natural Resources Management Council;
Upper Murrumbidgee Catchment Coordinating
Committee; University of Canberra; and Australian
National University. Representatives from relevant ACT
Directorates also attended.
Compilation of risks from MDBA risk assessment
(Pollino et al, 2010), local reports, guidelines,
catchment management plans, etc.; and Consultation
with selected internal ACT Government and
external stakeholders.
Risks were compiled along the lines of, but slightly
modified from, the four categories in the Basin Plan (cl.
10.41 (2)):
1) Risks to the capacity to meet environmental
watering requirements in terms of quantity, quality
and the consequential risk of poor health of waterdependent ecosystems (cl10.41 (2a)) ; and risks
arising from potential interception activities (cl10.41
(2c));
2) Risks from elevated levels of salinity or other types
of water quality degradation (cl10.41 (2d));
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Appendix F – Information
for Part 9—Approaches
to addressing risks to
water resources
1.	INTRODUCTION

2.1

This appendix provides information relating to the
approaches to addressing risks to water resources
for the WRP area. This appendix should be read in
conjunction with Part 9 of the Surface Water and
Groundwater Indexes. This Appendix sets out:

Risks were determined by reference to:

>> the risk assessment methodology,
>> the data sources,

RISK IDENTIFICATION

>> Murray–Darling Basin risk assessment
(Pollino et al, 2010),
>> ACT instruments including policies,
strategies and guidelines,
>> Regional management plans,

>> the risk assessment results,

>> Scientific research and modelling, water
utility reports and modelling, and

>> provides information on the factors, controls
and strategies relating to the medium and high
risks, and

>> Consultation with internal and external
stakeholders including a panel with
scientific expertise.

>> how the WRP has had regard to the strategies
listed in Basin Plan s4.03(3).

2.2

2.	RISK ASSESSMENT
METHODOLOGY
In summary, the risk assessment methodology
consisted of the following steps:
>> Risk identification,
>> Risk analysis,
−− analysis of consequence level,
−− analysis of likelihood,
−− risk level defined by risk matrix using
consequence and likelihood, and
>> Management strategies identified and described
for medium and high risks.

2.2.1

Risk assessment
Note on future risks

It was assumed that a future risk is one where the
current level of risk is low, but there is the potential
for that risk to become material in the future. One
such risk was identified – risk 1.5 (critical human
water needs).

2.2.2

Analysis of consequence

The consequences of the identified risks were
determined by reference to:
>> Murray–Darling Basin risk assessment
(Pollino et al, 2010),
>> ACT instruments including policies, strategies
and guidelines,
>> Regional management plans,
>> Scientific research and modelling, water utility
reports and modelling, and
>> Consultation with internal and external
stakeholders including a panel with
scientific expertise.
The consequence level was assessed by identifying
potential impacts using the consequence criteria set
out in Table 1.
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Appendix I – Information used to
prepare water resource plan
The following describes the significant sources of
information used in the development of the WRP.

Information used by type:
Government
For Basin Plan s10.04: the Government Instruments
which constitute the ACT WRP, are listed in Part 2 Index
and a summary list is at the end of the References.

Scientific (excluding modelling below):
ACT Government (2015c) ACT Water Report 2012–14
– provides an annual summary of the ACT water
taken and traded, water quality, water research and
related community engagement. Provides data, is fit
for purpose, but not peer reviewed or audited. See
Chapter 12.
Groundwater reports: Evans, Croke and Schoettker
(2005) Sustainable Groundwater Yield Assessments,
for Environment ACT by iCam, ANU and Salient
Solutions, 13 reports. Provides assessments for the
sustainable groundwater yield for 13 ACT catchments,
is considered fit for purpose as it uses nationally
accepted methodologies, is the latest information,
however was not peer reviewed, endorsed or audited.
See Appendix A.
Environmental watering: Institute of Applied Ecology,
University of Canberra (up to 2015) ACT Water Quality
Monitoring Program – Macroinvertebrate component,
Autumn and Spring reports. Provides assessments
of the health of several ACT rivers impacted by
environmental watering, is considered fit for purpose
as it uses the national standard, AUSRIVAS (AUStralian
RIVer Assessment System), is the latest information,
and the effectiveness of the 2007 ACT environmental
flow guidelines, was peer reviewed by Hillman (2010).
See Chapter 8.
Water quality: ACT Water Report (2015c), described
above; Basin Priority Project (ACT govt, 2013f)
see Appendix G; Report on the state of the water
courses and catchments of Lake Burley Griffin and
commissioned reports (OCSE, 2012) developed with
the assistance of expert reference and advisory
groups; and Lake Tuggeranong water quality
assessment and management (Lawrence, 2012).
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Note: the issue of the TN:TP ratio target for the ACT is
discussed in: Lawrence et al (2000), OCSE (2012) and
Lawrence (2012) along with several other references
listed in those publications and has been supported by
the Institute of Applied Ecology and its predecessors.
See Chapter 9 and 9.4 specifically for TN:TP.
Climate change: Climate change is already factored
into the ACT’s urban water supply planning (ACTEW,
2007) utilising the CSIRO 2030 scenario (CSIRO, 2003
and 2007). NCCARF research (2013) describes the
expected Climate Change outcomes for the ACT and
adaption processes. This is also supported by CSIRO
and BoM (2015). See s15.7.1.
Extreme drought: See ss15.2 to 15.5.
See also References referred to in the relevant
WRP sections.

Modelling, Methods or
tools used:
Appendix A Calculating volumes for ACT water sharing
plan – procedure. For Basin Plan cl10.10: ACTEW Water
modelling Refer S5.3.
For BP cl10.13: method for dams and commercial
plantations see S7.2. For BP 10.15: Determination of
Actual Take see S7.2 and Appendix B. For BP 10.44:
Measuring Take – see Section 7.2 and Appendix B.
For BP 10.51: Measures in response to extreme events
– no new scientific information has been identified
which has suggested a change in the likelihood of an
extreme event, requiring the ACT water resources to
be managed differently.

Cultural (see MDBA PS 14A):
See Chapter 13, Appendix 4.1, Part 14 Table and
Package B Part 14. Risk Assessment methodology
(10.41, MDBA 2012a) refer S11.2. The methodology
used for determining the risks, was:
Compilation of risks from MDBA risk assessment
(Pollino et al, 2010), local reports, guidelines,
management plans, etc. (see References in Part 9
Index for each risk listed); and

Consultation with internal and external stakeholders
(described below):
An initial workshop was held with selected key
stakeholders* on 13 May 2014 to inform participants
of the requirements from the Basin Plan and to
review the list of risks compiled at that stage for the
ACT and to identify additional risks or aspects of the
identified risks. The outcomes of the workshop were
subsequently circulated on 22 May 2014.
ACT WRP draft version 1.2 was sent to the MDBA
for review on 7 June 2014. Written comments were
received on 7 July 2014.
An updated draft of the Risk chapter and Part 9 Index
were sent to the MDBA and the same selected key
stakeholders for comment. Written comments were
received 1/10/14.

Comments received from step 3 were incorporated
in the ACT WRP which was subsequently submitted
for accreditation.
*The selected key stakeholders comprised
representatives from Catchment management groups
(Conservation Council, UMCCC); Academia (UC, ANU);
Research organisations ; Utilities (Icon); water experts;
and from ACT Government (Health, TAMS, EDD, EPA
and CPR, NRM from EPD).
It should be noted that consultation was also
undertaken with other key stakeholders separately,
which included considerations of risks. These
included: NSW NOW and QCC; ACT Government SEWG;
RLA; Indigenous representatives; and community
consultation. See Schedule 4.1 for issues raised.

Appendix J – Extreme Events
1	Introduction
A WRP area can over time be subject to extreme events
such as a prolonged drought and major bushfires.
The ACT region is not immune to such extreme events
especially as demonstrated through the prevalence
and effect of climate variability.
Under the Basin Plan the WRP is required to describe
how the following events will be managed (10.51(1),
MDBA 2012a):
>> An extreme dry period (see 15.2 below),
>> A water quality event of an intensity, magnitude and
duration that is sufficient to render water acutely
toxic or unusable for established local uses and
values (see 15.3 below), and
>> Any type of event that has resulted in the
suspension of a statutory regional water plan
in the past 50 years (see 15.4 below).
If an event would compromise the meeting critical
human needs, the WRP must set out measures to
meet those needs during such an event (10.51(2),
MDBA 2012a). See 15.5 below.
If new scientific information suggests a change in
likelihood of an event (e.g. due to climate change
factors), consideration would be given as to whether
the water resources should be managed differently
(10.51(3), MDBA 2012a). For example, by changing
one or a combination of:
>> ministerial powers;
>> application of water restrictions;
>> demonstration of how the WRP will act under
extreme events;
>> alternative water management rules during
extreme events;
>> estimated volume of water to meet critical
human needs;
>> indicators used to assess event as extreme and
the level of action required;
>> circumstances of suspension of a WRP; and
>> the extent of temporary rules as per
legislative arrangements.
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Any change in water supply and water quality for
potable use would involve the ACT water utility,
Icon Water.
Information included in this chapter is provided at
a relatively high level in order to identify the extreme
events and likely strategies and actions. It is not
intended to provide specific advice on emergency
management plans.
The Part 13 table in the WRP Index and Tables
summarises how the ACT has addressed the relevant
Basin Plan clauses.

2	Extreme dry periods
The ACT is primarily an urban water user and has a
different basis for determining and allocating water
use and a relatively set water use pattern. In general
gross water use has tended to be relatively consistent
between 40 to 70 GL. For extreme dry periods,
temporary water restrictions can be implemented
under the Utilities (Water Conservation) Regulation
2006 and the WR Act. The latter provide for the
Minister to prohibit or restrict the taking of surface or
groundwater, for any reason when taking water may
adversely affect the environment (s.71 WR Act).
The ACT’s Environmental Flow Guidelines (3.2.6
and S5, DI2019-190) provide for different levels
of environmental flows for when temporary
water restrictions stage 1, 2 and above, are in
place for the urban water supply of Canberra and
hence Queanbeyan.
Icon Water manages the urban water supply
for Canberra, as well as the administration of the
Permanent Water Conservation Measures (PWCM),
and temporary water restrictions (TWR) which has a
number of stages depending on water availability and
a number of factors (see 5.3.1). Both are legislative
instruments under the Utilities (Water Conservation)
Regulation 2006.
In deciding the target for reduction in water
consumption to be achieved and thus which
stage of temporary restrictions should be in force,
Icon Water may have regard to:

>> dam storage levels;
>> the time of the year and likely future consumption
of water;
>> daily consumption levels in the immediately
preceding period;
>> daily consumption levels in corresponding periods
in previous years;
>> currently available weather forecasts and other
meteorological advice;
>> the desirability of reducing water usage on an
ongoing basis;
>> the desirability of avoiding excessive reliance on
only one of the ACT’s water catchments;
>> the possibility that, if restrictions do not sufficiently
reduce current water consumption, water available
for later supply may be of a quality that may cause
damage to property; and
>> any other relevant consideration.
PWCM apply at all times in the ACT except when
under certain legislative criteria (see factors listed
above) it becomes necessary to implement temporary
water restrictions. There are enforcement provisions
that apply to breaches of the temporary restriction
measures and PWCM.
Icon Water also provides the bulk water supply to
Queanbeyan, and under a service level agreement,
Queanbeyan, through the City Council, is required to
follow the equivalent temporary water restrictions and
PWCM applying in Canberra at that time.
The ACT EPA manages all licences through the Minister,
and is able to prohibit or restrict the taking of surface
water or groundwater in times of water scarcity (s.71
WR Act (ACT)).
Icon Water’s water strategy provides for the
diversification of water supply to cater for different
prevailing weather and climate conditions, and other
extreme events, such as a water quality event. This
diversity is reflected in the following:
>> Corin and Bendora Dams on the Cotter River along
western border of the ACT – reliable yields, excellent
water quality which can be gravity fed to Canberra.
Main source of water from the predominant weather
from the north-west.
>> Cotter Dam, at the downstream end of the Cotter
River, has a lower yield, poorer water quality and
needs to be pumped to Canberra.
>> Googong Dam on the Queanbeyan River in NSW, to
the east of the ACT – like Cotter Dam, has a lower
yield, poorer water quality and is required to be

pumped to Canberra. Relies on different rain events,
i.e. large storms from the coast, to fill the reservoir.
>> Murrumbidgee River pumping stations at Angle
Crossing (upstream end of the ACT) and at Cotter
Pump station – provides for water from the much
larger Murrumbidgee river catchment, most of
which is outside of the ACT. Yield is high, but water
quality is poorer and requires the most pumping.
In addition, there are a number of stormwater and
recycled water sources. The EPA manages the take
from urban lakes (see S5.3.1) and during periods of
temporary water restrictions, usually for stage 2 and
above, will consider allowing increased take. Icon
Water provides access to a filling point sourced from its
LMWQCC effluent. Both sources require trucking and
hence are expensive, but also impact on water in the
lakes and rivers downstream.
However, since the end of the Millennium drought,
the ACT’s water use has decreased significantly as
a result of not only water restrictions and general
community behavioural change, but also from a range
of other measures including water pricing and demand
management programs.
See also 15.5 Critical human water needs.

Maintaining environmental health during
extreme dry periods
Under Stage 2 drought conditions, environmental
releases from upstream storages on the Cotter
River (Corin and Bendora Dams) are reduced to a
minimum, in order to preserve potable water supplies
for the ACT. In order to most effectively utilise limited
water supplies for environmental outcomes in these
conditions, the following process is undertaken at the
declaration of stage 2 water restrictions.
1) If it has not already done so, the EPA will convene
the Environmental Flow Technical Advisory Group
(EFTAG) – see Column 5 of the Surface Water
Index Table for s10.28 of the Basin Plan for further
background on the role and composition of
the EFTAG.
2) The ACT Government, in consultation with the
EFTAG and other relevant stakeholders, will
implement an adaptive management framework for
environmental flows in water supply catchments.
3) The EFTAG will be directed to contribute to the
establishment of a flow regime, consistent with
the intent of the Environmental Flow Guidelines,
and any other relevant policies or legislation (e.g.
the Commonwealth Environmental Protection and
Biodiversity Conservation Act 1999 (which protects
the ecosystems in water supply catchments, and
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any threatened species found in those systems,
while also maintaining the security of supply for
critical human water needs.
4) The EFTAG will be given a remit to provide advice
regarding appropriate monitoring to inform the
efficacy of the flow regimes implemented within
an adaptive management framework.
The process is intended to maintain, as far as possible,
the ecosystem outcomes sought by the Environmental
Flow Guidelines are achieved and there is no decline
in ecosystem health, without compromising water
availability and security for human needs. By imposing
an obligation to actively manage environmental water
during these conditions, the ACT will maintain the
quality and effectiveness of PEW at the same level as
that prior to Basin Plan adoption, as required under
s10.28 of the Basin Plan

3

Water quality event

Water quality events which would fall under this
category include:
>> Blue-green algae outbreaks. These are already
experienced in the urban lakes and Googong.
Protocols exist for monitoring of blue-green algae,
and of bacteria from September-April due to
increased likelihood of primary contact activities,
in ACT lakes and rivers, and managing these events
through alert signage, proactive communication
(e.g. media releases, alerting sporting and
recreation groups), and closure of areas for primary
contact during high or extreme alert periods. These
protocols are set out in the ACT Guidelines for
Recreational Water Quality (ACT Govt, 2014).
>> Bushfire impacts. Protocols for managing water
quality issues, for example after bushfires, for the
urban water supply, are well developed in the ACT,
such as the ACT Strategic Bushfire Management
Plan 2019-2024, and the Lower Cotter Catchment
Reserve Management Plan 2018 (DI2018-20). . See
also Harrison et al (2014)2.
>> Spills of toxic chemicals or other contaminants.
As above.
These protocols have been reviewed and revised
following the 2003 bushfires and the Lake Burley Griffin
investigations (OCSE, 2012 and ACT Govt, 2013b).
There may be minor water quality events in the
provision of potable water by Icon Water but these

2
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are considered not significant and would only be a
temporary occurrence.
No other extreme water quality events have been
experienced or are considered greater than a low risk.

4	Suspension of the Water
Resource Plan
The Territory considers that all circumstances
should be covered by the WRP and hence the ACT
WRP would not be suspended. For example, in the
extreme events described above and below sections,
environmental watering would continue to reduce
and human consumption would be increasingly
restricted under temporary water restrictions.
For example, s15.5 discusses times of severe
drought and water restrictions. Only environmental
watering dam releases on the Cotter River could be
reduced further from the rules in DI2019-190. The
remaining rivers should have natural flows, except
downstream of urban ponds if they are not full due to
insufficient inflows.
In the event that urban water supplies decline to the
extent that there was insufficient water for health and
safety of the population, i.e. for critical human needs,
a state of emergency would be declared under the
Emergencies Act 2004 (ACT) and under s86A of the
Cwlth Water Act (2007).

5

Critical human
water needs

If an event would compromise the meeting of critical
human needs, the WRP must set out measures to meet
those needs during such an event (10.51(2), MDBA
2012a). Critical human needs under s86A of the Water
Act 2007 include the needs for a minimum amount of
water required to meet:
>> core consumption requirements in urban and rural
areas, and
>> those non-human consumption requirements that
a failure to meet would cause prohibitively high
social, economic or national security costs.
Ensuring the critical human water needs of the ACT,
the largest urban population and economy within the
Basin is essential.
The recent Millennium drought, when the ACT had
declining available water storage went very close to
banning all external watering under stage 4 temporary
water restrictions, clearly shows the importance of
planning for this event.

Given the ACT’s current pattern of water consumption,
the ACT’s water security infrastructure program,
outlined in S15.2, should avoid the need for stage 4
temporary water restrictions for at least a couple of
decades, unless unforeseen very extreme dry weather
persists. However, contingency planning, as required
for the communities along the Murray, is fundamental
good practice and prudent. The following sets out the
process if a prolonged extreme dry period prevailed.
The trigger point for critical human needs for the ACT
is considered to be the likelihood of entering stage
4 temporary water restrictions. The requirements
under stage 4 are significantly more severe than for
towns and communities along the Murray River, it is
considered reasonable based on the ACT’s current
low take of its available water resources. In the event
of a severe drought, the ACT’s water utility, Icon Water,
models various scenarios for the urban water supply.
Critical human needs could be triggered in the event
of there being a 50% chance of entering stage 4 in
the next 12 months. The Minister would then identify
that this was considered to be an extreme event for
the Territory.

already have done so under DI2019-190, assuming
inflows to the Googong reservoir were zero. The
reach affected would be from Googong Dam, through
Queanbeyan, to Lake Burley Griffin, about 20 km.
The ACT would also need to notify the MDBA when the
ACT considers that it is nearing the requirement for
critical human needs. This may require the activation
of the “Guideline for the triggers and processes for
changing water sharing Tiers” (MDBA, 2013b).

Beyond the access to water already purchased and
able to be stored and released from Tantangara Dam
(point 5 in 15.2), the only additional water source
available to the Territory for urban water supply, would
be to source releases from Tantangara Dam. For the
possibility of the Territory reaching the above trigger
point, it would be proposed that the shareholder of
the Snowy Hydro Limited (SHL), the Commonwealth
Government, amend the SHL licence to require SHL to
modify their operations to ensure that an additional
volume of water is retained within Tantangara Dam
for use when the ACT requires it based on accepted
criteria of circumstances of reduced supply and
inflows. The volume of water required is to be advised
by Icon, but is likely to be in the order of 10GL/yr, but
increasing as population increases. It should be noted
that as discussed in S4.7.1, Tantangara Dam diverts an
average of around 250GL/yr from flowing through the
ACT. Current operation of Tantangara Dam, diverts all
inflows directly into Lake Eucumbene, i.e. outside of
the Upper Murrumbidgee catchment and waterways.
Only 16GL is retained within Tantangara Dam.
Failing the successful implementation of the above,
and/or in conjunction with it, when an extreme event is
announced by the relevant ACT Minister, releases from
Cotter Dam would likely cease. Note this would only
significantly impact on the reaches of the Cotter and
Murrumbidgee Rivers from the Dam, to the confluence
with the Molonglo River, where LMWQCC effluent
would still be discharged to the river, a distance of
around 15 km. Similarly, releases from Googong Dam
would cease, although in all likelihood they would
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Appendix L – Proposal for
Adjustment of the ACT
Groundwater SDL
Proposal for Adjustment
of the ACT Groundwater SDL
for GS52
This proposal is for an adjustment to the ACT
groundwater SDL (for GS52) and is made in accordance
with s7.24 to 7.26 of the Basin Plan.
Specifically, the ACT is proposing an adjustment of
the SDL for GS52, from 3.16GL to 7.74GL. This is on
the basis of better information now available to the
MDBA, as described in the following report by Mr Ray
Evans, prepared February 2016 on behalf of the
ACT Government.

The Report
The ACT recognises the following: that the ACT is part
of the Lachlan Fold Belt hydrogeological province,
the majority of which lies in NSW. That it is comprised
of fractured rock aquifers that are termed local flow
systems in that they are generally defined by the
topography and drain to second and third order
streams. That there is very minimal inter-valley flow,
though some major lineaments can host deeper
groundwater circulation. That there are no deeper
aquifers underlying these local flow systems. And
that all recharge to the Lachlan Fold Belt aquifers will
discharge to surface water within a distance of 20 kms
or so from recharge.
However, the ACT considers that this similarity is
not a basis for restricting the determination of SDL
to the same level of analysis as the NSW system.
The similarity is not relevant when it comes to
understanding (and quantifying) the water balance,
when better information is available from the ACT.
The ACT has used the better information available
regarding both recharge rates and connectivity with
surface water (BP s7.26 1 a and b), undertaken the best
analysis and has shown that the proposed increase in
groundwater SDL is an environmentally sustainable
level of take (BP s7.24 2 a).
The issue of having to show that better information
has become available since the Basin Plan was
published, can in our opinion be met, because the

MDBA undertook an adjustment to the ACT SDL
estimated for the “Guide to the proposed Basin Plan”,
without fully considering the detailed knowledge,
assessments and monitoring of the ACT groundwater
system. Noting the relevant groundwater reports were
provided to the MDBA in 2015. The MDBA adjustment
to the draft ACT SDL with respect to the Lachlan Fold
Belt groundwater system was due to a number of
reasons, doesn’t apply to the ACT system and hence
should not have invalidated what was done before by
the MDBA and the ACT.
Note that under s7.25 (3) this proposal can only be
lodged as soon as possible after 30 June 2016. As the
ACT is expecting to submit our WRP for accreditation
in July 2016, early consideration of this proposal would
be appreciated, so that the outcome can be included
in the final ACT WRP.

ACT Groundwater
SDL Derivation
The following sets out a discussion of the Groundwater
Sustainable Diversion Limit (SDL) as set for the ACT
Water Resource Planning Area within the Basin Plan for
the Murray-Darling Basin. It highlights the approaches
undertaken by both the Murray-Darling Basin Authority
(MDBA) and the various ACT Government agencies
responsible for the development of successive Water
Resource Management Plans.
The conclusion is, that the method of groundwater
resource quantification and subsequent derivation of
a sustainable yield used by the ACT to date, is more
accurate than the method that has been applied by
the MDBA to the ACT. This represents knowledge not
used in the derivation of Basin Plan groundwater
SDL estimates for the ACT and that, if it had, it would
have changed the manner in which the MDBA would
have considered uncertainty and the impacts of
groundwater extraction.
The groundwater availability for use of 7.744 GL/y
(including water for future use) represents a robust and
reliable estimate that should be adopted as the SDL for
the ACT Groundwater WRP area. The rationale for this
recommendation is set out below.
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MDBA Approach
The groundwater SDL for the ACT WRP area as stated
in the Basin Plan evolved over time as the approaches
and methods changed, and as the preliminary
estimates were reviewed and independently assessed.
The evolution of the groundwater SDL estimate for the
ACT is reported from two main references – namely,
CSIRO and SKM study (2010) and the CSIRO and
SKM report (2011). Further information is taken from
MDBA (2012b).
Initially, the SDL was derived based on the estimation
of a recharge volume for the ACT area (using the
RRAM technique). This volume of recharge was
transformed by the application of a sustainability
factor (which itself may be composed of more
than one part), based on consideration of what are
termed the Environmentally Sustainable Level of
Take (ESLT) characteristics of a groundwater system.
These characteristics are the productive base of
the aquifer, groundwater quality values, baseflow to
streams and groundwater dependent ecosystems.
The sustainability factors were defined as the fraction
of the volume of recharge that could be diverted or
taken without compromising the ESLT characteristics
and were adopted based on consideration of a risk
framework for each groundwater system (or WRP
area). The higher the perceived risk to the groundwater
system, the lower the sustainability factors. As well,
the method also assessed the level of uncertainty
in the recharge estimate; the higher the level of
uncertainty the lower the sustainability factor. This
approach made an allowance for the potential margins
of error in the derivation of the extraction limit. The
choice of sustainability factor based on uncertainty
was itself correlated with risk; the higher the risk the
more the sustainability factor was reduced because
of uncertainty.
This resulted in reduced SDL volumes being derived
for groundwater systems at high risk and/or at high
uncertainty; this is consistent with the principles of
the Basin Plan and its broader policy approach
The volume of recharge available once the
sustainability factor had been applied was then
assessed within the framework of broader MDBA
policy, which included for groundwater the
consideration of ‘unassigned water’, connected
groundwater and surface water systems, nonrenewable groundwater resources and extraction
limits in groundwater plans current at the time.
In certain circumstances, these policies could
alter the derived recharge volume, both upwards
and downwards.
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Where current extraction or entitlement for a WRP area
was lower than the recharge volume derived by the
RRAM method (and after the application of suitable
sustainability factors as set out in the method), a
MDBA policy related to unassigned water was invoked.
These WRP areas became known unofficially as an
unassigned water WRP area. The ACT groundwater
WRP area was one such unit. In these circumstances,
a conservative factor was further applied to minimise
the future impacts of groundwater use on surface
water flows. In the early Basin Plan drafts, this
unassigned water factor was 0.5, but this was changed
after review to 0.25.
The unassigned water sustainability factor was applied
to the volume, representing the difference between
the RRAM derived extraction limit and the current
extraction limit. The resultant factored volume was
then added to the current extraction limit.
The approach adopted involved the quantification
of the existing groundwater usage – this was termed
the Basic Diversion Level (BDL). The ACT groundwater
BDL was reported as 1.7 GL/y in CSIRO and SKM
(2011) as supplied by ACT Government (P. Donnelly,
pers. comm.).
In summary, the current method involved several steps
to obtain the SDL volume as published in the Basin
Plan. These are:
1) Derivation of the total diffuse dryland recharge to
the SDL unit area;
2) Application of sustainability factors representing
the risks to the ESLT characteristics and accounting
for uncertainty;
3) Estimation of the BDL; and
4) Application of an unassigned water factor where the
SDL unit was deemed to come within this policy.
The volume of recharge was first derived by
consideration of the diffuse dryland recharge
component of the water balance of a groundwater
system via modelling by CSIRO using the WAVES
model platform. Recharge from sources other than
diffuse rainfall were set to zero. The approach was
complex, but conceptually sound and derived a series
of recharge scaling factors for the different SDL units
across the Basin. These were based on a series of
model reference nodes where detailed modelling
produced a set of recharge rates. None of these
reference nodes coincided with the ACT. The initial
estimation of SDL volumes for the ACT used a WAVES
derived recharge rate of 49 mm/y. MDBA (2012b)
reports a different overall total recharge volume for the
ACT (150.38 GL/y) that equates to about 64 mm/y.

The diffuse recharge volume of 150.38 GL/y was
subject to a sustainability factor of 0.05 (comprising an
ESLT derived factor of 0.1 multiplied by an uncertainty
factor of 0.5). This resulted in a preliminary SDL
volume of 7.52 GL/y. This is quoted in MDBA (2012b)
as 7.25 GL/y reflecting the plan limit used in the ACT
Water Resource Plan of the time. This volume was later
modified to reflect the characterisation of the ACT
Groundwater SDL as an ‘unassigned water’ SDL.

runoff processes, and from baseflow generated by
groundwater discharge. In addition, the amount of
groundwater available for extraction from each subcatchment will also be limited to 10% of groundwater
recharge (WRMP, 1999) as an extra measure to manage
the impacts of groundwater withdrawal on the lower
20% of surface water flows. These policy objectives are
still applicable in the current Water Resources Act 2007
and environmental flow guidelines (DI2013-44).

Once the SDL unit was deemed to be an ‘unassigned
water’ unit, a different approach was adopted.
The difference between the BDL (1.7 GL/y) and the
preliminary SDL volume (7.52 GL/y) was factored by
0.5 and this volume added to allow future expansion
of development. This unassigned water approach was
reviewed after the draft Basin Plan was released, and
the 0.5 factor was further reduced to 0.25 to allow a
more cautious outcome aimed at protecting surface
water flows. The result of this was a volume of 1.455
GL/y added to the BDL. This gave the current SDL
volume of 3.16 GL/y.

The ACT groundwater WRP area can be divided into
essentially two sections; an eastern and western.
The divide between the two is the Murrumbidgee
River corridor. The Murrumbidgee River is effectively
a regulated river system, as it is used primarily
to transfer water from Tantangara Reservoir to
Eucumbene Dam, rather than that water flowing into
Burrinjuck Dam.

In the review, the reason for the reduction in the
unassigned water factor (from 0.5 to 0.25) was
(MDBA, 2012a):
This precautionary approach will allow for development
to occur in the unassigned groundwater areas without
negatively impacting on the surface water resources or
allowing over-extraction in the groundwater resources.
As new and better knowledge becomes available,
particularly in resource units where data is currently
poor, the MDBA will reassess the knowledge and revise
the SDLs accordingly.

ACT Government Approach
The derivation of sustainable yields for groundwater
extraction in the ACT have evolved over the period
from 1999. This discussion outlines that evolution.
The policy objectives of the ACT Government regarding
water management are quite clear. As reported in
Evans and others (2005, various), the original Water
Resources Act (1998) provides for the protection
of the environment through recognising water for
environmental purposes as a legitimate use of the
resource (WRMP, 1999), as well as giving clear priority
to environmental water provisions. This priority
was established through the first Environmental
Flow Guidelines (1999). The Environmental Flow
Guidelines have been interpreted such that a decision
was made that 10% of surface water flows (but only
above the 80th percentile flow which is protected
from abstraction) have been selected as suitable for
allocation in most sub-catchments. This flow will
be made up from surface water flows generated by

The eastern section is comprised of the lower parts
of the Molonglo River catchment with its tributaries
being Woolshed, Jerrabomberra, Sullivan’s, Yarralumla
and Woden Creeks. These tributaries are all heavily
modified (rural and urban) ephemeral streams.
The eastern section also contains Ginninderra and
Tuggeranong Creeks; these are tributaries of the
Murrumbidgee River but are essential the same in
character as the Molonglo River tributaries. All these
tributaries have identified environmental values under
the various environmental and water resource plans,
but are not pristine systems. Dominant features of the
eastern section is Lake Burley Griffin on the Molonglo
River, Lake Tuggeranong on Tuggeranong Creek and
Lake Ginninderra and Gungahlin and Yerrabi Ponds on
Ginninderra Creek. These impoundments have varying
impacts on groundwater levels.
The western section is comprised of a number of very
similar river systems; the Cotter, Paddys, Gudgenby
and Naas Rivers. The Cotter River is the primary
water supply system in the Brindabella Ranges and
is highly regulated downstream from Corin Dam. The
other Rivers are unregulated and drain predominately
national park.
Most groundwater development occurs within the
eastern section associated with urban and peri-urban
users. Assessments of sustainable yield and the
impacts from groundwater use have been aimed at
this eastern section.

Water Resources
Management Plan 1999
The initial determination of available groundwater
abstraction volumes was made in the Water Resources
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Management Plan 1999 (WRMP 1999) as part of the
implementation of the Water Resources Act (ACT) 1998.

of recharge volumes for some sub-catchments as
originally detailed in WRMP 1999.

The WRMP 1999 calculated recharge using two
separate approaches, though these were basically
desktop derivations. The first approach was using a
simple water balance method based on solving the
runoff, evapotranspiration and recharge balance. The
analysis was undertaken at a sub-catchment level,
with 32 sub-catchments analysed in total. Most subcatchments (but not all) had long term stream gauging
and climatic data available.

A portfolio of hydrogeological studies was carried as
part of the development of the revised Plan. These
fell into two main groupings. Firstly, a partnership
between iCAM (ANU) and Salient Solutions Australia
Pty Ltd undertook hydrogeological and baseflow
studies across 13 sub-catchments.

The results of this analysis (Table 3 of WRMP 1999
– page 53) derived a recharge volume for each
sub-catchment. This was then factored by 10%
in line with government policy related to preserving
baseflow in the Territory’s rivers and streams. The
final groundwater abstraction volume derived in this
manner was 7.31 GL/y. The results derived using the
water balance method were compared with recharge
estimates derived using a different approach – a
rainfall recharge equation method (Annex A, WRMP
1999). The two estimation approaches provided
similar results.
The overall average recharge rate for the ACT using
this approach was 27 mm/y, when spatially averaged
across the 32 sub-catchments. This compares to a
spatially averaged mean annual rainfall of 724 mm/y.

Think Water, Act Water 2004
A revised WRMP was developed in 2004, titled Think
Water, Act Water (TWAW 2004). This essentially
adopted the various estimates of groundwater
recharge from WRMP 1999. There were two minor
differences. Firstly, where WRMP 1999 used units of
GL/y to one decimal place, TWAW 2003 used units of
ML/y to at least three significant figures. This produces
a minor change in overall volume. Secondly, TWAW
2004 increased the groundwater volume available for
use in the Jerrabomberra sub-catchment from 120
ML/y to 240 ML/y.
These changes resulted in a total groundwater volume
of groundwater available for use of 7.455 GL/y.

Water Resources Act 2007
The ACT updated its legislation to the Water Resources
Act (ACT) 2007. A revised Water Resources Management
Plan was developed in response – WRMP 2007,
effectively DI 2007-193 and 191 Water Resources (Water
available for areas) and (Water management areas)
respectively. The WRMP 2007 updated estimates
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The objectives of the studies were to:
>> review and confirm previous conceptual models of
groundwater flow and water balance;
>> review the previous assessment method and
provide updated estimates of sustainable
yields; and
>> assess the impacts of groundwater extraction on
streams of the area.
Secondly, the Bureau of Rural Sciences (BRS, 2008)
undertook monitoring and recharge studies based
on a number of monitoring bores it drilled (for the
ACT Government) across the eastern Water Resource
Management Areas. This included both hydrograph
fluctuation analysis and chloride mass balance
assessments to derive recharge estimates.
The iCAM/Salient Solutions work (various reports
by Evans and others (2005) for each of the 13
sub-catchments) was based on assessing the
hydrogeological characteristics of the various
catchments and included hydrological modelling
of surface water flows to provide estimates of
baseflow (via a baseflow index). The assumption
supporting the hydrologic modelling was that the
baseflow index could be interpreted as representing
groundwater discharge. In a groundwater system that is
in equilibrium the discharge is generally matched by the
recharge (assuming sub-surface outflow is negligible).
This relationship allows the baseflow index to be used to
estimate recharge quantities (Evans and others, 2005).
The assessment used Flow Duration Curves derived
from nine stream flow gauging stations either situated
directly on the Molonglo River or on its tributaries.
These curves were analysed by baseflow filtering to
provide information about the low flow characteristics
of the stream at each gauge site.
The filtering gave a baseflow volume that was equated
to groundwater discharge. The studies showed that
“…there is variation in the baseflow fraction between
streams. Ignoring gauges with extremely large
contributing areas (i.e. gauges on the Molonglo and
Murrumbidgee rivers), gauges to the south of Lake
Burley Griffin appear to have a fairly constant baseflow
fraction of approximately 0.23 (range from 0.20 to 0.24).

Discussion

Level of Analysis

There are a number of discussion points related to
the assessments carried out by the MDBA and the
ACT Government.

The ACT adopted a policy of maintaining riverine
ecosystems as its highest priority. It has implemented
the 10% of recharge policy as the main instrument in
protecting the flow characteristics of its streams and
rivers, so as to protect environmental flows.

The MDBA assessment using the RRAM method relied
on the extrapolation of modelled recharge values from
other known sites. The approach was appropriate at
the scale required for the Basin and at the level of data
generally available. It also reflected the timeframe
within which recharge estimates were required.
However, there was no ground-truthing in the ACT,
and the overall estimate of 64 mm/y average recharge
for the ACT remains highly uncertain. This is higher
than all estimates generated from the various studies
undertaken within the ACT, which vary across a range
at least half that number.

The MDBA implement the policy as set out in the
Water Act (C’lth) 2007, which aims to safeguard the
environmental assets of the Basin, via the Basin Plan.
The MDBA do this, with respect to groundwater, by
applying factors to a derived recharge volume. Some
of these factors have regard to uncertainty, while other
factors are applied due to a precautionary approach.

The assessment of recharge undertaken within
the ACT used a number of different techniques
and approaches. There is still a level of uncertainty
associated with each of the techniques, but the
consistency in the assessment outputs when the
range in techniques is considered, provides a level of
confidence in the results.

However, the use of multiple factors by the MDBA
has resulted in a complex process. In particular,
the ‘unassigned water’ policy approach results in
a precautionary factor being applied to a previous
uncertainty factor to “allow for development to occur in
the unassigned groundwater areas without negatively
impacting on the surface water resources or allowing
over-extraction in the groundwater resources”. In terms
of the ACT circumstances, contemporary analysis has
shown that groundwater abstraction at the ACT policy
level does not impact negatively on the environmental
objectives set by that policy. Whilst the policy
objectives are similar, the outcome due to the manner
of their implementation becomes different.

As well, the approach by the ACT Government has
been one of continual improvement, proceeding from
broad water balance estimates in the WRMP 1999
exercise, to more detailed modelling and analysis in
the WRMP 2007 exercise (baseflow analysis, MODFLOW
modelling, chloride mass balance assessment and
hydrograph fluctuation analysis). Note that further
analysis has been undertaken on 5 ACT catchments
(ABARES, 2013) and this is planned to be extended for
data up to 2015.

Policy Settings

Quantum of Recharge
Both the MDBA and ACT method derive a volume of
recharge for the ACT that are similar, that is prior to the
application by MDBA of their ‘unassigned water’ policy.
The MDBA derives a much higher total recharge, but
after application of its factors, arrives at a very similar
volume of groundwater available for use as does the
ACT – 7.52 GL/y (MDBA) versus 7.74 GL/y (ACT).
However, it is the application of the subsequent
‘unassigned water’ method by MDBA that provides the
major point of difference.
The ACT Government views the 7.74 GL/y as
the abstraction limit, and has confidence in the
assessments that have been taken over time, that this
will deliver the policy objective of protecting surface
water environmental values.
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There have also been studies to investigate the
impact of groundwater abstraction on surface water
flow characteristics, at the policy setting of 10%
of recharge. This work showed that inter-annual
variability in runoff related to wet and dry years was
responsible for the largest changes in baseflow when
compared to groundwater abstraction at the rate
allowed in the current WRMP.

Unassigned Water
As discussed in previous sections, the application by
the MDBA of the original ‘unassigned water’ policy
was driven by the desire to safeguard surface water
flows in highly connected surface water – groundwater
systems, especially where the current extraction limit
was less than the overall sustainable diversion limit
(groundwater available for use). After a subsequent
review, the amount of water made available was only
25% of the difference between the current extraction
limit and the proposed (interim) sustainable diversion
limit. This was a precautionary approach, implicitly
driven by a perceived lack of data and assessment.

MDBA (2012a) states that as “new and better knowledge
becomes available, particularly in resource units
where data is currently poor, the MDBA will reassess
the knowledge and revise the SDLs accordingly”. The
analysis undertaken by the ACT Government was not
considered by the MDBA and represents best practice
for the determination of groundwater availability not
matched in other similar hydrogeological settings in
the Basin.

Recommendation
The ACT approach to deriving groundwater
volumes available for use within its Water Resource
Management Plans has been based on a number of
studies over the last 10 to 15 years, and is based on
good quality data. It has relied upon a number of
different and complementary approaches that provide
some confidence in the outputs. The approach also
includes impact analysis of the current approach,
particularly the impacts on surface water flows and
associated environmental values.
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