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Executive summary

The Murray—Darling Basin Plan 2012 (the Basin Plan) requires NSW to prepare Water Resource Plans
(WRP). The Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11) has been
prepared to meet the requirements of the Basin Plan, assessing current and future risks to the condition and
continued availability of the water resources. This document will be used to guide the development of the
Macquarie-Castlereagh WRP. Part 9, Chapter 10 of the Basin Plan sets out the key requirements for WRP risk
assessments.

Table 1. Chapter 10, Part 9 of the Basin Plan

10.41 Risk identification and assessment methodology
(1) Regard to current and future risks
(2) (&) Risks to meeting environmental watering requirements
(b) Risks arising from matters referred to in subsection 10.20(1) (productive base of groundwater)
(c) Risks arising from potential interception activities
(d) Risks arising from elevated levels of salinity or other types of water quality degradation
3) (@) Risks identified in Section 4.02
4) List the identified risks
(5) Assess each risk
(6) Categories of level of risk
(7 Description of the data and methods
(8) Description of uncertainty
10.42  Description of risks
10.43  Strategies for addressing risks
() Water resource plan risk mitigation strategies
(2) Strategies take account of Chapter 10 requirements

3) (@) WRP have regard to strategies listed in section 4.03(3)

The risk assessment framework adopts a cause/threat/impact model that describes the risk pathway of
impacts to a receptor. The risk level of an impact is a function of the likelihood of a cause and threat occurring,
and the consequence of the impact on the receptor. The risk level is assessed with the current strategies and
rules in place, as provided for under the NSW Water Management Act 2000 and the relevant water sharing
plan/s (WSP). The relevant water management actions and mechanisms in place to address particular risks
are listed in each chapter.

The Basin Plan requires a water resource plan (WRP) to describe strategies to manage medium or high risks
in a manner commensurate with the level of risk. A strategy is commensurate with the level of risk if it results in
the level of risk being tolerable. If the risk cannot be addressed to a tolerable level, an explanation should be
provided. For example, there may be instances where an identified risk cannot be mitigated due to a range of
constraints including, but not limited to infrastructure, third party economic or social impacts, or sustainable
diversion limits.

Risk-based management assists water managers to prioritise and plan and direct resources to monitor,
mitigate or respond to the factors that pose the highest overall risks. It ensures that strategies (both existing
and proposed) are targeted at the appropriate part of the water system. In the context of the NSW risk
assessment process, a medium or high risk does not automatically imply that existing WSP rules are
inadequate or require change, or that new strategies are required. Rather, the risk assessment can be
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considered a ‘red flag’ process to provide guidance for where more detailed investigation may be required
during the life of the Plan.

Medium and high-risk results that were identified in this risk assessment were reviewed to determine whether
they are adequately addressed by existing strategies, or whether modifications or new strategies may be
required. Risk treatment options were developed following a systematic approach outlined in Figure 1 (Risk
Treatment Pathway). Defining tolerable risk results (i.e. those high or medium results NSW considers are
acceptable or adequately managed by existing water resource management strategies) were also part of this
approach. Explanations for risk results that the WRP cannot address in a manner commensurate with the level
of risk are provided in the Consolidated Risk Table (Table 1). Consolidated risk maps are provided in Figures 2
and 3.

As strategies are not required for risk results that are low, they have not been further considered in the risk
treatment overview.
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Figure 3. Consolidated risk map — water quality, temperature and interception
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Table 2. Consolidated risk table interpretation

General information SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] - REGULATED SYSTEM
Each risk has a separate . © 83 g = g . . -
Consolidated table. The title reach or Current critical 2 S E’ ST | B ~ g ; New critical mechanisms E S SgiEmEiEn el elErEe sl SpplliEEton
contains the relevant report water o mechanisms 5 £ T =G| £ 2 %o SUEIERIES (mechanisms introduced as a result of 2 v O . . Monitoring and
. L extraction ; . g = = S o< o o o= | (refer to Table 3-7 for . S= Explanation of why risk cannot be e
section, risk title and \?v(i)tl::i(;le characteristics Sglf w;nfgzszcé'g)e TTER ® 2 - 3 2 T | Bz | 28 | furtherinformation) WE\'/D c:,s%/e'[logmke\?vt or avallablg B et 3T | addressed eva
abbreviation used in tables WRP area S S x fo=| &F v active when risk was assessed) F 3 | (refer to Table 8-3)
within this report. a= E 4
The Consolidated tables are Risk assessment Risk treatment pathway
divided into two sections (Risk Location information and | Information on the calculation basis | Risk rating or | Information on the application of the Risk treatment pathway Outcomes of Risk treatment Link to monitoring
assessment and Risk flow or ex.trqctlon of the Risk outcome outcome Pred.eflned tolerable risk level or ratings gpply to select regulated river Tolerable / residual risk rating refers to: and management
treatment pathyvay) to clgarly characteristic Current critical mechanisms are (resglt) and Iocatlons_ where NSW ca_nnot address thg risk assessed. These rgsults are | 4 Any change to the Risk rating after the plans
show the transition from risk Water sharing plan water included here as the risk outcomes confidence automatically assigned risk treatment option A as no new strategies are application of new critical mechanisms and Information regarding
assessment to risk treatment, management unit within the | were calculated with these water ranking required or possible. The tolerable status s indicated by paler shading of recalculation of (residual) risk. the ongoing
including which critical water SDL resource unit. sharing plan or WM Act based water Risk outcome | ¢ fisk outcome as described in the Outcomes of Risk Treatment 2 The tolerable status of the Risk rating. NSW  monitoring, evaluation
management mechanisms were management controls in place. These | is a function of C(?Iumn, and further .|nformat|on IS pr.owded n jl'able_8-3 _ has considered whether risk ratings are and reporting for
in place wher.l the risk was For each water o key active mechanisms currently consequence Risk treatment option refers to options A-G listed in the Risk Treatment acceptable on the basis the risk is adequately water management
assessed, prior to WRP management unit, risk h_aS address the risk. Mechanisms have and likelihood, Pathway and summarised.below; more than one may apply. See Table 8-1. managed by the existing and new critical plan performance
commencement. been asses§ed for a variety been included to provide further detail | the following A No new strategies reqired or possible. - . mechanisms. This is in line with the Basin Plan including the water
of flow metrics or other ) . o B Fill knowledge gap and evaluate effectiveness of existing strategies. . .
The configuration of columns characteristics. These flow | ©" the Strateg|es to address risk and | coding is used. | ¢ Knowledge improvement via MER plan is proposed. Water Resource Plan'ReqwrementS.Pos!tlon resource plan, water
may vary slightly depending on | oo o other are not intended to be a For further D Adjustment of WSPs or WMA based rules. Statement 9B Strategies for addressing risks. sharing plan, water
the risk assessed. . comprehensive list of all relevant ) . E Implementation dormant WSP or WMA rules. The tolerable status is indicated by paler shading | quality management
characteristics are also mechanisms. information on | £ peyelop and implement new BP or WSP strategies. of the risk outcome as below. Explanations are plan and long-term
displayed in the - data G Review interactions with complementary WMA processes/other included in the second column of this section. watering plan (where
consolidated risk maps. Consequence_and legllhood are . confidence legislation. Low risk outcomes have N/A as they do not relevant). Refer to the
used to qletermme _the rl_Sk outcome via | refer to _ Strategies to address risk are required by the Basin Plan to be identified | equire a tolerable status. Refer to Table 8-3 fora | MER Plan for further
the matrices described in the relevant | Appendix A for all Medium and High risk outcomes. These are the broad water summary of explanations. information.
section of the report. The column entry management and knowledge improvement approaches NSW uses to
abbreviations are: H | High identify and address risks to water resources. A summary of strategies and H High — Tolerable
their related existing and additional critical mechanisms can be found in

VH Very High (consequence scores
y High( a Table 8-7.

only) M | Medium R _ _ H High — not Tolerable
New critical mechanisms are water sharing plan or WM Act based water

H High
g ] management controls that have been developed, modified, substantially
M Medium L | Low changed in implementation status as a result of WRP development, OR are M | Medium —Tolerable
L Low inactive but available if required. Each mechanism has an associated risk
VL Very Low (consequence scores only) treatment option on the Risk Treatment Pathway. Mechanisms have been M Medium — not Tolerable

included to provide further detail on the Strategies to address risk and
are not intended to be a comprehensive list of all relevant mechanisms.

The likelihood score also includes
whether there has been an increase
(+), decrease (-) or no change (°) from
base case (no development).

NSW Department of Industry | INT18/162302 | 7



Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] - REGULATED SYSTEM
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Dam to Burrendong Dam to at the fresh flow level however this risk is
mimic natural flow events to inherent to a regulated river
maximise environmental IO Water ordering patterns have altered the
benefits = duration and timing of bank full events to
High and @ unnaturally long events in summer and
Cudgegong Inf%e uent Elows - 2 fewer events in winter. Volumes of PEW MER planned
River at Rocky q H | H-* H H/H H e N/A | available as translucent (or possibly for WSP
Bank Full 1.5 years @ ) . ) " . s
Waterhole AR| £ discretionary) are insufficient to mitigate objectives
© risk.
e]
o The ability to mitigate the likelihood is low,
o hence the risk is tolerable
_ _ River regulation, water ordering patterns,
Cudgegong High and B o None required — risks and third party inundation risks prevent an MER planned
_ = are tolerable. increase in the frequency of 2.5 ARI flows
River at Rocky Infrequent Flows - H | H-* H H/H H k3 g N/A . . d y o . for WSP
Waterhole 2.5 years ARI 5 The ability to mitigate the likelihood is low, objectives
a b hence the risk is tolerable
River regulation, water ordering patterns,
. Bo and third party inundation risks prevent an
Cudgegong High and g increase in the frequency of 5 ARI flows MER planned
River at Rocky Infrequent Flows - H | H-* H H/H H L5 N/A L . . ) for WSP
Waterhole 5.0 years ARI 8o The ability to mitigate the likelihood is low, objectives
ak hence the risk is tolerable
Reserve all water above Limit consumptive water None required — risks
the long-term average annual 2 extractions in the WRP area to the are tolerable.
extraction limit (LTAAEL) for [ predefined share of available water. Risk inherent to regulated river reaches.
Cudgegong the environment as PEW. 2 Protect a portion of high flow Zero flow periods cannot be scheduled MER planned
River at Yamble | Zero flow periods Supplementary accesst0 | v | H+ | H H/H H '_; events in the Macquarie-Castlereagh n/A | due to dam operational constraints and for WSP
Bridge natural flow events limited as 2 WRP area. requirements to deliver water orders and objectives
@
ie]
g
o

Rivers Water Source 2016.
Announced events only when

meet flow targets specified in the
Macquarie LTWP.
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] = REGULATED SYSTEM
_ g 3 @ |§2%| 85 ° o Explanation of tolerable risk o
RVET EEED Flow or extraction S| 2| % 28823 T New critical m | @peliEaie I
within WRP - Current critical mechanisms o | £ - | EoL£| T= < Strategies ; = and
characteristic Q > ~ CoD=| ©x = mechanisms - . . .
area 2 X~ ® |Cnl| S v S c Explanation of why risk cannot be evaluation
o | J | & |8S§5=|B* = ) addressed
© 58S |3 ¥ 8
a & i
gg\évvixgtehi?siigg%OML/day = Risk inherent to regulated river reaches.
Cudgegong requirements at Warren and 2 % Base flows cannot be sc_heduled due to MER planned
River at Yamble Base-flow or Low Burrendong Dam is spilling. M | H+* | H H/H H B8 N/A dam_operatlonal co_nstramts and for WSP
. Q@ liver water orders and "
Bridge Flows . 32 requirements to de \ | objectives
Plz(a_ltlned IEnwrtc))nmlentaI gFF BLR (stock and domestic) replenishment
ater (Translucent) releases
from Windamere Dam. flows
* 10 be repealed Water ordering patterns have altered the
o ) o duration and timing of freshes leading to
Within operational replaced by: = unnaturally long events in summer due to
Cudgegong frc;rrllsétfrearlsntfsrorp:]lebr\]/ itr)nlél.: mw:rt:r o " g B !rriggtiton (\j/vatetr deli\{[ery ?Jndt r1:ev;er events MER planned
. . . nvironmenta o © | inwinter due to capture by the dam.
g;\i/(;:—‘feat Yamble | Fresh Flows Dam to Burrendong Dam to M | M M | H/H M F() Water Allowance from gg The introduction of a discretionary ];obr'(\e/\étsi\fes
9 mimic _natural .ﬂOW events to Windamere Dam for 5 & | environmental water allowance will allow /
maximise environmental Cudgegong system o for greater flexibility to address the risks
benefits z at the fresh flow level however this risk is
inherent to a regulated river
. . Water ordering patterns have altered the
% None lreqléllred — risks duration and timing of freshes leading to
o are tolerable unnaturally long events in summer due to
Cudgegong High and % irriggtion water delivery and fewer events MER planned
River at Yamble Infrequent Flows - M| M* | M H/H M '_; NA | D winter due to capture by the dam. for WSP
Bridge Bank Full 1.5 years Q The_ introduction of a dlscretlonary objectives
ARI = environmental water allowance will allow
2 for greater flexibility to address the risks
a at the fresh flow level however this risk is
inherent to a regulated river
Cudgegong High and None required — risk is
River at Yamble Infrequent Flows - M | L-* L H/H N/A N/A low N/A | Low risk, no mitigation required No MER
Bridge Over Bank 2.5 planned
years ARI
High and
Cudgegong Infrequent Flows - No MER
. . . A .
E;\i’deéeat Yamble Over Bank 5.0 M | L- L H/H N/A N/A N/A Low risk, no mitigation required planned
years ARI
Reserve all water above Limit consumptive water Risk inherent to regulated river reaches.
the long-term average annual extractions in the WRP area to the Zero flow periods cannot be scheduled
extraction limit (LTAAEL) for predefined share of available water. due to dam operational constraints and
Macquarie the environment as PEW. S o Protect a portion of high flow requirements to deliver water orders and
River d/s Supplementary access to £ events in the Macquarie-Castlereagh BLR (stock and domestic) replenishment | MER planned
Burrendong Zero flow perIOdS natural flow events limited as M H- H H/H H % E WRP area. N/A ﬂOWS . . fOfWSP
Dam per the WSP for the Macquarie g ,9 Provide discretionary T_hls risk result is also driven t_)y avery objectives
and Cudgegong Regulated environmental watering events in the high consequence and a low likelihood.
Rivers Water Source 2016. regulated river and downstream None required — risks The.rlsk is tolerable because of the low
ﬁ\nnounce%e\g%rggl\%% when unregulated river sections of the are tolerable. likelihood.
ow exceeds ay
above other listed WRP area.
requirements at Warren. Manage environmental water to Risk inherent to regulated river reaches.
Macquarie Planned Environmental Qo | meetflowtargets specified in the Base flows cannot be scheduled due to MER ol q
River d/s Base-flow or Low Water Sub Allowance 1 M | He | H H/H H % 'c-é Macquarie LTWP. N/A dam operational constraints and for WEF? nne
Burrendong Flows Translucent releases from 3 % requirements to deliver water orders and obiectives
Dam Burrendong Dam ar BLR (stock and domestic) replenishment )

Strategic use of

flows
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] - REGULATED SYSTEM

ARI

< S o
O — £2) = =
2| 3 2 |525| 85 o o Explanation of tolerable risk
. w = _c o o R ~ . . . .
Rl_ve_r TGS Flow or extraction - . =) e g |l€30| =3 T 8 New critical Z EPfp B I
within WRP . Current critical mechanisms o | = - | S oLc£| T— £ Strategies ; = and
characteristic () > ~ Co=| Ox = mechanisms - . . .
area 2 X~ w |99 Ll o S c Explanation of why risk cannot be evaluation
S| - @ % s = “_ac'a = = S addressed
o -é’ o
Macquarie environmental water allowance S o Water ordering patterns have altered the
Rive? dls Sub Allowance 2 Active as 2 5 duration and timing of freshes leading to | MER planned
Burrendon Fresh Flows directed by Environmental M | H+ | H H/H H “_GO_J 5 N/A | unnaturally long events in summer due to | for WSP
Dam 9 Flows Reference Group. ¢ o irrigation water delivery and fewer events | objectives
- Coordinate release of o in winter due to capture by the dam.
environmental water allowance Water ordering patterns have altered the
Macquarie High and (EWA) and held environmental Qo duration and timing of bank full events to
: ith 1l c o ; MER planned
River d/s Infrequent Flows - | Water with natural flow events. v | o y H <@ /A | unnaturally long events in summer and for WSP
Burrendong Bank Full 1.5 years CEWH and NSW OEH 32 fewer events in winter. obiectives
Dam ARI held environmental water ar The ability to mitigate the likelihood is low, I
entitlements in the Macquarie hence the risk is tolerable
Macquarie High and Cudgegong Regulated River =T River regulation, water ordering patterns,
Rive? d/s Inf?e Lent Flows - Water Source (Regulated 2 5 and third party inundation risks prevent an | MER planned
q River (High Security), M | H* | H H/H H o3 N/A | increase in the frequency of 2.5 ARI flows | for WSP
BUrrendOng Over Bank 2.5 Regu|a’[ed River (Genera| 8 - . . . . . b t
Dam ears ARI ; 20 The ability to mitigate the likelihood is low, | ODIECUVES
y! Security, Supplementary o h the risk is tolerabl
Water) are discretionally used ence the risk is lolerable
. . for environmental flow S o River regulation, water ordering patterns,
M.acquarle High and outcomes 2= and third party inundation risks prevent an | MER planned
River d/s Infrequent Flows - M| H*| H H/H H 5 O N/A | increase in the frequency of 5 ARI flows for WSP
Burrendong Over Bank 5.0 g i’ - . . . P
Q0o The ability to mitigate the likelihood is low, | objectives
Dam years ARI atk o
hence the risk is tolerable
Limit consumptive water None required — risks
Reserve all water abovel extractions in the WRP area to the are low
Macquarie i the long-term average annual predefined share of available water. ' No MER
Rive? at Geurie Zero flow periods extraction limit (LTAAEL) for M LO L H/H N/A N/A ] ) N/A N/A planned
the environment as PEW. Protect a portion of .h'gh flow
events in the Macquarie-Castlereagh
Supplementary access to WRP area.
natural flow events limited as ) ) )
per the WSP for the Macquarie Provide discretionary None required — risks Risk inherent to regulated river reaches.
and Cudgegong Regulated T o environmental watering events inthe | are tolerable. Base flows cannot be scheduled due to MER planned
Macquarie Base-flow or Low | Rivers Water Source 2016. M|lue L H H/H H % ® | regulated river and downstream N/A | dam operational constraints and for Wgs €
River at Geurie Flows Announced events only when 3 % unregulated river sections of the requirements to deliver water orders and obiectives
flow exceeds 5000ML/day g+ | WRParea BLR (stock and domestic) replenishment I
above othert' I'Stf\(/jv Manage environmental water to flows
requirements at Wvarren. meet flow targets specified in the
Planned Environmental Macquarie LTWP.
Water Sub Allowance 1 =IO Water ordering patterns have altered the
Macauarie Translucent releases from 2 3 duration and timing of freshes leading to | MER planned
Rive? at Geurie | Fresh Flows Burrendong Dam M | H+ | H H/H H 25 N/A | unnaturally long events in summer due to | for WSP
Strategic use of o E irrigation water delivery and fewer events | objectives
environmental water allowance o in winter due to capture by the dam.
Sub Allowance 2 Active as
directed by Environmental
Flows Reference Group. Water ordering patterns have altered the
- Coordinate release of duration and timing of bank full events to
. environmental water allowance o] unnaturally Iong events in summer and
High and ) o2 LI
; _ (EWA) and held environmental £33 fewer events in winter. Volumes of PEW MER planned
Macquarie Infrequent Flows i . / =8 / ilabl | ibl f
River at Geurie | Bank Full 1.5 years | Water with natural flow events. | M | H-* [ H H/H i S 9 N/A | available as translucent (or possibly or WSP
) £o discretionary) are insufficient to mitigate objectives
o

CEWH and NSW OEH
held environmental water
entitlements in the Macquarie

risk.
The ability to mitigate the likelihood is low,
hence the risk is tolerable
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] = REGULATED SYSTEM
Q S o
O — £2) = =
© | o o |§e5| 8= S o Explanation of tolerable risk
RVET EEED Flow or extraction 21 8 5 |2388] 2 % T New critical m | @peliEaie Ry
within WRP . Current critical mechanisms | = - | S oLc£| T— £ Strategies ; = and
characteristic () > ~ Co=| Ox = mechanisms - . . .
area 2 X~ ® |Cnl| S v S c Explanation of why risk cannot be evaluation
S| 2| e % 5E I = = addressed
o< | o x 4
o @ o
High and Cudgegong Regulated River S o River regulation, water ordering patterns,
Macauarie Infgre Lent Flows - Water Source (Regulated = 5 and third party inundation risks prevent an | MER planned
acq , g River (High Security), M | H* | H H/H H o5 N/A | increase in the frequency of 2.5 ARI flows | for WSP
River at Geurie Over Bank 2.5 Regu|ated River (Genera| 8 Q . . i . . bi .
years AR Security, Supplementary £ 2 The ability to mitigate the likelihood is low, | ObJectives
Water) are discretionally used hence the risk is tolerable
. for environmental flow S o River regulation, water ordering patterns,

. High and outcomes. 23 and third party inundation risks prevent an | MER planned
Macquarie | Infrequent Flows - Ml H | H H/H H G S N/A | increase in the frequency of 5 ARI flows | for WSP
River at Geurie | Over Bank 5 years g i . - S . P

ARI gpo The ability to mitigate the likelihood is low, | objectives
o hence the risk is tolerable
Limit consumptive water None required — risks Risk inherent to regulated river reaches.
extractions in the WRP area to the are tolergble. Zero flow periods cannot be scheduled
predefined share of available water. due to dam operational constraints and
Protect a portion of high flow requirements to deliver water orders and MER planned

i . - . BLR (stock and domestic) replenishment
Macquarie Zero flow periods Reserve all waterabove | i | 19 | M | HINVA | M N/A | events in the Macquarie-Castlereagh N/A ( ) rep for WSP
River at Dubbo the long-term average annual WRP area. flows. objectives

extraction limit (LTAAEL) for This risk result is also driven by a very

the environment as PEW. Provide discretionary _ high consequence and a low likelihood.

Supp|ementary access to enwronmer_ltal Watermg events in the The risk is tolerable because of the low

natural flow events limited as regulated river and downstream likelihood.

per the WSP for the Macquarie unregulated river sections of the

and Cudgegong Regulated WRP area. Risk inherent to regulated river reaches

Rivers Water Source 2016. i :

Announced events only when 2 g M?Haget enw;onmen.?aldw.ati: to Base flows cannot be scheduled due to MER olanned
Macquarie Base-flow or Low E8® meet Tlow targets speciiied in the dam operational constraints and P

_ flow exceeds 5000ML/day VH | H+ H H/H H o 5 Macquarie LTWP. N/A . . for WSP

River at Dubbo | Flows above other listed 3 % requirements to deliver water orders and obiectives

requirements at Warren akF BLR (stock and domestic) replenishment I

' flows

Planned Environmental

Water Sub Allowance 1

Translucent releases from

Burrendong Dam S o Water ordering patterns have altered the

; =¥y Strategic use of .g IS duration and timing of freshes leading to MER planned
Macquarie 9 3
Rive? at Dubbo Fresh Flows environmental water allowance | VH | H+ H H/H H ;a;a 5 N/A unnaturally long events in summer due to | for WSP

Sub Allowance 2 Active as © 0o irrigation water delivery and fewer events | objectives
gpo g Yy )
directed by Environmental o in winter due to capture by the dam.
Flows Reference Group.
- Coordinate release of Water ordering patterns have altered the
High and environmental water allowance § % duration and timing of bank full events to MER planned
Macquarie Infrequent Flows - (EWA) and held environmental VH | B H H/H H = C N/A unnaturally long events in summer and for ng
River at Dubbo | Bank Full 1.5 years | water with natural flow events. 5 Q fewer events in winter. The ability to e
@0 o Qg : objectives
ARI CEWH and NSW OEH gk mitigate the likelihood is low, hence the
held environmental water risk is tolerable
(érlltcljtleemggts FlinethLﬁa'\t/leangLij\?é:’e River regulation, water ordering patterns,
High and Watgr %ou?ce (geegulate d T o and third party inundation risks prevent an MER ol q
Macquarie Infrequent Flows - River (High Security) VH | 1 H H/H H % 'c-é N/A increase in the frequency of 2.5 ARI flows for Wgsnne
River at Dubbo | Over Bank 2.5 Regulated River (Ger,1eral kS 2 The ability to mitigate the likelihood is low, | gpiectives
years ARI Security, Supplementary atk hence the risk is tolerable
Water) are discretionally used
_ for environmental flow o o River regulation, water ordering patterns,
. High and outcomes. 25 and third party inundation risks prevent an | MER planned
Macquarie Infrequent Flows - = ® ; i
. VH | M-* H H/H H O = N/A increase in the frequency of 5 ARI flows for WSP
River at Dubbo | Over Bank 5.0 o gi) . - S . P
g 2 The ability to mitigate the likelihood is low, | objectives

years ARI

hence the risk is tolerable
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] = REGULATED SYSTEM
< 5 o
O — Q = =
3 es_| 3 2 g | |
2 3 © | 525 S5 © e Explanation of tolerable risk
RVET EEED Flow or extraction S| 2| % 28823 T New critical m | @peliEaie Ry
within WRP . Current critical mechanisms | = - | S oLc£| T— £ Strategies ; = and
characteristic () > ~ Co=| Ox = mechanisms - . . .
area 2 X~ ® |Cnl| S v S c Explanation of why risk cannot be evaluation
S| = x % 5E “_ac'a = = XS, addressed
o= | 2 r; g
= @
for 04
Reserve all water above Limit consumptive water None required — risks Risk inherent to regulated river reaches.
. the lona- To extractions in the WRP area to the tolerabl Zero flow periods cannot be scheduled
Macquarie e long-term average annual = i i are tolerable. due to dam operational constraints and MER planned
; . ion limit (LTAAEL) for ) = '® | predefined share of available water. _ p :
River at Zero flow periods extraction limit ( VH | H H H/H H 3] N/A for WSP
. . oS Q@ : . requirements to deliver water orders and e
Narromine the environment as PEW. lole) Protect a portion of high flow ) ) objectives
grF events in the Macquarie-Castlereagh BLR (stock and domestic) replenishment
Supplementary access to flows.
natural flow events limited as WRP area.
per the WSP for the Macquarie Provide discretionary Risk inherent to regulated river reaches.
Macquarie and Cudgegong Regulated environmental watering events in the Base flows cannot be scheduled due to MER planned
Ri d t Base-flow or Low Rivers Water Source 2016. v | e Bl H/H H D; regulated river and downstream N/A dam operational constraints and ¢ ng
Nglrerg;ine Flows Announced events only when F(ii) | unregulated river sections of the requirements to deliver water orders and oobr'ectives
flow exceeds 5000ML/day WRP area. BLR (stock and domestic) replenishment I
above other listed _ flows
requirements at Warren. Manage enVIronmentgl Water to
. meet flow targets specified in the .
Planned Environmental S o | Macquarie LTWP Water ordering patterns have altered the
. O = . . oo .
Macquarie Water Sub Allowance 1 £2 duration and timing of freshes leading to MER planned
River at Fresh Flows Translucent releases from VH | H+* | H H/H H “_GO_J b N/A | unnaturally long events in summer due to | for WSP
Narromine Burrendong Dam o0 irrigation water delivery and fewer events | objectives
Strategic use of o in winter due to capture by the dam.
environmental water allowance
Sub Allowance 2 Active as Water ordering patterns have altered the
Macquarie High and directed by Environmental § 9 duration and timing of bank full events to | \ -0
acq Infrequent Flows - | Flows Reference Group. . = © unnaturally long events in summer and P
River at : VH | H- H H/H H 0 5 N/A L2 . for WSP
. Bank Full 1.5 years - Coordinate release of -l fewer events in winter. The ability to -
Narromine . ® 0 o e . objectives
ARI environmental water allowance akr mitigate the likelihood is low, hence the
(EWA) and held environmental risk is tolerable
water with natural flow events.
. High and CEWH and NSW OEH T o River regulation, water ordering patterns,
Macquarie | held environmental water £ and third party inundation risks prevent an | MER planned
. nfrequent Flows - = ® . !
River at Over Bank 2.5 entitlements in the Macquarie | VH | H-* | H H/H H 253 N/A | increase in the frequency of 2.5 ARl flows | for WSP
Narromine years AR Cudgegong Regulated River £ The ability to mitigate the likelihood is low, | Obiectives
Water Source (Regulated hence the risk is tolerable
River (High Security), River re i i
; gulation, water ordering patterns,
i Regulated River (General T o ; ; on ri
acqure |1 s | Secury. Suplementary
River at Over Bank 5.0 Water) are discretionally used | VH | M-* |=°H H/H H S N/A - requency ots _ for WSP
Narromine ) for environmental flow o ©° The ability to mitigate the likelihood is low, | objectives
years ARI atk h the risk is tolerabl
outcomes. ence the risk is tolerable
M Limit consumptive water G Risk inherent to regulated river reaches.
Reserve all water above T o g(tractions in thg WRP area to the None required — risks Zero flow periods cannot be scheduled
- the long-term average annual £3 . . are tolerable. due to d tional traints and MER planned
Macquarie Zero fl iod ST VH | H H | H/INA H & '® | predefined share of available water. N/A ue 1o dam operational constraints an for WSP
River at Gin Gin | <€'0 'oW periods extraction limit (LTAAEL) for - S0 . . requirements to deliver water orders and or W
the environment as PEW. g s Protect a portion of high flow BLR (stock and domestic) replenishment | ©Piectives
Supplementary access to W;gz;r;;he Macquarie-Castlereagh flows.
natural flow events limited as ’
per the WSP for the Macquarie Provide discretionary Risk inherent to regulated river reaches.
and Cudgegong Regulated T o | environmental watering events in the Base flows cannot be scheduled due to
Macquarie Base-flow or Low Rivers Wa(tjer Source |201€;]. VH | H+* H H/H H % 'fg regulated river and doyv nstream N/A dam operational constraints and xF\I/?VgEnned
River at Gin Gin | Flows ,fOI\nnounce devents on/;(;w en 5 e unregulated river sections of the requirements to deliver water ordersand | . o
ow exceeds 5000ML/day g~ | WRParea. BLR (stock and domestic) replenishment I

above other listed
requirements at Warren.

Manage environmental water to

flows
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] = REGULATED SYSTEM
- 5
@ 85 i =3 IS i i
e | o 2 |525| 85 ° o Explanation of tolerable risk
RVET EEED Flow or extraction 21 8 5 |288| 23 T New critical m | @peliEaie Ry
within WRP . Current critical mechanisms | = - | S oLc£| T— £ Strategies ; = and
characteristic () > ~ Co=| Ox = mechanisms - . . .
area 2 X~ w |99 Ll o S c Explanation of why risk cannot be evaluation
| J | & |85=| B~ = T | addressed
© 8 | ¢ 3 8
a = iz
Planned Environmental meet flow targets specified in the
Water Sub Allowance 1 Macquarie LTWP. deri h itered th
Translucent releases from T Water ordering patterns have altered the
. cC QO
Macauarie Burrendong Dam £ duration and timing of freshes leading to MER planned
Rive? at Gin Gin | Fresh Flows _ VH | H+* | ' H H/H H ;a;a 5 N/A | unnaturally long events in summer due to | for WSP
Strategic use of o0 irrigation water delivery and fewer events | objectives
environmental water _allowance o in winter due to capture by the dam.
Sub Allowance 2 Active as
directed by Environmental
Flows Reference Group.
. - Coordinate release of = Water ordering patterns have altered the
. ngh and environmental water allowance 8 % duration and tlmlng of bank full events to MER planned
Macquarie Infrequent Flows - (EWA) and held environmental | vy | g+ | H H/H H = N/A unnaturally long events in summer and for WSP
River at Gin Gin | Bank Full 1.5 years | water with natural flow events. 3 % fewer events in winter. The ability to objectives
ARI akF mitigate the likelihood is low, hence the
8 cewrt ar oW OFH
entitlements in the Macquarie
Cudgegong Regulated River River regulation, water ordering patterns,
) Water Source (Regulated - and third party inundation risks prevent an
_ High and River (High Security), o2 increase in the frequency of 2.5 ARI flows | \ER planned
vacquarie | ireduent Plows - | Regulated River (General VH|H*| H | HH | H | §% N/A | The ability to mitigate the likelihood is low, | for WSP
: Security, Supplementary o hence the risk is tolerable objectives
years ARI Water) are discretionally used atb
for environmental flow
outcomes.
) = River regulation, water ordering patterns,
_ High and o2 and third party inundation risks prevent an | \eR planned
'\R/li?/(;?l:i?nGein i Ion:‘/reerqggzlt(lgl%ws - VH | M= | H H/H H E g N/A | increase in the frequency of 5 ARI flows for WSP
AR ) ©© The ability to mitigate the likelihood is low, | objectives
years ah hence the risk is tolerable
i§ Limit consumptive water i i
Reserve all water above @ Limit consump None required — risks Risk inherent to regulated river reaches.
the long-term average annual - extractions in the WRP area to the are tolerable ,
Macquarie extraction limit (LTAAEL) for © 2 | predefined share of available water. . Zero flow periods cannot be scheduled MER planned
A . ) = © . . due to dam operational constraints and
RlV(_ar at Warren | Zero flow periods the environment as PEW. VH | H+* | H H/H H 25 Protgct e; p:\)/lrtlon of hlg(l':‘l flo;/v A N/A requirements to deliver water orders and for_WS_P
Weir Supplementary access to = \e/\‘/’ggz :2; e Macquarie-Castlereag BLR (stock and domestic) replenishment | OPiectives
natural flow events limited as : flows.
pe(rjtge (\jNSP for tF?e Mlacq(l;arle Provide discretionary .
and Lu gegogg eguzgtes environmental watering events in the
Elvers Wa(tjer ource | 1h' regulated river and downstream Risk inherent to regulated river reaches.
, nnounced events ony when B o | unregulated river sections of the Base flows cannot be scheduled due to
Macquarie Base-flow or Low | oW exceeds S000ML/day & @ | WRParea dam operational constraints and MER planned
River at Warren | -, above other listed VH | H+* | H H/H H “_g) 5 N/A op s to deli ter ord q | forwsp
Weir ows requirements at Warren. 0 Manage environmental water to requirements to ceiver water orders an objectives
- PP BLR (stock and domestic) replenishment
Planned Environmental o meet flow targets specified in the f
Water Sub Allowance 1 Macquarie LTWP. ows
Translucent releases from EJ Protect the connectivity between
Burrendong Dam the regulated water source and _
_ Strategic use of S o downstream connected unregulated Wate_r orderlng patterns have aItere_zd the
I\R/I_acquar\lz Frosh Fl environmental water allowance . o y £3 water sources of the WRP area. A duration ﬁn? timing of frgshes Ieadlgg to ;\/IE\I/RV gl:nned
iver at Warren resh Flows Sub Allowance 2 Active as + D 5 . o unnaturally long events in summer due to or
Weir directed by Envi tal B | B Protect tributary flows within the irrigation water delivery and fewer events | objectives
Irected by Environmenta ak WRP area as they move from the

Flows Reference Group.
- Coordinate release of

unregulated water source into the

in winter due to capture by the dam.
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] = REGULATED SYSTEM
. 2 S =
0] [3) B © =y = i i
2| 3 2 |525| 85 o o Explanation of tolerable risk
Rl_ve_r reach Flow or extraction . . S g IS E g 8 =3 o . New critical @ application enleling
within WRP . Current critical mechanisms o | = - | S oLc£| T— £ Strategies ; = and
characteristic () > ~ Co=| Ox = mechanisms . . .
area 2 X~ ® |Cnl| S v S c Explanation of why risk cannot be evaluation
S| 2| e % 5E I = = addressed
o< ) ' §
for 04
environmental water allowance regulated river water source. Water ordering patterns have altered the
Macauarie High and (EWA) and held environmental ? % duration and timing of bank full events to MER planned
Rive(: at Warren Infrequent Flows - water with natural flow events. VH | M=+ | H H/H H % I N/A unnaturally long events in summer and for ng
- Bank Full 1.5 years 5 Q fewer events in winter. The ability to e
Weir CEWH and NSW OEH G o S . objectives
ARI held environmental water ar mltlgate the likelihood is low, hence the
entitlements in the Macquarie risk is tolerable
_ High and Cudgegong Regulated River T River regulation, water ordering patterns,
Macquarie Infrequent Flows - | Water Source (Regulated £3 and third party inundation risks prevent an | MER planned
River at Warren | - ~'o” ko5 River (High Security), VH| L-* | M H/H M L5 N/A | increase in the frequency of 2.5 ARI for WSP
Weir years ARI Regulated River (General gpo flows. The ability to mitigate the likelihood | objectives
Security, Supplem_entary o is low, hence the risk is tolerable
High and }Nater).are dlsctreltlftlnnally used T o River regulation, water ordering patterns,
Macquarie | Ifg e t FI oourtcegr\gre%nmena o _q‘:_J ] _and third _partyinundation risks prevent an | MER planned
River at Warren | J0edie s FLOS ' VH[L*| M | HH | M %5 N/A | increase in the frequency of 5 ARI flows | for WSP
Weir ' eo The ability to mitigate the likelihood is low, | objectives
years ARI gk o
hence the risk is tolerable
Reserve all water above - Limit_ con_sunrw]ptive water A ;isk ifllwherent.tooI regulatedbriver r:egc:w%s.
. the long-term average annual o Q extractions in the WRP area to the ero flow periods cannot be schedule
Macquarie ) g-rerm. v E 8 | predefined share of available water. due to dam operational constraints and MER planned
River d/s Zero flow periods extraction limit (LTAAEL) for M | H+* [ H H/H H o N/A : : for WSP
_ p . 30 : : requirements to deliver water orders and S
Marebone Weir the environment as PEW. 25 Protect a portion of high flow ) . objectives
Supplementary access to & & | events in the Macquarie-Castlereagh E(')—VSS(StOCk and domestic) replenishment
natural flow events limited as WRP area. '
er the WSP for the Macquarie ; i ;
P d RrOV|de dlscretlongry . Risk inherent to regulated river reaches.
and Cudgegong Regulated T o | environmental watering events in the i _ Base fl t be scheduled due t
Macquarie Rivers Water Source 2016. 25 | regulated river and downstream None required — risks ase 1lows cannot be scheduled due to MER planned
River d/s Base-flow or Low Announced events only when YRR H/H H = g unregulated river sections of the are tolerable. N/A dam_operatlonal constraints and for WSP
Marebone Weir | F1OWs flow exceeds 5000ML/day B3 | WRP area. requirements to deliver water orders and objectives
above other listed gk BLR (stock and domestic) replenishment
requirements at Warren. Manage environmental water to flows
; meet flow targets specified in the
Planrtl)egllEnV|ronrnlental = Macquarie LTWP. Water ordering patterns have altered the
Macquarie aterl Su olwance ; 2 k= . duration and timing of freshes leadingto | MER planned
River d/s Fresh Flows Translucent releases from M | H+ [ H H/H H 2 S B Protect the connectivity between N/A | unnaturally long events in summer due to | for WSP
Marebone Weir Burrendong Dam @5 | theregulated water source and irrigation water delivery and fewer events | objectives
Strategic use of a & | downstream connected unregulated in winter due to capture by the dam.
en\grolr:mental water allowance water sources of the WRP area. Water ordering patterns have altered the
, High and Sub Allowance 2 Active as B Protect tributary flows within the duration and timing of bank full events to
Macquarie Infre _ | directed by Environmental -
; quent Flows * WRP area as they move from the unnaturally long events in summer and No MER
River d/s Flows Reference Group. M L- L H/H N/A N/A . N/A LI .
. Bank Full 1.5 years unregulated water source into the fewer events in winter. The ability to planned
Marebone Weir - g oy ny .
ARI - Coordinate release of regulated river water source. mitigate the likelihood is low, hence the
environmental water allowance risk is tolerable
EWA) and held environmental : ; :
High and \(/vaterzlvith natural fl\gw events River regulation, water ordering patterns,
M.acquarie Infrequent Flows - ) and third party inundation risks prevent an No MER
River d/s Over Bank 2.5 CEWH and NSW OEH M | L* | L H/H N/A N/A None required — risks N/A | increase in the frequency of 2.5 ARI flows planned
Marebone Weir | /o ARl hel%ile”"'“;“met’;]ta'l\‘/’l"ater , are low. The ability to mitigate the likelihood is low,
?:Tjéigeeng;gzgs IIQnegueIatea(leglij\f‘élre hence the risk is tolerable
Water Source (Regulated River regulation, water ordering patterns,
. High and River (High Security), gnd third party inundation risks prevent an
Macquarie Infrequent Flows - Regulated River (General increase in the frequency of 5 ARI flows No MER
River d/s Over Bank 5.0 Security, Supplementary M | LO L H/H N/A N/A N/A | The ability to mitigate the likelihood is low, planned

Marebone Weir

years ARI

Water) are discretionally used
for environmental flow
outcomes.

hence the risk is tolerable
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] = REGULATED SYSTEM
Q S o
O — £2) = =
° | - o |[S o ©— o o Explanation of tolerable risk
. c o c QT | = — . X .
RVET EEED Flow or extraction S| 2| % 28823 T New critical m | @peliEaie I
within WRP . Current critical mechanisms | = - | S oLc£| T— £ Strategies ; = and
characteristic () > ~ Co=| Ox = mechanisms - . . .
area 2 X~ ® |Cnl| S v S c Explanation of why risk cannot be evaluation
S| = x % 5E “_ac'a = = XS, addressed
o< | o x 4
o @ o
Limit consumptive water None required — risks Risk inherent t ated ri o
= extractions in the WRP area to the are tolerable. ISk Inherent 1o regulated river reaches.
Macquarie Reserve all water above © 2 | predefined share of available water. Zero flow periods cannot be scheduled MER planned
. . the long-term average annual = . . due to dam operational constraints and p
River at Oxley Zero flow periods 2 VH | H- H H/H H o = Protect a portion of high flow N/A ; ; for WSP
- extraction limit (LTAAEL) for S e i the M ie-Castl h requirements to deliver water orders and S
Station the environment as PEW. £ S\\/’;gtz :2; e Macquarle-Castlereag BLR (stock and domestic) replenishment | ©Piectives
Supplementary access to o _ flows.
natural flow events limited as Provide discretionary _
and Cudgegong Regulated regulated river and downstream Risk inherent to regulated river reaches.
Macquarie Rivers Water Source 2016. @ @ | unregulated river sections of the Base flows cannot be scheduled due to MER olanned
acq Base-flow or Low Announced events only when £ 3 WRP area. dam operational constraints and P
River at Oxley = fl ds 5000ML/d VH | H- H H/H H L5 N/A . ts to deli t d d for WSP
Station ows ow exceeds ay 23 Manage environmental water to requirements to deliver water orders an objectives
abov_e other listed akF meet flow targets specified in the BLR (stock and domestic) replenishment
requirements at Warren. Macquarie LTWP. flows
Planned Environmental o
Water Sub Allowance 1 B Protect the connectivity between
Translucent releases from the regulated water source and ]
. Burrendong Dam 8 o downstream connected unregu|ated Wate.r orderlng patterns have altergd the
Macquarie _ E % water sources of the WRP area. duration and timing of freshes leading to MER planned
River at Oxley Fresh Flows Strategic use of VH | H+* | H H/H H o 5 ) o N/A unnaturally long events in summer due to | for WSP
Station environmental water allowance g 5 £ Protect tributary flows within the irrigation water delivery and fewer events | objectives
Sub Allowance 2 Active as [ WRP area as they move from the in winter due to capture by the dam.
directed by Environmental unregulated water source into the
Flows Reference Group. regulated river water source.
. Water ordering patterns have altered the
. - Coordinate release of - : 5 P
Macquarie :_r|1|fgrg "tnedm Flows - environmental water allowance 2 % Sgﬁgapaﬁn?otr;mIgge%ftg?r?l;lﬂlrﬁgfgws dto MER planned
River at Oxley Banquu” L5 vears | (EWA) and held envionmental | VH | L+ | M | H/H M g5 NA | e evezts ingwimer The abilt to for WSP
Station Y water with natural flow events. o W nv . \ objectives
ARI gr mitigate the likelihood is low, hence the
CEWH and NSW OEH risk is tolerable
held environmental water Ri lati i deri it
. High and entitlements in the Macquarie B o Iver regulation, water ordering patterns,
Macquarie : £ and third party inundation risks prevent an | MER planned
River at Oxle Infrequent Flows - Cudgegong Regulated River VH | L-* M H/H M B8 N/A increase in the frequency of 2.5 ARI flows | for WSP
- y Over Bank 2.5 Water Source (Regulated S0 q y . ‘WS
Station years AR| River (High Security), Se The ability to mitigate the likelihood is low, | Objectives
Regulated River (General hence the risk is tolerable
) Security, Supplementary S o River regulation, water ordering patterns,
Macquarie :—hfgh a”dt o Water) are discretionally used 235 and third party inundation risks prevent an | MER planned
River at Oxley gvrsgéggk S%WS ) fortenr\::ronmental flow VH| L* | M | HH M I N/A | increase in the frequency of 5 ARI flows | for WSP
Station ' outcomes. 05 The ability to mitigate the likelihood is low, | objectives
years ARI akF L
hence the risk is tolerable
i§ Limit consumptive water ; i
Reserve all water above g(tractions n thg WRP area to the None required — risks Risk inherent to regulated river reaches.
, the long-term average annual S defined share of available wat are tolerable. Zero flow periods cannot be scheduled
Gunningbah ) extraction limit (LTAAEL) for £ precetined s ar(.e ° ava_l ab'e water. due to dam operational constraints and MER planned
Creek below Zero flow periods the environment as PEW. H H- H H/H H 253 Protect ﬁ p:\)/lrtlon of hlgg flolvv A N/A requirements to deliver water orders and for_WS_P
regulator Supplementary access to £e 3\‘/’22}5 In the Macquarie-Castlereag BLR (stock and domestic) replenishment | OPjectives
natural flow events limited as area. flows.
per the WSP for the Macquarie Provide discretionary
ar_1d Cudgegong Regulated environmental watering events in the
Rivers Water Source 2016. regulated rivgr and doyvnstream Risk inherent to regulated river reaches.
Gunninabah Announced events only when B o unregulated river sections of the Base flows cannot be scheduled due to MER planned
9 Base-flow or Low | flow exceeds 5000ML/day =8 | WRParea. dam operational constraints and P
Creek below above other listed H H- H H/H H (O N/A . . for WSP
Flows h S Q M . | requirements to deliver water orders and e
regulator requirements at Warren. ©© anage environmental water to BLR (stock and d i lenish i objectives
@ & | meet flow targets specified in the (stock and domestic) replenishmen

Planned Environmental
Water Sub Allowance 1

Macquarie LTWP.

flows
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] - REGULATED SYSTEM

Q S o
O — £2) = =
© | o o |§e5| 8= S o Explanation of tolerable risk
RVET EEED Flow or extraction 21 8 5 |2388] 2 % T New critical m | @peliEaie Ry
within WRP . Current critical mechanisms | = - | S oLc£| T— £ Strategies ; = and
characteristic () > ~ Co=| Ox = mechanisms - . . .
area 2 X~ ® |Cnl| S v S c Explanation of why risk cannot be evaluation
|~ | € = 5= T = ) addressed
o< | o x 4
o @ o
Translucent releases from & Protect the connectivity between
Burrendong Dam the regulated water source and Water ordering patterns have altered the
. i Bo downstream connected unregulated . J K ;
Gunningbah Strateglc use of 2 S | water sources of the WRP argea duration and timing of freshes leading to MER planned
Creek below Fresh Flows environmental water allowance | | y. |4 H/H H 35 : N/A | unnaturally long events in summer due to | for WSP
regulator Sub Allowance 2 Active as © 0 £ Protect tributary flows within the irrigation water delivery and fewer events | objectives
directed by Environmental a WRP area as they move from the in winter due to capture by the dam.
Flows Reference Group. unregulated water source into the
- Coordinate release of regulated river water source. .
. environmental water allowance = Wate.r orderlng patterns have altered the
Gunningbah High and (EWA) and held environmental o g duration and timing of bgnk full events to MER planned
Creek below IBrlfreI(cqgelr;tlFéows - water with natural flow events. H H- H H/H H = g N/A ;mnaturallytlo_ng e_vtents _Il_r;] surg_mert and for WSP
ank Full 1.5 years °cQ ewer events in winter. The ability to L
regulator ARI CEWH and NSW OEH g 2 mitigate the likelihood is low, hence the objectives
held environmental water risk is tolerable
entitlements in the Macquarie - - -
_ High and Cudgegong Regulated River o River regulation, water ordering patterns,
Gunningbah | Water Source (Regulated £ and third party inundation risks prevent an | MER planned
nfrequent Flows - (Regulate E3 . .
Creek below Over Bank 2.5 River (High Security), H | H- H H/H H L5 N/A | increase in the frequency of 2.5 ARl flows | for WSP
regulator years ARI Regulated River (General g 2 The ability to mitigate the likelihood is low, | Obiectives
Security, Supplementary hence the risk is tolerable
, Water) are discretionally used 5 . River regulation, water ordering patterns,
Gunningbah High and for environmental flow o2 and third party inundation risks prevent an | MER planned
Creek below g\f,rffégﬂg%ws - | outcomes. Hl H | H H/H H E g N/A | increase in the frequency of 5 ARI flows for WSP
regulator ' oo The ability to mitigate the likelihood is low, | objectives
years ARI atk -
hence the risk is tolerable
i§ Limit consumptive water ; i
Reserve all water above g(tractions in thg WRP area to the None required —risks Risk inherent to regulated river reaches.
. e are tolerable. ;
Gunningbah the Ion.g-term.average annual 5 % predefined share of available water. Zero flow periods qannot be scheduled MER olanned
Creek d/s . extraction limit (LTAAEL) for = b . £ hiah fi due to dam operational constraints and P
Gunningbah Zero flow periods the environment as PEW. H | H [ H H/H H 2o r;)te_cttﬁ p'c\JArtlon orl IgC ?IW o N/A | requirements to deliver water orders and | for WSP
Weir Supplementary access to g o | evenisinthe Macquarie-L.astiereag BLR (stock and domestic) replenishment | OPiectives
pp y ac o WRP area. flows
natural flow events limited as _ _ ) :
per the WSP for the Macquarie Provide discretionary
and Cudgegong Regulated environmental watering events in the
Rivers Water Source 2016. regulated river and downstream Risk inherent to regulated river reaches.
Gunningbah Announced events only when @ @ | unregulated river sections of the Base flows cannot be scheduled due to MER planned
Creek d/s Base-flow or Low | flow exceeds 5000ML/day . &8 | WRParea dam operational constraints and P
_ . H | H+ H H/H H 5 O N/A . . for WSP
Gunningbah Flows above other listed 29 Manage environmental water to requirements to deliver water orders and biecti
i requirements at Warren. s g P BLR (stock and domestic) replenishment | ° Jectives
Weir o meet flow targets specified in the
Planned Environmental Macquarie LTWP. flows
Water Sub Allowance 1 o
Translucent releases from B Protect the connectivity between
Burrendong Dam the regulated water source and )
Gunningbah S . ¢ 2 o downstream connected unregulated Water ordering patterns have altered the
j Strategic use o c 0 water sources of the WRP area. duration and timing of freshes leading to MER planned
Creek d/s tal water all =] .
Gunninabah Fresh Flows environmental water allowance | | H. [ H H/H H 35 ] o N/A | unnaturally long events in summer due to | for WSP
elr directed by Environmental ak WRP area as they move from the in winter due to capture by the dam.
Flows Reference Group. unregulated water source into the
- Coordinate release of regulated river water source. i
_ _ environmental water allowance _ Water orderlng patterns have altered the
Gunningbah High and (EWA) and held environmental o2 duration and timing of b{ank full events to MER planned
Creek d/s Infrequent Flows - | water with natural flow events. | H | H- | H H/H H S0 N/A | Unnaturally long events in summer and for WSP
Gunningbah Bank Full 1.5 years =B CEWH and NSW OEH 3 % fewer events in winter. The ability to obiectives
Weir ARI E12 an aF mitigate the likelihood is low, hence the d

held environmental water

risk is tolerable
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] - REGULATED SYSTEM

< S o
O — £2) = =
° | - o |[S o ©— o o Explanation of tolerable risk
. c o c QT | = — . X .
RVET EEED Flow or extraction S| 2| % 28823 T New critical m | @peliEaie I
within WRP . Current critical mechanisms | = - | S oLc£| T— £ Strategies ; = and
characteristic () > ~ Co=| Ox = mechanisms - . . .
area 2 X~ ® |Cnl| S v S c Explanation of why risk cannot be evaluation
S| 2| e % 5E I = = addressed
o< | o x 4
o @ o
Gunninabah High and entitlements in the Macquarie S o River regulation, water ordering patterns,
Creek (?/s Infgre Lent Flows - Cudgegong Regulated River = 5 and third party inundation risks prevent an | MER planned
. g Water Source (Regulated H | H | H H/H H o5 N/A | increase in the frequency of 2.5 ARI flows | for WSP
Gunn|ngbah Over Bank 2.5 River (H|gh Secu”ty) 8 Q » . i . . biecti
Weir years AR Regulated River (Ger,1era| £ 2 The ability to mitigate the likelihood is low, | OPIECUVES
- hence the risk is tolerable
Security, Supplementary
. . Water) are discretionally used S River regulation, water ordering patterns,
Gunningbah High and for environmental flow o2 and third party inundation risks prevent an | MER planned
gLenenkind/Eah Ion\f/reegggglt(l;l%ws ) outcomes. H H- H H/H H E g N/A increase in the frequency of 5 ARI flows for WSP
ning ' ©5 The ability to mitigate the likelihood is low, | objectives
Weir years ARI gF U
hence the risk is tolerable
(Y Limit consumptive water i i
g(tractions in thg WRP area to the None required — risks Risk inherent to regulated river reaches.
ko] N ¢ are tolerable. Z fl iod tb heduled
© 2 | predefined share of available water. €ro tlow periods cannot be scheduie MER planned
Duck Creek at . = ® . . due to dam operational constraints and p
Offtake Zero flow periods L H- M H/H M 5 Protect a portion of high flow N/A requirements to deliver water orders and for WSP
Reserve all water above ) events in the Macquarie-Castlereagh BLR (stock and domestic) replenishment objectives
the long-term average annual o WRP area. flows
extraction limit (LTAAEL) for . ) '
the environment as PEW. Provide discretionary
= I environmental watering events in the
;‘fﬁgﬁ@ig}}?&%ﬁi;zg regulated river and downstream Risk inherent to regulated river reaches.
or the WSP for the Macquarie @ @ | unregulated river sections of the Base flows cannot be scheduled due to MER olanned
Duck Creek at | Base-flowor Low | P d Cud | q g . / £§ | WRParea. / dam operational constraints and ¢ b
Offtake Flows an Cudgegong Regulate L | H+ b H/H b ) ; N/A requirements to deliver water orders and or.WS.P
Rivers Water Source 2016. D © Manage environmental water to BLR (stock and d i lenishment | OPiectives
Announced events only when at meet flow targets specified in the f (stock and domestic) replenishmen
flow exceeds 5000ML/day Macquarie LTWP. ows
zri:ot\fi?e(r)rﬁgirt.shsatte\(learren B Protect the connectivity between
d ) ' the regulated water source and ]
Planned Environmental T ¢ | downstream connected unregulated Water ordering patterns have altered the
Duck Creek at Water Sub Allowance 1 £ S | water sources of the WRP area. duration and timing of freshes leading to MER planned
Offtake Fresh Flows Translucent releases from L H- M H/H M L5 ) o N/A unnaturally long events in summer due to | for WSP
Burrendong Dam o 5.\/;’;0@“ trlbutthary flows \;V'th'nﬂt]he irrigation water delivery and fewer events | objectives
; o area as they move trom the in winter due to capture by the dam.
Strategtlclusetof I unregulated water source into the
en\ngIr?men a v;a:r allowance regulated river water source.
Sub Allowance 2 Active as Water ordering patterns have altered the
High and directed by Environmental 2 o duration and timing of bank full events to | |\
Duck Creek at | Infrequent Flows - | Flows Reference Group. R HIH o % 3 N/a | unnaturally long events in summer and for ng
Offtake Bank Full 1.5 years - Coordinate release of 52 fewer events in winter. The ability to obiectives
ARI environmental water allowance akF mitigate the likelihood is low, hence the )
(EWA) and held environmental risk is tolerable
water with natural flow events. River regulation, water ordering patterns,
_ CEWH and NSW OEH = and third party inundation risks prevent an
High and held environmental water o % increase in the frequency of 2.5 ARI flows | \ER planned
Duck Creek at Infrequent Flows - entitlements in the Macquarie = © " i deali ;
Offtake Over Bank 2.5 Cud lated Ri L H- M H/H M L5 N/A | The ability to mitigate the likelihood is low, | for WSP
- udgegong Regulated River ) hence the risk is tolerable objectives
years ARI Water Source (Regulated ar
River (High Security),
Regulated River (General
Security, Supplem_entary River regulation, water ordering patterns,
' Water) are discretionally used - and third party inundation risks prevent an
High and for environmental flow 2 increase in the frequency of 5 ARI flows MER planned
- mes. = p
Duck Creek at | Infrequent Flows - | outco LIH | M HH| M B8 N/A | The ability to mitigate the likelihood is low, | for WSP
Offtake Over Bank 5.0 - 8% e ability to mitigate the likelihood is low, | for WS
: ®© hence the risk is tolerable objectives
years ARI ak
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] - REGULATED SYSTEM

Q S o
O — £2) = =
© | o o |§e5| 8= S o Explanation of tolerable risk
RVET EEED Flow or extraction 21 8 5 |2388] 2 % T New critical m | @peliEaie Ry
within WRP . Current critical mechanisms | = - | S oLc£| T— £ Strategies ; = and
characteristic () > ~ Co=| Ox = mechanisms - . . .
area 2 X~ ® |Cnl| S v S c Explanation of why risk cannot be evaluation
S| 2| e % 5E I = = addressed
o< | o x 4
o @ o
Limit consumptive water None required — risks o _
- extractions in the WRP area to the are tolerable Risk |nherent.to regulated river reaches.
o Reserve all water aboveI 8 2 | predefined share of available water. : gerotflc:jw periods tc_annlot be tschetdule(cji MER planned
Crooked River . the long-term average annua = . . ue to dam operational constraints an
at profile Zero flow periods extraction limit (LTAAEL) for VH | H- H H/H H 8% Protect ﬁ portion of hlgch flo;/v A N/A requirements to deliver water orders and for WSpP
the environment as PEW. £ S\\/';rg;g; e Macquarie-Castlereag BLR (stock and domestic) replenishment | OPjectives
Supplementary access to o _ flows.
natural flow events limited as Provide discretionary _
and Cudgegong Regulated regulated river and downstream Risk inherent to regulated river reaches.
Rivers Water Source 2016. ‘@ @ | unregulated river sections of the Base flows cannot be scheduled due to MER olanned
Crooked River | Base-flow or Low | Announced events only when |\ | | . |, H/H u % 8 | WRP area. N/A | dam operational constraints and for ng
at profile Flows flow exceeds.SOOOML/day g % Manage environmental water to requirements to deliver water ord_ers and objectives
abov_e other listed akF meet flow targets specified in the BLR (stock and domestic) replenishment
requirements at Warren. Macquarie LTWP. flows
Planned Environmental o
Water Sub Allowance 1 B Protect the connectivity between
Translucent releases from the regulated water source and ]
Burrendong Dam 8 o downstream connected unregu|ated Wate.r orderlng patterns have altergd the
. c o water sources of the WRP area. duration and timing of freshes leading to MER planned
Crooked River i £ 8 ;
 orofi Fresh Flows Strategic use of VH| H- | H H/H H T = ) o N/A | unnaturally long events in summer due to | for WSP
at protile environmental water allowance B o |8 Protect tributary flows within the irrigation water delivery and fewer events | objectives
Sub Allowance 2 Active as a & | WRP area as they move from the in winter due to capture by the dam.
directed by Environmental unregulated water source into the
Flows Reference Group. regulated river water source. _
High and - Coordinate release of Zo dradon and tming of bank ful events to
Crooked River Infgre uent Flows - environmental water allowance _E % unnaturally lon egents in summer and MER planned
at profile BanquuII 1.5 years (EWA) and held environmental | VH | H-* H H/H H :ch ] N/A fewer evexts ingwinter The ability to for WSP
P Y water with natural flow events. © ©° o S " y objectives
ARI gr mitigate the likelihood is low, hence the
CEWH and NSW OEH risk is tolerable
held environmental water Ri lati t deri tt
High and entitlements in the Macquarie To Iver reguiation, water oraering patterns,
. : £ and third party inundation risks prevent an | MER planned
Crooked River Infrequent Flows - Cudgegong Regulated River VH | H-* H H/H H 58 N/A increase in the frequency of 2.5 ARI flows | for WSP
at profile Over Bank 2.5 Water Source (Regulated T 9 q yote. L
years ARI River (High Security), g ° The ability to mitigate the likelihood is low, | Objectives
Regulated River (General hence the risk is tolerable
) Security, Supplementary S o River regulation, water ordering patterns,
) High and Water) are discretionally used 23 and third party inundation risks prevent an | MER planned
Crooked River | Infrequent Flows - | for environmental flow VH | H* | H H/H H 5 o N/A | increase in the frequency of 5 ARI flows for WSP
at profile Over Bank 5.0 outcomes. - Qo - . - . g
Qo The ability to mitigate the likelihood is low, | objectives
years ARI akF L
hence the risk is tolerable
i§ Limit consumptive water ; i
Reserve all water above g(tractions n thg WRP area to the None required — risks Risk inherent to regulated river reaches.
the long-term average annual g X ; are tolerable. Zero fl iod t be scheduled
AN QL redefined share of available water €r0 Tlow perioas cannot be schedule
Duck Creek u/s ) extraction limit (LTAAEL) for £8 P _ ) ’ due to dam operational constraints and MER planned
Bogan River Zero flow periods the environment as PEW. M H- H H/H H 253 Protect ﬁ p:\)/lrtlon of hlgg flolvv A N/A requirements to deliver water orders and for_WS_P
Junction Supplementary access to £ 3\‘/’5;‘;3 In the Macquarie-Castlereag BLR (stock and domestic) replenishment | OPjectives
natural flow events limited as area. flows.
per the WSP for the Macquarie Provide discretionary
ar_1d Cudgegong Regulated environmental watering events in the
Rivers Water Source 2016. regulated rivgr and doyvnstream Risk inherent to regulated river reaches.
Duck Creek u/s Announced events only when B o unregulated river sections of the Base flows cannot be scheduled due to MER planned
: Base-flow or Low | flow exceeds S5000ML/day . =8 | WRParea. dam operational constraints and P
Bogan River above other listed M | H+ H H/H H D = N/A . . for WSP
. Flows h S Q M . | requirements to deliver water orders and e
Junction requirements at Warren. ©© anage environmental water to BLR (stock and d i lenish i objectives
@ & | meet flow targets specified in the (stock and domestic) replenishmen

Planned Environmental
Water Sub Allowance 1

Macquarie LTWP.

flows
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] = REGULATED SYSTEM
< S o
O — £2) = =
© | o o |§e5| 8= S o Explanation of tolerable risk
RVET EEED Flow or extraction 21 8 5 |2388] 2 % T New critical m | @peliEaie Ry
within WRP . Current critical mechanisms | = - | S oLc£| T— £ Strategies ; = and
characteristic () > ~ Co=| Ox = mechanisms - . . .
area 2 X~ ® |Cnl| S v S c Explanation of why risk cannot be evaluation
S| 2| e % 5E I = = addressed
o< | o x 4
o @ o
Translucent releases from & Protect the connectivity between
Burrendong Dam the regulated water source and Water ordering patterns have altered the
; Bo downstream connected unregulated . J K ;
Duck Creek u/s Strategic use of 2 S | water sources of the WRP argea duration and timing of freshes leading to MER planned
Bogan River Fresh Flows environmental water allowance | |y | H H/H H 35 : N/A | unnaturally long events in summer due to | for WSP
Junction Sub Allowance 2 Active as © 0 £ Protect tributary flows within the irrigation water delivery and fewer events | objectives
directed by Environmental a WRP area as they move from the in winter due to capture by the dam.
Flows Reference Group. unregulated water source into the
- Coordinate release of regulated river water source. .
Hiah and environmental water allowance o o \éVat?‘roordegntg patterfng h"i‘(vfe lc’lilteredt ”:i
igh an i o Q@ uration and timing of bank full events
Duck Creek u/s (EWA) and held environmental ! ; MER planned
Bogan River | o il s | Viter it natural flowevents. | | 1o [THL WM || S NIA | fower events mvinier. The abilty to | 1o WSP
Junction ARI CEWH and NSW OEH g 2 mitigate the likelihood is low, hence the objectives
held environmental water risk is tolerable
entitlements in the Macquarie - - -
High and Cudgegong Regulated River T o River regulation, water ordering patterns,
Duck Creek u/s | Water Source (Regulated £ and third party inundation risks prevent an | MER planned
; nfrequent Flows - (Regulate £ . .
Bogan River Over Bank 2.5 River (High Security), M | H- H H/H H L5 N/A | increase in the frequency of 2.5 ARl flows | for WSP
Junction years ARI Regulated River (General g 2 The ability to mitigate the likelihood is low, | Obiectives
Security, Supplementary hence the risk is tolerable
, Water) are discretionally used 5 . River regulation, water ordering patterns,
Duck Creek u/s | Highand for environmental flow o2 and third party inundation risks prevent an | MER planned
Bogan River g\f,rffégﬂg%ws - | outcomes. M| H [ H H/H H E g N/A | increase in the frequency of 5 ARI flows for WSP
Junction ' oo The ability to mitigate the likelihood is low, | objectives
years ARI atk o
hence the risk is tolerable
I Limit consumptive water i i
Reserve all water above g(tractions in thg WRP area to the None required —risks Risk inherent to regulated river reaches.
the long-term average annual To ; ; are tolerable. Zero flow periods cannot be scheduled
Bulgeraga g-term g © 2 | predefined share of available water. p : , MER blanned
gerag _ extraction limit (LTAAEL) for £% |p o of high fi due to dam operational constraints and P
Ic?’:irlﬁslz; V\?;rrina Zero flow periods the environment as PEW. VH | H+ [ H H/H H % 5 vgr:?steiﬁttﬁeplc\)/lrztalgnu%rielgcas?;grea o N/A | requirements to deliver water orders and gobr'c\a/\étsi\fes
Supplementary access to gF WRP area. a 9 BLR (stock and domestic) replenishment |
natural flow events limited as o _ flows.
per the WSP for the Macquarie Provide discretionary
and Cudgegong Regulated environmental watering events in the
Rivers Water Source 2016. regulated river and downstream Risk inherent to regulated river reaches.
Bul Announced events only when @ @ | unregulated river sections of the Base flows cannot be scheduled due to MER bl q
wgeraga Base-flow or Low | flow exceeds 5000ML/day . =@ | WRParea dam operational constraints and panne
Creek at ; VH | H- H H/H H o = N/A . . for WSP
o . Flows above other listed c 9 - requirements to deliver water orders and s
Pillicawarrina requirements at Warren ®0o Manage environmental water to BLR (stook and d i lenishment | Obiectives
' & F | meet flow targets specified in the (stock and domestic) replenishmen
EO9 Planned Environmental Macquarie LTWP. flows
Water Sub Allowance 1 o
Translucent releases from B Protect the connectivity between
Burrendong Dam the regulated water source and )
) T downstream connected unregulated Water ordering patterns have altered the
Bulgeraga Strategic use of 2 S | water sources of the WRP area. duration and timing of freshes leading to MER planned
Creek at Fresh Flows environmental water allowance | vy | H+x [ H H/H H 35 ] o N/A | unnaturally long events in summer due to | for WSP
Pillicawarrina Sub Allowance 2 Active as © 5 | B Protect tributary flows within the irrigation water delivery and fewer events | objectives
directed by Environmental @ = | WRP area as they move from the in winter due to capture by the dam.
Flows Reference Group. unregulated water source into the
- Coordinate release of regulated river water source. i
_ environmental water allowance _ Water orderlng patterns have altered the
Bulgeraga High and (EWA) and held environmental o2 duration and timing of b{ank full events to MER planned
Creek at Infrequent Flows - water with natural flow events. | vy | L-* M H/H M =S N/A unnaturally Iopg events in summer and for WSP
Pillicawarrina Bank Full 1.5 years CEWH and NSW OEH 3 % fewer events in winter. The ability to obiectives
ARI an aF mitigate the likelihood is low, hence the d

held environmental water

risk is tolerable
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] = REGULATED SYSTEM
o 5 =
O — o = =
] O o © o = . .
e | o 2 |525| 85 ° o Explanation of tolerable risk
RVET EEED Flow or extraction 21 8 5 |288| 23 T New critical w | EwelieEie Ry
within WRP . Current critical mechanisms | = - | S oLc£| T— £ Strategies ; = and
characteristic Q o) ~ O 0=| Ox = mechanisms — . . .
area 2 X~ w |99 Ll o S c Explanation of why risk cannot be evaluation
g | = 04 % o= "_ac'a = = ) addressed
o< | o x 4
o @ o
High and entitlements in the Macquarie S o River regulation, water ordering patterns,
Bulgeraga Infgre Lent Flows - Cudgegong Regulated River 2 5 and third party inundation risks prevent an | MER planned
Creek at OverqBank Py \é\{ater E"?Uh“g? (Rggt:]ulated VH | L* | M H/H M 35 N/A | increase in the frequency of 2.5 ARI flows | for WSP
Pillicawarrina | Z oo ARy Rle\zlgelzlz(alte% o fgr“(fégﬁeral gpe The ability to mitigate the likelihood is low, | Obiectives
Security, Supplementary hence the risk is tolerable
High and Water) are discretionally used S o River regulation, water ordering patterns,
Bulgeraga Inlf?e ir;m Flows - for environmental flow _9:_’ = _and third _party inundation risks prevent an | MER planned
Creek at OverqBank 50 outcomes. VH| L* | M H/H M 3 g N/A | increase in the frequency of 5 ARI flows for WSP
Pillicawarrina | /o ARl oo The ability to mitigate the likelihood is low, | objectives
o hence the risk is tolerable
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] — UNREGULATED SYSTEM

() S @ < x . .
2 3 2 5 ) GE) 2 Explanation of tolerable risk
Water source : Y o = S o9 = € o = application Monitoring
> = . 900 . =
within WRP ELoav;/aCé:eer?(;ictlon Current critical mechanisms = = g 5 32 § %_ Strategies New critical mechanisms = % OR and
area % é’ é o & E co 5 Explanation of why risk cannot be evaluation
o I x 8Ss5=| o ° addressed
(@) 8 ) x —
Backwate Trade limits or prohibitions —_
Bg Waé:o:/val Zero Flow Periods between surface water plan M f H/M N/A N/A
99y areas, water sources, and c
management zones to manage 03
entitlement growth 23 o
Backwater Base-flow or Low Cease / commence to T S Low to medium flows cannot :
M > = = H/M N/A
Boggy Cowal Flows pump rules for streams. © o g be modelled. Risk cannot be N/A | Low to medium flows cannot be
g3 Z . modelled. Risk cannot be determined
Cease / commence to T g - o . determined
pump rules for in-stream and o 4 Limit consumptive water
off-river pools. Z g extractions in the WRP area to
Backwater Fresh Flows Restrict construction of in- M = H/M N/A the predefined share of available N/A
Boggy Cowal - @ water.
river dams on 3rd order or 8] .
. ~ Protect low flow habitats from
higher streams. -
accelerated rates of drying.
_ @ Protect pools in streams, MER
Backwater High and Infrequent wetlands, lagoons and Tolerable - Recommend frequent planned for
Boggy Cowal Flows - Bank Full 1.5 M H- H- H/M c floodplains within the WRP area H monitoring of WAL activation (impactis | WSP
years ARI during dry periods. likely to occur with growth in use) objectives
Improve knowledge to MER for N4
Trade limits or prohibitions assess risk in unregulated MER
Backwater High and Infrequent between surface water plan sections of the WRP area. N4 — Projects resulting from Tolerable - Recommend frequent planned for
Boggy Cowal Flows - Over Bank areas, water sources, and M H- H- H/M C appllcatlon of risk treatment H monitoring of WAL activation (impactis | WSP
2.5 years AR management zones to manage option C Expert opinion with likely to occur with growth in use) objectives
entitlement growth MER confirmation strategies MER for N4
MER
Backwater High and Infrequent Tolerable - Recommend frequent planned for
Boggy Cowal Flows - Over Bank M M- M- H/M c M monitoring of WAL activation (impactis | WSP
5.0 years ARI likely to occur with growth in use) objectives
MER for N4
N4 — Projects resulting from
application of risk treatment MER
o o option C Expert opinion with lanned for
Trade limits or prohibitions MER confirmation strategies Decision tool indicates risk is not \F;VSP
Bell River Zero Flow Periods between surface water p'é"“ H+ M+ H/IM B/C N5 - Reviews resulting from M tolerable as there is high potential for objectives
areas, water sources, an anplication of risk treatment extraction to impact ecological values
t t i - is MER for N4
ma_nlagemen zonﬁs 0 manage o _ option B Fill knowledge gap / and a river gauge is available. Frequent
entitlement growt Limit consumptive water evaluate effectiveness of likelihood monitoring is recommended. | MER for N5
Cease / commence to extractions in the WRP area to existing strategies Risk largely driven by hydrological
pump rules for streams. the predefined share of available N4 — Projects resulting from change as ecological consequence is
Cease / commence to water. . application of risk treatment low. .
; Protect low flow habitats from pp These risk results cannot be addressed | MER
pump rules for in-stream and ; option C Expert opinion with .
off-river pools. E:celerated rates of drying. MER confirmation strategies during WRP development as NSW planned for
. Base-flow or Low ) ) . Protect pools in streams, ) ) planning principles minimise change for | WSP
Bell River Flows Restrict construction of in- H- M- H/M B/C wetlands, lagoons and N5 - Reviews resulting from M WSPs within their initial ten year period | objectives
river dams on 3rd order or floodplains within the WRP area | application of risk treatment to provide certainty for water users. MER for N4
higher streams. during dry periods. option B Fill knowledge gap /
Improve knowledge to evaluate effectiveness of MER for N5
assess risk in unregulated existing strategies
sections of the WRP area.
Bell River Fresh Flows Trade limits or prohibitions L-* L-* HIM N/A None required — risks are N/A None required — risks are low
between surface water plan low
areas, water sources, and
High and Infrequent management zones to manage _ ]
Bell River Flows - Bank Full 1.5 | entitlement growth LO L° H/M N/A None required —risks are N/A None required — risks are low

years ARI

low
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] — UNREGULATED SYSTEM

o o @ = x~ ; .
g 3 =2 = = GE) & Explanation of tolerable risk
Water source . o o = S o9 = € o — application Monitoring
within WRP Flow or e>_<tr§ct|on Current critical mechanisms = = o = 3§ 3 2 Strategies New critical mechanisms =9 OR and
characteristic o 3 x o @ = s & co ; ; ;
area o X © ©nd | TO % — | Explanation of why risk cannot be evaluation
o i [v4 8SS5=| o ) addressed
O T O x =
o —
High and Infrequent . .
Bell River Flows - Over Bank LO L° H/M N/A lNone required — risks are N/A None required — risks are low
2.5 years ARI ow
High and Infrequent . .
Bell River Flows - Over Bank LO L° H/M N/A lNone required — risks are N/A None required — risks are low
5.0 years ARI ow
Bulbodney Zero Flow Periods Trade limits or prohibitions | iy | [+ L+ HIM N/A None required —risks are N/A | None required — risks are low
Grahway Creek between surface water plan low q
areas, water sources, and
management zones to manage
entitlement growth . - S
Cease | commence to ] ] Decision tool indicates risk is not
e for atram N4 — Projects resulting from tolerable as there is high potential for
pump : application of risk treatment extraction to impact ecological values
Cease / commence to option C Expert opinion with and a river gauge is available. Frequent | MER
Bulbodney Base-flow or Low pump rules for in-stream and Limit_ con_sumptive water MER confirmation strategies likelihood monitoring is recommended. planned for
Grahway Creek | Flows off-river pools. H H-* H-* H/M B/IC extractions in the WRP area to N5 - Reviews resulting from H WsP
Restrict construction of in- the predefined share of available | application of risk treatment These risk results cannot be addressed | objectives
river dams on 3rd order or water. . option B Fill knowledge gap / during WRP development as NSW MER for N5
higher streams. Protect low flow habitats from | evaluate effectiveness of planning principles minimise change for
accelerated rates of drying. existing strategies WSPs within their initial ten year period
@ Protect pools in streams, to provide certainty for water users.
wetlands, lagoons and
floodplains within the WRP area
Bulbod ging dry periods.
ulbodney ik] Improve knowledge to None required — risks are . .
Fresh Flows H L-* L-* H/M N/A p g q N/A | None required — risks are low
Grahway Creek assess risk in unregulated low q
sections of the WRP area.
- Trade limits or prohibitions
High and Infrequent . .
Bulbodney between surface water plan o None required — risks are ) )
Grahway Creek FL%VXSSARBFnk Full 1.5 areas, water sources, and H L0 L HIM N/A low N/A None required — risks are low
Y management zones to manage
High and Infrequent entitlement growth i i
Bulbodne o - . .
y Flows - Over Bank H LO L H/M N/A None required —risks are N/A None required — risks are low
Grahway Creek low
2.5 years ARI
High and Infrequent . .
Bulbodne ® - . .
Grahway )C/:reek Flows - Over Bank H LO L HIM N/A |N one required — risks are N/A None required — risks are low
5.0 years ARI ow
. . o MER
N4 — Projects resulting from Tolerable -Recommend monitoring of planned for
Burrendong . Cease / commence to o . application of risk treatment WAL activation (likelihood is low as
. . Zero Flow Periods les f M H+ H+ H/M C Limit t t ! e . H WSP
Dam Tributaries pump rules for streams. Imit consumptive water option C Expert opinion with assets / values are above WAL objectives
Cease / commence to extractions in the WRP area to MER confirmation strategies locations)
pump rules for in-stream and the predefined share of available MER for N4
off-river pools. water. .
i . . FProtect low flow habitats from , , o MER
Restrict construction of in- accelerated rates of drying. N4 — Projects resulting from Tolerable -Recommend monitoring of planned for
Burrendong Base-flow or Low river dams on 3rd order or M H-* H-* H/M c BProtect pools in streams application of risk treatment H WAL activation (likelihood is low as WSP
Dam Tributaries | Flows higher streams. wetlands, lagoons and ’ option C Expert opinion with assets / values are above WAL objectives
floodplains within the WRP area MER confirmation strategies locations) MER for N4
during dry periods.
Improve knowledge to
assess risk in unregulated
Burrendong Fresh Flows No existing mechanisms M L+ L H/M N/A sections of the WRP area. None required — risks are N/A None required — risks are low

Dam Tributaries

targeting higher flows

low
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] — UNREGULATED SYSTEM

o o @ = x~ ; .
g o o S o~ | o iz Explanation of tolerable risk
Water source 3 S = S o 3 € c 2 application Monitoring
. o = = =] L35
within WRP Ao e e>_<trgct|on Current critical mechanisms = = e c 3§ o S Strategies New critical mechanisms s S OR and
characteristic Q o x~ SCo=| 59 CRO ; ; ;
area o X © ©nd | TO o Explanation of why risk cannot be evaluation
o i [v4 8SS5=| o ) addressed
(@) "05 ) x —
High and Infrequent . .
Burrendon o - . .
ong Flows - Bank Full 1.5 M LO L H/M N/A None required — risks are N/A None required — risks are low
Dam Tributaries years ARI low
High and Infrequent . .
Burrendon o _ . .
Dam Tribu'?aries Flows - Over Bank M LO L HIM N/A Ilzl)svne required —risks are N/A | None required — risks are low
2.5 years ARI
High and Infrequent . .
Burrendon o _ . .
ong Flows - Over Bank M Lo L H/M N/A None required —risks are N/A | None required — risks are low
Dam Tributaries 5.0 years ARI low
EqTrade limits or prohibitions
between surface water plan MER
C . . areas, water sources, and N4 — Proiects resulting from Decision tool indicates risk is not planned for
ampbells River | Zero Flow Periods M H+ H+ H/M B/C - Fro) A g H tolerable as there is high potential for WSP
management zones to manage application of risk treatment i ; : iecti
i pp o . extraction to impact ecological values objectives
entitlement growth option C Expert opinion with ; i ;
p -Xpert op ! and a river gauge is available. Frequent | MER for N5
Cease / commence to MER confirmation strategies likelihood monitoring is recommended.
pump rules for streams. N5 - Reviews resulting from
Cease / commence to application of risk treatment These risk results cannot be addressed | MER
Base-flow or Low pump rules for in-stream and Limit consumptive water option B Fill knowledge gap / during WRP development as NSW planned for
Campbells River Flows off-river pools. M H-* H-* H/M B/C extractions in the WRP area to evaluate effectiveness of H planning principles minimise change for | WSP
Restrict construction of in- the predefined share of available | existing strategies WSPs within their initial ten year period | objectives
river dams on 3rd order or water. to provide certainty for water users. MER for N5
higher streams. Protect low flow habitats from
accelerated rates of drying.
B Protect pools in streams,
wetlands, lagoons and ) )
Campbells River | Fresh Flows M L-* L-* H/M N/A | floodplains within the WRP area None required — risks are N/A | None required — risks are low
during dry periods. low
Improve knowledge to
. Trade limits or prohibitions assess risk in unregulated
ngh and Infrequent between surface water p|an sections of the WRP area. . .
Campbells River | Flows - Bank Full 1.5 areas, water sources, and M LO L° H/M N/A None reqUIrEd — risks are N/A None required — risks are low
years ARI management zones to manage low
High and Infrequent entitlement growth . -
Campbells River | Flows - Over Bank M LO L° H/IM N/A None required — risks are N/A None required — risks are low
2.5 years ARI low
High and Infrequent . .
Campbells River | Flows - Over Bank M LO L° H/M N/A None required — risks are N/A None required — risks are low
5.0 years ARI low
g?gtlebkaggle Zero Flow Periods Trade limits or prohibitions | H LO L° H/M N/A Limit consumptive water None required — risks are N/A | None required — risks are low
between surface water plan extractions in the WRP area to low
areas, water sources, and the predefined share of available
management zones to manage water. Decisi ind Sk
entitlement growth & Protect low flow habitats from ; : ecision tool indicates risk is not
5] | d £ drvi N4 — Projects resulting from tolerable as there is high potential for
Cease / commence to gecelerated rates of drying. application of risk treatment extraction to impact ecological values
ump rules for streams. A Protect pools in streams, i e ; | pac 0g
pump wetlands, lagoons and ’c\’/lpé'gn C Expe? Op":'o? with and a river gauge is available. Frequent | MER
' confirmation strategies ali Horing i
Coolbaggie Base-flow or Low Cease / commence to floodplains within the WRP area ) g likelihood monitoring is recommended. | planned for
pump rules for in-stream and H H- H- H/M B/C - - N5 - Reviews resulting from H WSP
Creek Flows . during dry periods. e . 9 . P
off-river pools. Improve knowledge to application of risk treatment These risk results cannot be addressed | objectives
Restrict construction of in- assess risk in unregulated option B Fill knowledge gap / during WRP development as NSW MER for N5
river dams on 3rd order or sections of the WRP area. evalqate effectiyeness of planning_pr_incipl_es_ njinimise change_ for
higher streams. existing strategies WSPs within their initial ten year period
to provide certainty for water users.
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] — UNREGULATED SYSTEM

o o @ = x~ ; .
g 3 =2 = = QE) 0 Explanation of tolerable risk
Water source . o o = S o9 = € o — application Monitoring
within WRP ELOaV:aZI:i:;ﬁ;C“Oﬂ Current critical mechanisms % = g E 3§ § %_ Strategies New critical mechanisms % % OR and
area @ £ ® o & T | co 5 — | Explanation of why risk cannot be evaluation
o i [v4 8SS5=| o ° addressed
@) 8 ) x —
Coolbaggie ired = ri
Creek 99 Fresh Flows H L- L- H/M N/A lN one required —risks are N/A None required — risks are low
ow
. High and Infrequent Trade limits or prohibitions _ _
Coolbaggie Flows - Bank Full 1.5 | between surface water plan H LO Le H/M N/A None required — risks are N/A | None required — risks are low
Creek years ARI areas, water sources, and low
: management zones to manage
. High and Infrequent . . .
Coolbaggie entitlement growth ® - . .
Creek % Flows - Over Bank g H LO L HIM N/A None required —risks are N/A None required — risks are low
2.5 years ARI low
Coolbaggie High and Infrequent N ired — risk
Creek Flows - Over Bank H LO L HIM N/A One required —sks are N/A None required — risks are low
5.0 years ARI low
Trade limits or prohibitions N4 — Projects resulting from MER
. T, ; Tolerable - Recommend frequent planned for
Cooyal Wialdra Zero Flow Periods between surface water plan H+ M+ H/M c appllcatlon of risk treatment M monitoring of WAL activation (impact is | WSP
Creek 9 (imp
areas, water sources, and option C Expert opinion with likely to occur with growth in use) objectives
management zones to manage MER confirmation strategies y 9
entitlement growth MER for N4
Cease / commence to
pump rules for streams. MER
Cease / commence to Limit consumptive water N4 — Projects resulting from Tolerable - Recommend fre I d f
. ~ ) . N . - quent planned Tor
Cooyal Wialdra | Base-flow or Low pump rules for in-stream and H-* M-* H/M c extractions in the WRP area to application of risk treatment M monitoring of WAL activation (impact is | WSP
Creek Flows ff I : ; option C Expert opinion with 9 (imp iacti
ofi-river pools. the predefined share of available | °P -Xpert op . likely to occur with growth in use) objectives
Restrict construction of in- water. MER confirmation strategies MER for N4
river dams on 3rd order or Protect low flow habitats from
higher streams. accelerated rates of drying.
@ Protect pools in streams, MER
. wetlands, lagoons and N4 — Projects resulting from ) lanned for
Cooyal Wialdra Fresh Flows H-* M-* H/M C floodplains within the WRP area | application of risk treatment M ;(:)lﬁirt%?:ﬁ S?I?I?B\Trggtri]\?aftriggu(ienqt actis \F;VSP
Creek during dry periods. option C Expert opinion with likelv to o?:cur with arowth in use)p objectives
Improve knowledge to MER confirmation strategies y 9 MER for N4
assess risk in unregulated
Cooval Wialdra | High and Infrequent Trade limits or prohibitions sections of the WR%’ area. _ ]
Y Flows - Bank Full 1.5 | between surface water plan L-* L-* H/M N/A None required —risks are N/A | None required — risks are low
Creek years ARI areas, water sources, and low
High and Infrequent management zones to manage
Cooyal Wialdra i ired = ri
Cregk Flows - Over Bank entitlement growth Lo L-* H/M N/A None required — risks are N/A None required — risks are low
2.5 years ARI low
. High and Infrequent . .
Cooyal Wialdra —
Cregk Flows - Over Bank L-* L-* H/M N/A None required —risks are N/A None required — risks are low
5.0 years ARI low
Trade limits or prohibitions = Limit consumptive water
between surface water plan ¥o extractions in the WRP area to
areas, water sources, and g the predefined share of available
management zones to manage @0 water. Low to medium flows cannot ;
Ewenmar Creek | Zero Flow Periods | entitlement growth Ho | N/A 88 |HWM | C | FProtect low flow habitats from | be modelled. Risk cannotbe | N/A | Low flows cannot be modelled. Risk
Cease / commence to '§ B accelerated rates of drying. determined
pump rules for streams. o K3 @Protect pools in streams,
<= O wetlands, lagoons and
El [ e
pup(): szg ]{ ocroirr:irstlt(rag ;ri tgn d g E floodplains within the WRP area
off-river pools. zL during dry periods.
Base-flow or Low i jon of = et rsk in umeguinted Low to medium flows cannot Low f be modelled. Risk
Ewenmar Creek Restrict construction of in- H N/A § | HM C assess risk in unregulate be modelled. Risk cannot be N/A ow flows cannot be modelled. Ris

Flows

river dams on 3rd order or
higher streams.

sections of the WRP area.

determined

cannot be calculated

NSW Department of Industry | INT18/162302 | 24




Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] — UNREGULATED SYSTEM

o 3% = x
2 3 > S § = E & Explanation of tolerable risk
Water source . o o = S o9 = € o — application Monitoring
within WRP Ao e e>_<trgct|on Current critical mechanisms = = e = 3§ o S Strategies New critical mechanisms s S OR and
characteristic Q o x Co=| 52 © @ ; ; ;
area o X © ©nd | TO o Explanation of why risk cannot be evaluation
o i [v4 8SS5=| o ) addressed
O T O x —
o —
Protection of Environmental
Water Allowance released from
Burrendong Dam.
Low to medium flows cannot .
Ewenmar Creek | Fresh Flows H N/A H/M N/A be modelled. Risk cannot be n/a | Low flows cannot be modelled. Risk
. cannot be calculated
determined
. . MER
High and Infrequent o o N4 — Projects resulting from Tolerable - Recommend frequent planned for
Ewenmar Creek Flows - Bank Full 1.5 Trade limits or pl’Ohlb'tlonS H H- H- HIM (03 app_llcatlon of risk t_re_atme_nt H monitoring of WAL activation (impact is WSP
years ARI between surface water plan option C Expert opinion with likely to occur with growth in use) objectives
areas, water sources, and MER confirmation strategies MER for N4
management zones to manage MER
. entittement growth — Proj i
High and Infrequent 9 2‘4 IicZ;%icctj rriiiutlrtgg;rgm Tolerable - Recommend frequent planned for
Ewenmar Creek | Flows - Over Bank Protection of Environmental | H H- H- H/M c opgon C Expert opinion with H monitoring of WAL activation (impactis | WSP
2.5 years ARI Water Allowance released from MpER confirrgationpstrate ios likely to occur with growth in use) objectives
Burrendong Dam. 9 MER for N4
N4 — Project: Iting f MER
High and Infrequent I_ ;.Ojec ? r_eiut mg: ront1 Tolerable - Recommend frequent planned for
Ewenmar Creek | Flows - Over Bank H M- M- H/M C ap? |caé0£ 0 rlts rea me_r:h M monitoring of WAL activation (impactis | WSP
5.0 years AR OPTION & EXPETE opinion wi likely to occur with growth in use) objectives
MER confirmation strategies
MER for N4
Trade limits or prohibitions MER
between surface water plan planned for
Fish River Zero Flow Periods areas, water sources, and H H- H- H/M B/C H WSP
management zones to manage objectives
entitlement growth
MER for N5
Cease / commence to
pump rules for streams.
BT Cease / commence to
pump rules for in-stream and MER
g off-river pools. o . planned for
Fish River Elase flowor Low Restrict construction of in- H M- bi H/M B/C Limit consumptive water M WSP
ows - extractions in the WRP area to Decision tool indicates risk is not objectives
river dams on 3rd order or . . i i |
higher streams the predefined share of available | N4 — Projects resulting from tolerable as there is high potential for MER for N5
9 : water. application of risk treatment extraction to impact ecological values
Protect low flow habitats from | option C Expert opinion with and a river gauge is available. Frequent
accelerated rates of drying. MER confirmation strategies likelihood monitoring is recommended. | MER
@ Protect pools in streams, N5 - Reviews resulting from planned for
Fish River Fresh Flows H H- H- HIM B/C | wetlands, lagoons and application of risk treatment H These risk results cannot be addressed | WSP
floodplains within the WRP area | option B Fill knowledge gap / during WRP development as NSW objectives
during dry periods. evaluate effectiveness of planning principles minimise change for | MER for N5
Improve knowledge to existing strategies WSPs within their initial ten year period
assess risk in unregulated to provide certainty for water users. MER
High and Infrequent Trade limits or prohibitions sections of the WRP area. planned for
Fish River Flows - Bank Full 1.5 | between surface water plan H H- H- H/M B/C H WSP
years ARI areas, water sources, and objectives
management zones to manage MER for N5
entitlement growth
MER
High and Infrequent planned for
Fish River Flows - Over Bank H M- M- H/M B/C M WSP
2.5 years ARI objectives
MER for N5
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] — UNREGULATED SYSTEM

g Se | & o _ |
o o S o~ | o iz Explanation of tolerable risk
Water source | . § 8 = g o 3 Ec = application Monitoring
within WRP Flow or e>_<trgct|on Current critical mechanisms = = o = 3§ 3 2 Strategies New critical mechanisms =9 OR and
characteristic Q o x~ SCo=| 59 CRO ; ; ;
area o X © ©nd | TO o Explanation of why risk cannot be evaluation
o i 4 8SS5=| o ° addressed
@) T O x —
o —
MER
High and Infrequent planned for
Fish River Flows - Over Bank H M- M- H/M B/C M WSP
5.0 years ARI objectives
MER for N5
Trade limits or prohibitions
: between surface water plan o None required — risks are . .
Goolma Creek Zero Flow Periods areas, water sources, and LO L H/M N/A low aq N/A None required — risks are low
management zones to manage
entittlement growth
Cease / commence to
pump rules for streams.
Cease / commence to Limit consumptive water _ _
Goolma Creek Eﬁ)fﬁs-ﬂow or Low pump rules for in-stream and LO L° H/M N/A extractions in the WRP area to None required — risks are N/A None required — risks are low
off-river pools. the predefined share of available | oW
Restrict construction of in- water. _
fiver dams on 3rd order or Protect low flow habitats from
higher streams. accelerated rates of drying.
B Protect pools in streams,
wetlands, lagoons and ) )
Goolma Creek | Fresh Flows LO Le H/M N/A | floodplains within the WRP area | None required — risks are N/A | None required — risks are low
during dry periods. low
— Improve knowledge to
High and Infrequent | ¥l Trade limits or prohibitions assess risk in unregulated i i
Goolma Creek | Flows - Bank Full 1.5 %veen surface Wa?er plan Lo L H/IM N/A | sections of the WR%’ area. IIII) Svne required — risks are N/A | None required — risks are low
years ARI areas, water sources, and
High and Infrequent management zones to manage . .
Goolma Creek Flows - Over Bank entitlement growth LO L° H/M N/A None required — risks are N/A | None required — risks are low
2.5 years ARI low
High and Infrequent . .
Goolma Creek Flows - Over Bank LO L° H/M N/A None required — risks are N/A None required — risks are low
5.0 years ARI low
Trade limits or prohibitions MER
between surface water plan N4 — Projects resulting from Tolerable - Recommend frequent planned for
Lawsons Creek | Zero Flow Periods areas, water sources, and H+ M+ H/M C appllcatlon of risk treatment M monitoring of WAL activation (impactis | WSP
management zones to manage option C Expert opinion with likely to occur with growth in use) objectives
entitlement growth o ) MER confirmation strategies
Limit consumptive water MER for N4
Cease / commence to extractions in the WRP area to
pump rules for streams. the predefined share of available
Cease / commence to water.
pump rules for in-stream and Protect low flow habitats from _ _ MER
Base-flow or Low off-river pools. accelerated rates of drying. N4? P;QJGC'E? r_eiut"ﬂn% frO": Tolerable - Recommend frequent planned for
Lawsons Creek | £ "~ Restrict construction of in- H-* M-* H/M C @ Protect pools in streams, application of nisk freatmen M monitoring of WAL activation (impactis | WSP
river dams on 3rd order or wetlands, lagoons and option C Expert opinion with likely to occur with growth in use) objectives
higher streams. floodplains within the WRP area | MER confirmation strategies MER for N4
during dry periods.
Improve knowledge to
assess risk in unregulated
Lawsons Creek | Fresh Flows Trade limits or prohibitions L-* L-* H/M N/A sections of the WRP area. None required —risks are N/A None required — risks are low
between surface water plan low
areas, water sources, and
High and Infrequent management zones to manage . )
Lawsons Creek | Flows - Bank Full 1.5 | entitlement growth LO L° H/M N/A None required —risks are N/A None required — risks are low

years ARI

low
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SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] — UNREGULATED SYSTEM

o o @ = x~ ; .
2 3 =4 ) = & Explanation of tolerable risk
Water source . o o = S o9 = € o — application Monitoring
within WRP ELOaVIYa?::e?’)i::ﬁ:Ctlon Current critical mechanisms % = g E 3§ § %_ Strategies New critical mechanisms % % OR and
area @ £ ® o & T | co 5 — | Explanation of why risk cannot be evaluation
S I 04 % s= | o E addressed
o< &
High and Infrequent : .
Lawsons Creek Flows - Over Bank LO L° H/M N/A lNone required —risks are N/A None required — risks are low
2.5 years AR ow
High and Infrequent . .
Lawsons Creek | Flows - Over Bank LO L° H/M N/A lNone required —risks are N/A | None required — risks are low
5.0 years ARI ow
Trade limits or prohibitions
between surface water plan MER
areas, water sources, and N4 — Projects resulting from
' ' e h Tolerable - Recommend frequent planned for
Little River Zero Elow Periods management zones to manage | M+ M+ H/M c application of risk treatment M monitoring of WAL activation (impactis | WSP
entitlement growth option C Expert opinion with . 9 . ) (imp P
o . likely to occur with growth in use) objectives
Cease / commence to MER confirmation strategies MER for N4
pump rules for streams.
Cease / commence to Limit consumptive water
pump rules for in-stream and extractions in the WRP area to N4 — Proi iting f MER
Base-flow or Low off-river pools. the predefined share of available — Projects resuiting from Tolerable - Recommend frequent planned for
Little River . . . H H-* H-* H/M c water. application of risk treatment - A . WSP
Flows Restrict construction of in- option C Expert opinion with H monitoring of WAL activation (impact is b
D ] Protect low flow habitats from - . h i i i objectives
river dams on 3rd order or . : MER confirmation strategies likely to occur with growth in use) )
higher streams. accelerated rates of drying. MER for N4
B Protect pools in streams,
wetlands, lagoons and ) )
Little River Fresh Flows H L-* L-* H/M N/A floodplains within the WRP area lNone required — risks are N/A None required — risks are low
during dry periods. ow
Improve knowledge to
High and Infrequent Trade limits or prohibitions assess risk in unregulated ; .
Little River Flows - Bank Full 1.5 | petween surface water plan H Lo Le H/M N/A sections of the WRP area. IIII) 3Vne required —risks are N/A | None required — risks are low
years ARI areas, water sources, and
High and Infrequent management zones to manage _ _
Little River Flows - Over Bank entitlement QFOWth H LO L° H/M N/A lNone reQUIred — risks are N/A None required — risks are low
2.5 years ARI ow
High and Infrequent . .
Little River Flows - Over Bank H | Lo L° H/M N/A lNO”e required — risks are N/A | None required — risks are low
5.0 years ARI ow
Trade limits or prohibitions
between surface water plan MER
areas, water sources, and planned for
Lower Bogan Zero Flow Periods management zones to manage | ;| H- H/M BIC H WSP
River entitlement growth objectives
Cease / commence to Limit consumptive water MER for N5
pump rules for streams. extraction§ in the WRP area to ] . Decision tool indicates risk is not
Cease / commence to the predefined share of available | N4 — Projects resulting from tolerable as there is high potential for
pump rules for in-stream and water. application of risk treatment extraction to impact ecological values
off-river pools. Protect low flow habitats from | option C Expert opinion with and a river gauge is available. Frequent
Restrict truction of | accelerated rates of drying. MER confirmation strategies likelihood monitoring is recommended. | MER
23s Restrct construction ot in- @ Protect pools in streams, N5 - Reviews resulting from planned for
Lower Bogan Base-flow or Low river dams on 3rd order or H Hex H+* | H/M B/C e . . WSP
River* Flows higher streams wetlands, lagoons and application of risk treatment H These risk results cannot be addressed SP
' floodplains within the WRP area | option B Fill knowledge gap / during WRP development as NSW objectives
Protection of Environmental during dry periods. evaluate effectiveness of planning principles minimise change for | MER for N5
Water Allowance released from Improve knowledge to existing strategies WSPs within their initial ten year period
Burrendong Dam. assess risk in unregulated to provide certainty for water users.
T o sections of the WRP area.
Trade limits or prohibitions MER
between surface water plan planned for
:i?\\/’\éeri Bogan Fresh Flows areas, water sources, and H M- M- H/M B/C M WSP
management zones to manage objectives
entittement growth MER for N5
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SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] — UNREGULATED SYSTEM

O - +—
W g 3 > § § = E _:/é Expll_ana_tion of tolerable risk onitor
ater source . o = S o9 = S O — application onitoring
within WRP ELOaV;’a?::e?i:;ﬁ:Ct'on Current critical mechanisms % = g E %E § %_ Strategies New critical mechanisms xS % OR and
area @ £ ® SpT | Co 5 — | Explanation of why risk cannot be evaluation
o i 4 8SS5=| o ° addressed
@) T O x —
o —
_ Protection of Environmental MER
Lower Bogan High and Infrequent Water Allowance released from . . planned for
River* Flows - Bank Full 1.5 Burrendong Dam. H M- M- H/M B/C M WSP
years ARI objectives
MER for N5
MER
Lower Bogan High and Infrequent planned for
River* Flows - Over Bank H H-* H-* H/M B/C H WSP
2.5 years ARI objectives
MER for N5
MER
High and Infrequent planned for
;?\‘/’Ve?,[ Bogan | £5ws - Over Bank H o | M M* | HM BIC M WSP
5.0 years ARI objectives
MER for N5
Trade limits or prohibitions MER
Lower between surface water plan planned for
Macquarie Zero Flow Periods areas, water sources, and VH H- H- H/IM B/C H WSP
River* management zones to manage objectives
entitlement growth MER for N5
Cease / commence to
pump rules for streams.
Cease / commence to
pump rules for in-stream and MER
Lower off-river pools. planned for
Macquarie E%SVSSHOW or Low Restrict construction of in- | VH | M- H- H/M B/C H WSP
- = o
River river dams on 3rd order or objectives
higher streams. Limit consumptive water MER for N5
Protection of Environmental extractions in the WRP area to ' ' Decision tool indicates risk is not
the predefined share of available | N4 — Projects resulting from tolerable as there is high potential for
Water Allowance released from water. application of risk treatment extraction to impact ecological values
Burrendong Dam. Protect low flow habitats from | option C Expert opinion with and a river gauge is available. Frequent
. E:celerated rates of drying. MER confirmation strategies likelihood monitoring is recommended. 'Vl'ER "y
ower Protect pools in streams, N5 - Reviews resulting from planned for
M_acqijarle Fresh Flows VH | M- H- HM B/C wetlands, lagoons and application of risk treatment H These risk results cannot be addressed | WSP
River floodplains within the WRP area | option B Fill knowledge gap / during WRP development as NSW objectives
during dry periods. evaluate effectiveness of planning principles minimise change for | MER for N5
Improve knowledge to existing strategies WSPs within their initial ten year period | MER
Lower High and Infrequent Trade limits or prohibitions assess risk in unregulated to provide certainty for water users. planned for
Macquarie Flows - Bank Full 1.5 | between surface water plan VH | H- H- H/M B/C sections of the WRP area. H WSP
River* years ARI areas, water sources, and objectives
management zones to manage MER for N5
entitlement growth MER
Lower High and Infrequent Protection of Environmental planned for
Macquarie Flows - Over Bank Water Allowance released from | VH | M- H- H/M B/C H WSP
River* 2.5 years ARI Burrendong Dam. objectives
MER for N5
MER
Lower High and Infrequent planned for
Macquarie Flows - Over Bank VH | M- H- H/M B/C H WSP
River* 5.0 years ARI objectives
MER for N5
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SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] — UNREGULATED SYSTEM

o o @ = x~ ; .
9 o o S o~ | o iz Explanation of tolerable risk
Water source 3 S = S o 3 € c 2 application Monitoring
. o = = =] L35
within WRP ELOaV;’a?::e?i:;ﬁ:Ct'on Current critical mechanisms % = g = 3§ § %_ Strategies New critical mechanisms = % OR and
area @ £ ® o & T | co 5 — | Explanation of why risk cannot be evaluation
o i [v4 8SS5=| o ) addressed
O O O x —
o —
Trade limits or prohibitions
between surface water plan Decision tool indicates risk is not MER
areas, water sources, and N4 — Projects resulting from tolerable as there is high potential for lanned for
Lower Talbragar , management zones to manage application of risk treatment i i i b
; 9 Zero Flow Periods i M H+ H+ H/M B/C PP reatmer extraction to impact ecological values WSP
River entitiement growth option C Expert opinion with a i is avai
p -Xpert op i and a river gauge is available. Frequent | objectives
Cease / commence to MER confirmation strategies likelihood monitoring is recommended. MER for N
pump rules for streams. N5 - Reviews resulting from or NS
Cease / commence to application of risk treatment These risk results cannot be addressed
pump rules for in-stream and Limit consumptive water option B Fill knowledge gap / during WRP development as NSW
off-river pools. extractions in the WRP area to evaItL_Jate ?ff?ctiyeness of \p;\l/egn;ing_p;}r_incihplgs_ m!n:mise change fc&r MER
- Restrict construction of in- the predefined share of available | €Xisting strategies s within their initial ten year period | planned for
Ili(i)\\/l\(leerr Talbragar El?)svssﬂow or Low river dams on 3rd order or M H-* H-* H/M B/C water. H to provide certainty for water users. Wsp
higher streams. Protect low flow habitats from objectives
accelerated rates of drying. MER for N5
E Protect pools in streams,
Lower Talbragar wetlands, lagoons and None required - risks are . .
River Fresh Flows M L-* L+ HIM N/A floodplains within the WRP area | |y g N/A | None required — risks are low
during dry periods.
A— Improve knowledge to
High and Infrequent assess risk in unregulated , ,
Lower Talbragar . - . : g - . .
River 947 | Flows - Bank Full 1.5 Trade limits or prohibitions | M | LO L HM N/A | sections of the WRP area. l’:‘)fl’vne required — risks are N/A | None required — risks are low
years ARI between surface water plan
areas, water sources, and
High and Infrequent management zones to manage _ '
IF_{c_)wer Talbragar Flows - Over Bank entitlement growth M LO Le H/M N/A None required — risks are N/A None required — risks are low
ver low
2.5 years ARI
High and Infrequent . .
Iliqwer Talbragar Flows - Over Bank M LO L° H/M N/A None required — risks are N/A None required — risks are low
wver low
5.0 years ARI
Trade limits or prohibitions MER
Macquarie River between surface water plan Decision tool indicates risk i i planned for
above Zero Flow Periods areas, water sources, and M H+ H+ H/M B/C N4 — Projects resulting from H ecision too’ Indicates risk IS no WSP
P . tolerable as there is high potential for ot
Burrendong management zones to manage application of risk treatment . . : objectives
entitlement growth ion C E e ith extractl_on to |mpagt ecol_oglcal values MER for N5
option C Expert opinion wit and a river gauge is available. Frequent or
Cease / commence to MER confirmation strategies likelihood monitoring is recommended.
pump rules for streams. N5 - Reviews resulting from MER
Macauarie River Cease / commence to Limit consumptive water application of risk treatment These risk results cannot be addressed lanned for
abO\?e Base-flow or Low pump rules for in-stream and M Hox Hor H/M B/C extractions in the WRP area to option B Fill knowledge gap / during WRP development as NSW SVSP
Burrendon Flows off-river pools. the predefined share of available | evaluate effectiveness of H planning principles minimise change for obiectives
9 ; ; . water. existing strategies WSPs within their initial ten year period )
Restrict construction of in , \ .
fiver dams on 3rd order or Protect low flow habitats from to provide certainty for water users. MER for N5
higher streams. accelerated rates of drying.
@ Protect pools in streams,
Macquarie River wetlands, lagoons and ] )
above Fresh Flows M L-* L H/M N/A floodplains within the WRP area None reqUIred — risks are N/A None required — risks are low
Burrendong during dry periods. low
Improve knowledge to
Macquarie River | High and Infrequent Trade limits or prohibitions assess risk in unregulated : .
above Flows - Bank Full 1.5 | petween surface water plan M L-* L H/M N/A sections of the WRP area. Ilzl)svne required —risks are N/A | None required — risks are low
Burrendong years ARI areas, water sources, and
Macquarie River | High and Infrequent management zones to manage . ]
above Flows - Over Bank entitlement growth M L-* L H/M N/A None required — risks are N/A None required — risks are low
Burrendong 2.5 years ARI low
Macquarie River | High and Infrequent . .
above Flows - Over Bank M L-* L H/M N/A None required — risks are N/A None required — risks are low

Burrendong

5.0 years ARI

low
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SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] — UNREGULATED SYSTEM

o o @ = x~ ; .

W % 3 =4 T 5 QE) & Expll_ana_uon of tolerable risk onitor
ater source . 1) = S oo 58 O — application onitorin
within WRP Flow or e>_<trgct|on Current critical mechanisms = = o = 3§ 3 2 Strategies New critical mechanisms =9 OpF? and ’

characteristic Q o x~ SCo=| 59 CRO ; ; ;
area o X © ©nd | TO o Explanation of why risk cannot be evaluation
o i 4 8SS5=| o ° addressed
o © & x =
o —
Trade limits or prohibitions . .
Marra Creek* Zero Flow Periods between surface water plan M L+* L H/M N/A None required — risks are N/A | None required — risks are low
areas, water sources, and low
management zones to manage
entittlement growth
Cease / commence to
pump rules for streams.
Cease / commence to MER
pump rules for in-stream and planned for
Marra Creek* E%svss-ﬂow or Low off-river pools. M H* H H/M B/C H WSP
Restrict construction of in- N4 — Projects resulting from objectives
river dams on 3rd order or application of risk treatment MER for N5
higher streams. Limit consumptive water option C Expert opinion with
Protection of Environmental fﬁérgféggﬁn'gé i;?];/\r/é? (I:f 2:;3;;;%@ MER con.flrmatlon s.trategles
Water Allowance released from water. NS - Reviews resulting from Decision tool indicates risk is not
Burrendong Dam. Protect low flow habitats from app"cagolguoli rlskltrgatment/ tolerable as there is high potential for
accelerated rates of drying. optllon 'ff nowleage ?ap extraction to impact ecological values MER
@ Protect pools in streams, evaluate effectiveness o and a river gauge is available. Frequent | planned for
Marra Creek* Fresh Flows M H+* H H/M B/C wetlands, lagoons and existing strategies H likelihood monitoring is recommended. | WSP
floodplains within the WRP area objectives
during dry periods. These risk results cannot be addressed | MER for N5
Improve knowledge to during WRP d_evelopr_nt_ant_ as NSW MER
High and Infrequent Trade limits or prohibitions assess risk in unregulated plannlng.pr.lnmplzlas. minimise changel for planned for
Marra Creek* Flows - Bank Full 1.5 | between surface water plan M | H-* H H/M B/C | sections of the WRP area. H WSPs within their initial ten year period | \ysp
years ARI areas, water sources, and to provide certainty for water users. objectives
management zones to manage MER for N5
entitlement growth N4 — Project ing 1 MER
High and Infrequent Protection of Environmental applicar[iocj)flco? rriziutrg;%mrgrr: planned for
Marra Creek* Flows - Over Bank Water Allowance released from | M H-* H H/M B/C option C Expert opinion with H WSP
2.5 years ARI Burrendong Dam. MER confirmation strategies objectives
. . MER for N5
N5 - Reviews resulting from MER
High and Infrequent ap,ﬁ IlﬁagoFr}"o lz:svlflltrgatment / planned for
Marra Creek* Flows - Over Bank M M-* M H/M B/C g\F/)a?uate effectﬁlerses%eo?ap M WSP
5.0 years ARI existing strategies objectives
MER for N5
Trade limits or prohibitions
between surface water plan
areas, water sources, and
management zones to manage |V||ER iy
ittement growth planned for
Marthaguy Zero Flow Periods i H M+* M+* H/M B/C (§ Limit consumptive water WSP
Creek” Cease / commence to gdractions i the WRP area to M| becision tool indicates risk is not objectives
pump rules for streams. the predefined share of available | N4 — Projects resulting from tolerable as there is high potential for MER for N5
Cease / commence to water. application of risk treatment extraction to impact ecological values
pump rules for in-stream and Protect low flow habitats from | option C Expert opinion with and a river gauge is available. Frequent
off-river pools. accelerated rates of drying. MER confirmation strategies likelihood monitoring is recommended.
Restrict construction of in- @ Protect pools in streams, N5 - Reviews resulting from
river dams on 3rd order or wetlands, lagoons and application of risk treatment These risk results cannot be addressed | MER
Marthaguy Base-flow or Low higher streams. . . / ; floodplains within the WRP area | option B Fill knowledge gap / during WRP development as NSW planned for
Creek* Flows Protection of Environmental H H+ H+ H/M B/C | during dry periods. evaluate effectiveness of H planning principles minimise change for V\éSP _
ater Allowance released from Improve knowledge to existing strategies WSPs within their initial ten year period | OPjectives
assess risk in unregulated to provide certainty for water users. MER for N5
Burrendong Dam. sections of the WRP area.
Trade limits or prohibitions MER
Marthaguy between surface water plan planned for
Creek* Fresh Flows areas, water sources, and H H+* H+* HIM B/C H W_SP _
management zones to manage objectives
entitlement growth MER for N5
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SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] — UNREGULATED SYSTEM

o o @ = x~ ; .
9 o o S o~ | o iz Explanation of tolerable risk
Water source 3 S = S o 3 € c 2 application Monitoring
. o = = =] L3
within WRP ELOaV;’a?::e?i:;ﬁ:Ct'on Current critical mechanisms % = g = 3§ § %_ Strategies New critical mechanisms = % OR and
area @ £ ® o & T | co 5 — | Explanation of why risk cannot be evaluation
o i [v4 8SS5=| o ) addressed
o © & x =
o —
_ Protection of Environmental MER
Marthaguy High and Infrequent Water Allowance released from . . planned for
Creek* Flows - Bank Full 1.5 Burrendong Dam. H M- M- H/M B/C M WSP
years ARI objectives
MER for N5
MER
High and Infrequent planned for
Marthaguy Flows - Over Bank H o | M M+ | HM BIC M WSP
2.5 years ARI objectives
MER for N5
Marthaguy High and Infrequent N ired — risk
Creek* Flows - Over Bank H L-* L-* H/M N/A Iosvne required —risks are N/A None required — risks are low
5.0 years ARI
Trade limits or prohibitions
between surface water plan
Maryvale Geurie : areas, water sources, and None required — risks are . :
Creek Zero Flow Periods management zones to manage L+ L+ HIM N/A low N/A | None required —risks are low
entitlement growth
Cease / commence to
pump rules for streams.
Cease / commence to Limit consumptive water _ _ o MER
Marwale Gerie | Base-flow or Low pump rules for in-stream and extractions in the WRP area to N4 - Prpjects r_esultlng from ToIerabI(_a -R_ecommgnd mgnltorlng of planned for
yv off-river pools. H-* M-* H/M C the predefined share of available appllcatlon of risk t_re_atme_nt M WAL activation (likelihood is low as WSP
Creek Flows Restrict construction of in water. option C Expert opinion with assets / values are above WAL objectives
ver dams on 3rd order or Protect low flow habitats from | MER confirmation strategies locations) MER for N4
higher streams. accelerated rates of drying.
B Protect pools in streams,
M le Geuri wetlands, lagoons and ) .
Craeré/\lzae €UNe | Fresh Flows L-* L-* H/M N/A goqdplzins Wit~hidn the WRP area llzl)svne required — risks are N/A None required — risks are low
uring dry periods.
Improve knowledge to
io | Highand Infrequent Trade limi hibiti assess risk in unregulated : .
Mar ale Geu”e rade ImItS or pI’O | IthﬂS o ’ g —
Cre()a/\lz Flows - Bank Full 1.5 | petween surface water plan LO L H/M N/A | sections of the WRP area. Ilzl)f/)vne required —risks are N/A | None required — risks are low
years ARI areas, water sources, and
. High and Infrequent management zones to manage _ ]
E:/I?ergzale Geurie Flows - Over Bank entitlement growth LO Lo H/M N/A ll:l)svne required — risks are N/A None required — risks are low
2.5 years ARI
Maryvale Geurie High and Infrequent N ired — risk
Creek Flows - Over Bank LO Le H/M N/A Iof/)vne required —risks are N/A None required — risks are low
5.0 years ARI
i hiti . . L MER
Trade I|;n|ts or pt)rohllbltlons Limit consumptive water N4 — Projects resulting from Tolerable -Recommend monitoring of planned for
Molong Creek Zero Flow Periods afe\;vse ex;zrr 22&"&’::;?} da“ H+ M+ H/M c extractions in the WRP areato | application of risk treatment M WAL activation (likelihood is low as WSP
, , the predefined share of available | option C Expert opinion wlth assets / values are above WAL objectives
management zones to manage water. MER confirmation strategies locations) MER for N4
entitiement growth Protect low flow habitats from
Cease / commence to accelerated rates of drying.
pump rules for streams. E Protect pools in streams,
Cease / commence to wetlands, lagoons and . . . MER
5 i . pump rules for in-stream and floodplains within the WRP area | N4 — Projects r_esultlng from ToIerabI(_e -R_econ_wmgnd monitoring of planned for
Molong Creek Flec{)Svis_ Oow Oor Low off-river pools. H-* M-* H/M C during dry periods. appllcatlon of risk treatment M WAL activation (likelihood is low as WSP
B Fesict consircion of - Lo T S v bbb A oy S O WAL | abeves
river dams on 3rd order or assess risk in unregulated g MER for N4

higher streams.

sections of the WRP area.
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] — UNREGULATED SYSTEM

o o @ = x~ ; .
2 3 =4 ) = & Explanation of tolerable risk
Water source 8 e o = S oo 55 o = application Monitoring
Ao " . S = _ . _ @
within WRP ELOaV;’a?::e?i:;ﬁ:Ct'on Current critical mechanisms = = o = %E § %_ Strategies New critical mechanisms = % OR and
area @ £ ® ©SplT | 20 5 — | Explanation of why risk cannot be evaluation
S i [v4 % S = 'c% E addressed
o —
Molong Creek Fresh Flows M-* L-* H/M N/A l’:')f,’vne required — risks are N/A None required — risks are low
High and Infrequent E04 _ I
i IHeZ! Trade limits or prohibitions x * None required — risks are . .
Molong Creek ELC;V;/SSASFHK FUllls | etween surface water plan L L H/M N/A low N/A | None required — risks are low
areas, water sources, and
High and Infrequent management zones to manage None required — risks are
Molong Creek ;lgWS - O\'/A\eélBank entitlement growth L-* L-* H/M N/A ow q N/A | None required — risks are low
.5 years
High and Infrequent . .
Molong Creek Elgws - Over Bark L+ L* | HM N/A none required — risks are N/A | None required — risks are low
.0 years
Trade limits or prohibitions . . MER
between surface water plan N4 — Projects resulting from Tolerable - Recommend frequent planned for
Piambong Creek | Zero Flow Periods areas, water sources, and H+ M+ H/M N/A application of risk treatment M monitoring of WAL activation (impactis | WSP
management zones to manage &pé'lgncc Expe? oplrtuo? W.'th likely to occur with growth in use) objectives
entitlement growth onfirmation strategies MER
or N4
Cease / commence to
pump rules for streams.
_ . MER
Cease / commence to Limit consumptive water N4 — Projects resulting from Tolerable - R df lanned for
Piambong Creek Base-flow or Low pump rules for in-stream and H-* M-* H/M N/A extractions in the WRP area to application of risk treatment olerabe - fecommef.‘ requent \F;VSP
Flows off-river pools. the predefined share of available | gption C Expert opinion with M {T;(O?'t?”ng 0 W':}']— aCt\'/\\//téﬁIQn (impact is objectives
. . . DS : ikely to occur with growth in use
Restrict construction of in- water. _ MER confirmation strategies y 9 )
fiver dams on 3rd order or Protect low flow habitats from MER for N4
higher streams. accelerated rates of drying.
E Protect pools in streams,
wetlands, lagoons and ) )
Piambong Creek | Fresh Flows L-* L-* H/M N/A Lloo_dpl?jins Wit_hig the WRP area IIEI)(\:vne required —risks are N/A | None required — risks are low
uring dry periods.
— Improve knowledge to
High and Infrequent E¥ Trade limits or prohibitions assess risk in unregulated : .
Piambong Creek | Flows - Bank Full 1.5 | petween surface wa?er plan LO L° H/M N/A | sections of the WRP area. l’;‘) 3\/”9 required —risks are N/A | None required — risks are low
years ARI areas, water sources, and
High and Infrequent management zones to manage _ ]
Piambong Creek glgws - O\,/Ang IBank entitlement growth LO L° H/M N/A I’:IJsvne required — risks are N/A | None required — risks are low
.5 years
High and Infrequent . .
Piambong Creek glgws - OvAeRr)IBank LO L° H/M N/A Ilzl)t/)vne required — risks are N/A None required — risks are low
.0 years
Trade limits or prohibitions
between surface water plan . ) L MER
areas, water sources, and o ) N4 — Projects resulting from Tolerable -Recommend monitoring of planned for
Pipeclay Creek | Zero Flow Periods management zones to manage H+ M+ H/M C Limit consumptive water application of risk treatment M WAL activation (likelihood is low as WspP
entitiement growth extractions in the WRP areato | option C Expert opinion with assets / values are above WAL objectives
Cease | commence o the predefined share of available | MER confirmation strategies locations) VER for N4
water.
pump rules for streams. Protect low flow habitats from
Cease / commence to accelerated rates of drying. VER
pump rules for in-stream and @ Protect pools in streams, N4 — Projects resulting from Tolerable -Recommend monitoring of planned for
Pipeclay Creek Base-flow or Low off-river pools. Ho* M-* H/M c wetlands, lagoons and application of risk treatment M WAL activation (likelihood is low as WSP
Flows Restrict construction of in- floodplains within the WRP area | ghtion C Expert opinion with assets / values are above WAL objectives
river dams on 3rd order or during dry periods. MER confirmation strategies locations)
higher streams. Improve knowledge to MER for N4
— — assess risk in unregulated
Trade limits or prohibitions sections of the WRP area. _ _
Pipeclay Creek Fresh Flows between surface water plan L+ L H/M N/A None required — risks are N/A None required — risks are low

areas, water sources, and
management zones to manage

low
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] — UNREGULATED SYSTEM

o o @ = x~ ; .
9 o o So= | o iz Explanation of tolerable risk
Water source 3 S = S o 3 € c 2 application Monitoring
. o = = =] L35
within WRP FLOW or e>_<trgct|on Current critical mechanisms % = o = 3§ 3 2 Strategies New critical mechanisms e ¢ OR and
area characteristic 7 g > 38T | £8& $— | Explanation of why risk cannot be evaluation
2 x .9 28 | T 3 P y
o 3 [14 E5=| o o addressed
@) "05 ) x —
High and Infrequent entitlement growth . .
Pipeclay Creek Flows - Bank Full 1.5 L-* L-* H/M N/A {:I)Svne required —risks are N/A None required — risks are low
years ARI
High and Infrequent . .
Pipeclay Creek Flows - Over Bank LO L° H/M N/A Esvne required — risks are N/A None required — risks are low
2.5 years ARI
High and Infrequent . .
Pipeclay Creek Flows - Over Bank LO L° H/M N/A {:I)Svne required —risks are N/A None required — risks are low
5.0 years ARI
Trade limits or prohibitions MER
Queen between surface water plan Decision tool indicates risk i i planned for
Charlottes Vale Zero Flow Periods areas, water sources, and M H+ H+ H/M B/C N4 — Proiects resulting from H ecision ool Indicates risk 1S no WSP
: - Froj A g tolerable as there is high potential for P
Evans Plains management zones to manage . . - objectives
: application of risk treatment extraction to impact ecological values
entitlement growth tion C Expert opinion with : pac > MER for N5
) (I\)/IpER p pert op ! and a river gauge is available. Frequent
Cease / commence to confirmation strategies likelihood monitoring is recommended.
pump rules for streams. N5 - Reviews resulting from MER
Queen Cease / commence to Limit consumptive water application of risk treatment These risk results cannot be addressed | [\
Charlottes Vale Base-flow or Low pump rules for in-stream and M Hox ot H/M B/C extractions in the WRP area to option B Fill knowledge gap / during WRP development as NSW \BVSP
' Flows off-river pools. the predefined share of available | evaluate effectiveness of H planning principles minimise change for P
Evans Plains o ; . S . objectives
Restrict construction of in- water. existing strategies WSPs within their initial ten year period
fiver dams on 3rd order or Protect low flow habitats from to provide certainty for water users. MER for N5
higher streams. accelerated rates of drying.
E Protect pools in streams,
Queen wetlands, lagoons and ] )
Charlottes Vale | Fresh Flows M L-* L-* H/M N/A | floodplains within the WRP area | None required —risks are N/A | None required — risks are low
Evans Plains during dry periods. low
Improve knowledge to
Queen High and Infrequent | & Trade limits or prohibitions assess risk in unregulated : :
Charlottes Vale | Flows - Bank Full 1.5 | petween surface water plan ML L-* HIM N/A | sections of the WRP area. lN one required —risks are N/A | None required — risks are low
Evans Plains years ARI areas, water sources, and o
Queen High and Infrequent management zones to manage _ '
Charlottes Vale | Flows - Over Bank entitlement growth M L+ L+ H/M N/A IIII) 3\/”6 required —risks are N/A | None required — risks are low
Evans Plains 2.5 years ARI
Queen High and Infrequent ) .
CharlotttTS Vale Flows - Over Bank M LO L° H/M N/A {:I)f/)vne required — risks are N/A None required — risks are low
Evans Plains 5.0 years ARI
Trade limits or prohibitions MER
between surface water plan N4 — Projects resulting from
. - lanned for
Summerhill . areas, water sources, and icati i Tolerab]e Recommer)d ffeq“.e”t . P
Creek zero Flow Periods management zones to manage H+ M+ HM c ﬁpﬁgﬁagogxozrrltslg tirrfi?)trzn v(\anrtlh M monitoring of WAL activation (impactis | WSP
itl h Limit consumptive water P -Xpert op . likely to occur with growth in use) objectives
entitlement growt extractions in the WRP area to MER confirmation strategies MER for N4
Cease / commence to the predefined share of available
pump rules for streams. water.
Cease / commence to Protect low flow habitats from N4 — Projects resulting from MER
. ump rules for in-stream and accelerated rates of drying. o . - lanned for
Summerhill Base-flow or Low gff-ris er pools. Hox M-* H/M C @ Protect pools in stre)allmg, application of risk treatment M L\Ie?/tigvslgﬂ?ﬂg WF;e;:c()jrg\r/r;egs r:érnattegy SVSP
Creek Flows Restrict construction of in- wetlands, lagoons and option C Expert opinion with (active gauge is not available) objectives
river dams on 3rd order or floodplains within the WRP area | MER confirmation strategies MER for N4
higher streams. during dry periods.
Improve knowledge to
Trade limits or prohibitions assess risk in unregulated
Summerhil between surface water plan sections of the WRP area. . .
Creek Fresh Flows areas, water sources, and M-* L-* H/M N/A {:IJsvne required — risks are N/A None required — risks are low

management zones to manage
entitlement growth
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SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] — UNREGULATED SYSTEM

o o @ = x~ ; .
8 3 =4 ) GE) & Explanation of tolerable risk

Water source . o o = S o9 = € o — application Monitoring

within WRP ELOaVIYa?::e?’)i::ﬁ:Ctlon Current critical mechanisms % = g E 3§ § %_ Strategies New critical mechanisms % % OR and

area @ £ ® o & T | co 5 — | Explanation of why risk cannot be evaluation

o i [v4 8SS5=| o ) addressed
(@) "05 ) x —
. High and Infrequent . .
Summerhill o - . .
Creek Flows - Bank Full 1.5 Lo L H/M N/A ll:l)svne required —risks are N/A | None required — risks are low
years ARI
. High and Infrequent ) )
Summerhill o — . .
Creek Flows - Over Bank LO L H/M N/A Ilzl)svne required —risks are N/A None required — risks are low
2.5 years ARI
. High and Infrequent . .
Summerhill o - . .
Creek Flows - Over Bank Lo L H/M N/A IIII) Svne required —risks are N/A | None required — risks are low
5.0 years ARI
N4 — Projects resulting from
application of risk treatment
Trade limits or prohibitions Ic\)/lpéllgncgnﬁi(rgzgo%plsrt“rg?e\gilég g/ll:r?ne dfor

Turon Crudine . between surface water plan _ _

River Zero Flow Periods areas, water sources, and M H+ H+ HM BIC N5 -.Reylews rgsultlng from H Decision tool indicates risk is not V\E)SP .
management zones to manage appllcatloq of risk treatment tolerable as there is high potential for objectives
entitlement growth option B Fill knowledge gap / extraction to impact ecological values MER for N5
Cease / commence to evaluate effectiveness of and a river gauge is available. Frequent
pump rules for streams. existing strategies likelihood monitoring is recommended.

Cease / commence to Limit consumptive water N4 — Projects resulting from These risk results cannot be addressed
: : : o . during WRP development as NSW
pump rules for in-stream and extractions in the WRP area to application of risk treatment lannina orincioles minimise chanae for
off-river pools. the predefined share of available | option C Expert opinion with \F/)VSPS %&n thpeir initial ten year pgeriod MER
, Restrict construction of in- water. , MER confirmation strategies to provide certainty for water users planned for
'I};:Jvrgrn Crudine E%svss-flow or Low river dams on 3rd order or M M-* M-* H/M B/C P"IOIECI lc(i)w flow ?%b't_ats from | \i5 . Reviews resulting from M P Y WSP
higher streams. E:%er;;a;e orca)llf?nostrégrrr]g application of risk treatment objectives
wetlands IFe)\ oons and ' option B Fill knowledge gap / MER for N5
floodolai ' g‘th' the WRP evaluate effectiveness of
df’;’ing %'rr;sp":rio'gs € area | existing strategies
Turon Crudine Improve knowledge to
u udi sk i ired — ri . .
River Fresh Flows M L-* L~ H/IM N/A gz(s:ggﬁs”zlf( ;Reuwg%u!;t:s ll:l)svne required —risks are N/A None required — risks are low
. High and Infrequent Trade limi hibiti . .
Turon Crudine rade limits or prohibitions ., _
River Flows - Bank Full 1.5 | petween surface water plan M LO L H/M N/A |N one required — risks are N/A | None required — risks are low
years ARI areas, water sources, and ow
Turon Crudin High and Infrequent management zones to manage ) .
R?vgr HAN® 1 Flows - Over Bank entitlement growth M LO L HIM N/A IT) 8Vne required —risks are N/A | None required — risks are low
2.5 years ARI
. High and Infrequent . .
Turon Crudine o — . .
River Flows - Over Bank M Lo L H/M N/A IIII) Svne required —risks are N/A | None required — risks are low
5.0 years ARI
e e e o B Limit consumptive water planned for
Upper Bogan i extractions in the WRP area to Decision tool indicates risk is not
: Zero Flow Periods M H+ H+ H/M B/C : . i i T . WSP

River e ﬂ:ﬁ;ﬁgﬁféf?ﬂgzib&rﬂgnme the predefined share of available | N4 — Projects resulting from g tolerable as there is high potential for objSectives

entitlement growth water. _ application of risk treatment extraction to impact ecological values

) Protect low flow habitats from Ic\)/lpéllgn C EXPGFF opinion with and a river gauge is available. Frequent MER for N5
Cease / commence to accelerated rates of drying. confirmation strategies likelihood monitoring is recommended.
pump rules for streams. @A Protect pools in streams, N5 - Reviews resulting from MER
Cease / commence to wetlandg, Iag_oo_ns and application of risk treatment These risk results cannot be addressed lanned for

Upper Bogan Base-flow or Low pump rules for in-stream and M Hot Hox H/M B/C floodplains within the WRP area | option B Fill knowledge gap / during WRP development as NSW \eVSP

River Flows off-river pools. during dry periods. evaluate effectiveness of H planning principles minimise change for obiectives
Restrict construction of in- Improve knowledge to existing strategies WSPs within their inital ten year period | é e

assess risk in unregulated or

river dams on 3rd order or
higher streams.

sections of the WRP area.

to provide certainty for water users.
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] — UNREGULATED SYSTEM

o o @ = x~ ; .
Wat % g o é © § z _ 8 Expllan?_tlon of tolerable risk vonitort
ater source . S) = Do = O — application onitoring
within WRP Flow or e>_<trgct|on Current critical mechanisms = = o = 3§ 3 2 Strategies New critical mechanisms =9 OR and
characteristic Q o x~ SCo=| 59 CRO ; ; ;
area o X © ©nd | TO o Explanation of why risk cannot be evaluation
o i 4 8SS5=| o ° addressed
@) T O x —
o —
MER
Upper Bogan planned for
! Fresh Flows M H-* H-* H/M B/C H WSP
River o
objectives
MER for N5
MER
High and Infrequent planned for
gﬁ/%?r Bogan Flows - Bank Full 1.5 Trade limits or prohibitions | M M-* M-* H/M B/C M WSP
years ARI between surface water plan objectives
areas, water sources, and MER for N5
management zones to manage MER
High and Infrequent | entitlement growth planned for
npRerBogan | Fiows - Over Bank M| M M* | HM | BIC M WSP
2.5 years ARI objectives
MER for N5
MER
Upper Bogan High and Infrequent planned for
River Flows - Over Bank M M-* M-* H/M B/C M W_SP _
5.0 years ARI objectives
MER for N5
Trade limits or prohibitions
between surface water plan MER
Upper areas, water sources, and i ; planned for
Cudgegong Zero Flow Periods ’ ’ M H+ H+ H/M B/C N4 — Projects resulting from H WSP
River management zones to manage application of risk treatment objectives
entitlement growth option C Expert opinion with MER for N5
Cease / commence to MER confirmation strategies or
pump rules for streams. N5 - Reviews resulting from
Cease / commence to application of risk treatment MER
Upper Base-flow or Low pump rules for in-stream and option B Fill knowledge gap / planned for
Cudgegong Flows off-river pools. M H-* H-* H/M B/C evaluate effectiveness of H WSP
River E18 Restrict construction of in- existing strategies objectives
river dams on 3rd order or Limit consumptive water MER for N5
higher streams. extractions in the WRP area to Decision tool indicates risk is not
the predefined share of available tolerable as there is high potential for
water. extraction to impact ecological values MER
Upper Protect low flow habitats from and a river gauge is available. Frequent | planned for
Cudgegong Fresh Flows M M-* M-* H/M B/C accelerated rates of drying. M likelihood monitoring is recommended. | WSP
River A Protect pools in streams, objectives
wetlands, lagoons and These risk results cannot be addressed | MER for N5
floodplains within the WRP area during WRP development as NSW
dUring dry periOdS. N4 — PrOjectS reSUlting from p|anning princip|es minimise Change for MER
Upper High and Infrequent Improve knowledge to application of risk treatment WSPs within their initial ten year period | Planned for
Cudgegong Flows - Bank Full 1.5 Trade limits or prohibitions | M M-* M-* H/M B/C assess risk in unregulated option C Expert opinion with M to provide certainty for water users. WSP
River years ARI between surface water plan sections of the WRP area. MER confirmation strategies objectives
areas, water sources, and N5 - Reviews resulting from MER for N5
management zones to manage application of risk treatment MER
Upper High and Infrequent entitlement growth option B Fill knowledge gap / planned for
Cudgegong Flows - Over Bank M M-* M-* H/M B/C evaluate effectiveness of M WSP
River 2.5 years ARI existing strategies objectives
MER for N5
MER
Upper High and Infrequent planned for
Cudgegong Flows - Over Bank M M-* M-* H/M B/C M WSP
River 5.0 years ARI objectives
MER for N5
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] — UNREGULATED SYSTEM

o o @ = x~ ; .
g 3 =2 = = GE) & Explanation of tolerable risk
Water source . o o = S o9 = € o — application Monitoring
within WRP Flow or e>_<tr§ct|on Current critical mechanisms = = o = 3§ 3 2 Strategies New critical mechanisms =9 OR and
characteristic Q o x~ SCo=| 59 CRO ; ; ;
area o X © ©nd | TO o Explanation of why risk cannot be evaluation
o i [v4 8SS5=| o ) addressed
O T O x =
o —
Decision tool indicates risk is not
tolerable as there is high potential for
extraction to impact ecological values MER
Trade limits or prohibitions and a river gauge is available. Frequent | p1anned for
U_pper Talbragar Zero Flow Periods between surface water plan M H+ H+ H/M B/C H Ilkellhoo_d monitoring is recommended. WSP
River areas, water sources, and N4 — Projects resulting from These risk results cannot be addressed objectives
management zones to manage application of risk treatment during WRP development as NSW
it h . Lo 1 Drine o MER for N5
entitlement growt option C Expert opinion with planning principles minimise change for
Cease / commence to MER confirmation strategies WSPs within their initial ten year period
pump rules for streams. N5 - Reviews resulting from to pro_vlde certainty for water users.
Cease / commence to Limit consumptive water application of risk treatment E)(IeecrlestI;Ig ;%o:r:g?éciasti? rrI]Skolfep]ng for
pump rules for in-stream and extractions in the WRP area to option B Fill knowledge gap / extraction to impact ec%lop ical values
off-river pools. the predefined share of available | evaluate effectiveness of a)ri da rliver 9 ;uge is availagl;Ie l\:/rel:quent MER
Upper Talbragar | Base-flow or Low Restrict construction of in- . . water. . existing strategies lielihood monitoring is recommended. planned for
! . M M- M- H/M B/C Protect low flow habitats from M ; wsp
River Flows river dams on 3rd order or ; These risk results cannot be addressed it
higher streams accelerated rates of drying. : objectives
. @ Protect pools in streams during WRP development as NSW
p ) ; o PR MER for N5
wetlands, lagoons and planning principles minimise change for
roodeaiﬁs within the WRP area WSPs within their initial ten year period
during dry periods to provide certainty for water users.
Unper Talbragar Improve knowledge to , )
e 98" | Fresh Flows M| L L* | HM N/A | assess risk in unregulated l'z')sv”e required —risks are N/A | None required — risks are low
sections of the WRP area.
High and Infrequent Trade limi hibiti . .
Upper Talbragar rade limits or prohibitions . _ ) )
e 98" | Flows - Bank Full 15 | petween surface water plan M | Lo L H/M N/A IT)(\?vne required —risks are N/A | None required — risks are low
years ARI areas, water sources, and
High and Infrequent management zones to manage _ _
Upper Talbragar ; ° -
Rir\)/%r 9 Flows - Over Bank entitlement growth M LO L H/M N/A lNone required — risks are N/A None required — risks are low
2.5 years ARI ow
High and Infrequent . .
Upper Talbragar o - . .
RiF\)/F()er 9 Flows - Over Bank M LO L H/M N/A lNone required — risks are N/A None required — risks are low
5.0 years ARI ow
Trade limits or prohibitions
between surface water plan
Wambangalong areas, water sources, and
. management zones to manage ired —ri
Whylandra Zero Flow Periods entitlegr]nent growth 9 H L L H/M C Ilzl)(\?vne required — risks are N/A | None required — risks are low
Creek
Cease / commence to Limit consumptive water
pump rules for streams. extractions in the WRP area to
Cease / commence to the predefined share of available
pump rules for in-stream and water.
Wambangalong off-river pools. P low flow habi f _ _
Base-flow or Low 0 rotect low flow habitats from | 56 required — risks are . .
Whylandra Flows Restrict construction of in- H LO L H/M N/A accelerated rates of drying. low q N/A None required — risks are low
Creek river dams on 3rd order or A Protect pools in streams,
higher streams. wetlands, lagoons and
Wamb | floodplains within the WRP area
ambangalong during dry periods. fad
Whylandra Fresh Flows H |Lo L° H/M N/A Improve knowledge to l’:l)svﬂe required —risks are N/A | None required — risks are low
Creek Trade limits or prohibitions assess risk in unregulated
Wambangalong | High and Infrequent g?é\;v: evr\]/ail(i‘rrfzgﬁr\(’:vs;e;ﬂ?n sections ol the WP area None required — risks are
Whyl Fl - Bank Full 1. ' ' H LO L° H/M N/A - ired — ri
ylandra ows - Bank Full 1.5 management zones to manage low N/A None required — risks are low
Creek years ARI .
_ entitlement growth
Wambangalong | High and Infrequent . .
Whylandra Flows - Over Bank H LO Le H/M N/A lNone required — risks are N/A | None required — risks are low
Creek 2.5 years ARI ow
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SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] — UNREGULATED SYSTEM

o o @ = x~ ; .
2 3 =4 ) = & Explanation of tolerable risk
Water source . o o = S o9 = € o — application Monitoring
within WRP Flow or e>_<tr§ct|on Current critical mechanisms = = o = 3§ 3 2 Strategies New critical mechanisms =9 OR and
characteristic ] o) ~ o o= = o © . . .
area o X © °Cnd | To % — | Explanation of why risk cannot be evaluation
o i x S5=| o © addressed
o © & x =
o —
Wambangalong | High and Infrequent . .
Whylandra Flows - Over Bank H LO L° H/M N/A None required —risks are N/A None required — risks are low
Creek 5.0 years ARI low
Trade limits or prohibitions . . MER
Winburndal between surface water plan N4 — Projects resulting from Tolerable - Recommend frequent planned for
Ril/nulgtm ale Zero Flow Periods areas, water sources, and M H+ H+ H/M c app_llcatlon of risk treatment H monitoring of WAL activation (impactis | WSP
management zones to manage option C Expert opinion with likely to occur with growth in use) objectives
entitlement growth MER confirmation strategies MER for N4
Cease / commence to
pump rules for streams.
Cease / commence to Limit consumpti ; ; MER
: ptive water N4 — Projects resulting from
Winburndale Base-flow or Low pump rules for in-stream and % o extractions in the WRP area to application of risk treatment Tolerable - Recommend frequent planned for
; i M H- H- H/M c P H monitoring of WAL activation (impact i WSP
Rivulet Flows off-river pools. the predefined share of available | option C Expert opinion with nonitoring of WAL activation (impact is g
. , : P b -XPert op . likely to occur with growth in use) objectives
Restrict construction of in- water. MER confirmation strategies
river dams on 3rd order or Protect low flow habitats from MER for N4
higher streams. accelerated rates of drying.
@ Protect pools in streams,
Winburndale wetlands, lagoons and None required — risks are ) )
Rivulet Fresh Flows M L L HIM N/A floodplains within the WRP area | |\ a N/A None required — risks are low
during dry periods.
Winburndal High and Infrequent 0| Impr_O\{(e_ knowledglye tz
inburndale E Trade limits or prohibitions * * assess risk in unregulate None required — risks are i i
; Flows - Bank Full 1.5 M L- L- H/M N/A ; -
Rivulet years ARI between surface water plan sections of the WRP area. low N/A | None required —risks are low
h and N " areas, water sources, and
. igh and Infrequen . .
Winburndale management zones to manage . _ ) ]
! Flows - Over Bank entitlement arowth M LO L H/M N/A None required — risks are N/A None required — risks are low
Rivulet g low
2.5 years ARI
. High and Infrequent . .
\é\ﬁ/nut:gtr ndale Flows - Over Bank M Lo Le H/M N/A None required — risks are N/A | None required — risks are low
5.0 years ARI low
Trade limits or prohibitions MER
between surface water plan planned for
Castlereagh _ areas, water sources, and WSP
River Binnaway Zero Flow Periods management zones to manage H+ M+ H/M B/C M objectives
to Gilgandra entitlement growth MER for N4
Cease / commence to Decision tool indicates risk is not MER for N5
pump rules for streams. tolerable as there is high potential for
Cease / commence to Limit consumptive water N4 — Projects resulting from extraction to impact ecol_oglcal values
pump rules for in-stream and extractions in the WRP areato | application of risk treatment and a river gauge is available. Frequent
off-river pools. the predefined share of available | 9Ption C Expert opinion with Ireiood momtoring i recommended
Restrict construction of in- water. _ MER confirmation strategies change as ecological consequence is
river dams on 3rd order or Protect low flow habitats from | N5 - Reviews resulting from low MER
higher streams. E:celerated rates of drying. application of risk treatment ) planned for
. . . Protect pools in streams, option B Fill knowledge gap / .
ggstleégagh Base-flow or Low while there_ls no V|S|_ble He MLt iy B/C wetlands E\ goons and e\F/)aluate effectivenesgs ong P The_se risk results cannot be addressed WSP
IVer Binnaway | 0. flow at the location at which - - flood Iaiﬁs within the WRP area | existing strateqies M during WRP development as NSW objectives
to Gilgandra water is proposed to be taken, durinp drv periods 9 9 planning principles minimise change for | MER for N4
water must not be taken for any In% rgvg knowléd e to WSPs within their initial ten year period
24-hour period starting at 18:00 assessprisk in unre u?ated to provide certainty for water users. MER for N5
on an even-numbered calendar sections of the WR%’ area
day under an access licence )
that nominates a water supply
work (spearpoint) within the
alluvial sand beds
Castlereagh Trade limits or prohibitions _ '
River Binnaway | Fresh Flows between surface water plan L-* L-* H/M N/A None required — risks are N/A None required — risks are low
to Gilgandra areas, water sources, and low

management zones to manage
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] — UNREGULATED SYSTEM

o 33 = X~
2 3 =4 T § = E & Explanation of tolerable risk
Water source . o o = S o9 = € o — application Monitoring
within WRP ELOaV:aZI;)i(;ﬁ:C“O” Current critical mechanisms % = g E 3§ § %_ Strategies New critical mechanisms % % OR and
area @ £ ® o & T | co 5 — | Explanation of why risk cannot be evaluation
o i [v4 8SS5=| o ) addressed
(@) "05 ) x —
Castlereagh High and Infrequent entitlement growth ) .
Rive_r Binnaway Flows - Bank Full 1.5 L LO L° H/M N/A lNone required —risks are N/A None required — risks are low
to Gilgandra years ARI ow
Castlereagh High and Infrequent ) )
River Binnaway | Flows - Over Bank L LO L° H/M N/A lNone required — risks are N/A None required — risks are low
to Gilgandra 2.5 years ARI ow
Castlereagh High and Infrequent ) .
River Binnaway | Flows - Over Bank L LO Le H/M N/A lNone required — risks are N/A | None required — risks are low
to Gilgandra 5.0 years ARI ow
MER
Castlereagh Trade limits or prohibitions N4 = Projects resulting from Tolerable - Recommend monitoring of | yjanned for
Rwerdbove | Zero Flow Perods | betveen sufacevaterplan | VH |10 [M' | HM | 0D coplcaton of sk veamert |y | WAL scvaton (elfood s owbut | e
Binnawa objectives
Y areas, water sources, and MER confirmation strategies assets and/or values) ]
management zones to manage MER for N4
entitlement growth , , Decision tool indicates risk is not
Cease / commence to N4 — Projects resulting from tolerable as there is high potential for
pump rules for streams. ap?hcagog of ”tSk tre_atmertl:] extraction to impact ecological values
option £ Expert opinion wi and a river gauge is available. Frequent | MER
Castlereagh Coase Commence 10 MER confirmation strategies lielinood monitoring is recommended. | planned for
. Base-flow or Low pump rules for in-stream and ) )
R_lver above Flows off-river pools. VH M- H- HIM B/C/D N5 - Reviews resulting from H WSP .
Binnaway g . ion of i o ) application of risk treatment These risk results cannot be addressed | objectives
Restrict construction of in- Limit consumptive water option B Fill knowledge gap / during WRP development as NSW MER for N5
L'Yehr dams on 3rd order or extractions in the WRP areato | evaluate effectiveness of planning principles minimise change for
igher streams. the predefined share of available | existing strategies WSPs within their initial ten year period
water. to provide certainty for water users.
Protect low flow habitats from _ _ T MER
Castlereagh accelerated rates of drying. N4 - Prpjects r_esultlng from Tolerable_z - Recomm'end m.onltorlng of planned for
River above Fresh Flows VH L- M- H/M C @ Protect pools in streams, appllcatlon of risk t.re.atme.nt M WAL activation (Ilkgllhood is !ow but WSP
Binnaway wetlands, lagoons and option C Expert opinion with water source contains very high value objectives
floodplains within the WRP area | MER confirmation strategies assets and/or values) MER for N4
ﬁing dry periods. MER
; ik] Improve knowledge to N4 — Projects resulting from Tolerable - Recommend monitoring of
Castlereagh High and Infrequent g assess risk in unregulated application of risk treatment WAL activation (likelihood is low but planned for
River above Flows - Bank Full 1.5 L _ VH LO M HIM C fi f the WRP X = . M - X WSP
Binnaway years ARI Trade limits or prohibitions sections or the area. option C Expert opinion with water source contains very high value objectives
between surface water plan MER confirmation strategies assets and/or values) ;
areas, water sources, and MEE or N4
Castlereagh High and Infrequent metl'rt]lagem(tem Z\%‘ﬁs to manage N4 — Projects resulting from Tolerable - Recommend monitoring of planned for
River above Flows - Over Bank entitlement gro vVH | Lo M° H/M C application of risk treatment M WAL activation (likelihood is low but WSP
Binnaway 2.5 years ARl option C Expert opinion with water source contains very high value objectives
MER confirmation strategies assets and/or values)
MER for N4
MER
Castlereagh High and Infrequent N4 — Projects resulting from Tolerable - Recommend monitoring of planned for
River above Flows - Over Bank VH LO M° H/M C appllcatlon of risk treatment M WAL activation (Ilkgllhood is !ow but WSP
Binnaway 5.0 years ARI option C Expert opinion with water source contains very high value objectives
MER confirmation strategies assets and/or values)
MER for N4
Trade limits or prohibitions Limit consumptive water Decision tool indicates risk is not MER
between surface water plan extractions in the WRP area to tolerable as there is high potential for planned for
Castlereagh _ areas, water sources, and the predefined share of available | N4 — Projects resulting from extracti_on to impa<_:t ecol_ogical values WSP
River below Zero Flow Periods management zones to manage | L H+ M+ H/M B/C water. application of risk treatment M and a river gauge is available. Frequent objectives
Coonamble entitlement growth Protect low flow habitats from | option C Expert opinion with lielihood monitoring is recommended. |\ 1o e\ 4
Cease / commence to accelerated rates of drying. MER confirmation strategies Risk largely driven by hydrological MER for N5
pump rules for streams. @ Protect pools in streams, N5 - Reviews resulting from ;:hange as ecological consequence is or
Cease / commence to Wetland§, Iag.oo.ns and application of risk treatment ow. MER
pump rules for in-stream and floodplains within the WRP area | option B Fill knowledge gap / . planned for
Castlereagh Base-flow or Low off-river pools. . . during dry periods. evaluate effectiveness of ghe_se \rllilg;egultslcannottbe a’\?g\rﬁssed WSsP
River below Flows i on of i L H- M- H/M B/IC Improve knowledge to existing strategies M uring ~ development as objectives
Coonamble =X} Restrict construction of in- L i planning principles minimise change for
iver d 3rd ord assess risk in unregulated e oo i MER for N4
river dams on 3rd order or sections of the WRP area. WSPs within their initial ten year period or
higher streams. to provide certainty for water users. MER for N5
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] — UNREGULATED SYSTEM

O —
[} o c X
g 3 =2 = § = E & Explanation of tolerable risk
Water source . o o = S o9 = € o — application Monitoring
within WRP ELOaV;’a?::e?i:;ﬁ:Ct'on Current critical mechanisms % = g E 3§ § %_ Strategies New critical mechanisms % % OR and
area @ £ ® o & T | co 5 — | Explanation of why risk cannot be evaluation
o i [v4 8SS5=| o ) addressed
o © & x =
o —
Castlereagh . .
River below Fresh Flows L-* L-* H/M N/A lNone required — risks are N/A None required — risks are low
Coonamble ow
Castlereagh High and Infrequent Trade limits or prohibitions . .
River below Flows - Bank Full 1.5 | petween surface water plan L-* L-* HIM N/A Esvne required — risks are N/A | None required — risks are low
Coonamble years ARI areas, water sources, and
Castlereagh High and Infrequent management zones to manage red — risk
River below Flows - Over Bank entitlement growth L-* L-* H/M N/A IN one required — risks are N/A None required — risks are low
Coonamble 2.5 years ARI ow
Castlereagh High and Infrequent . .
River below Flows - Over Bank L-* L-* H/M N/A lNone required — risks are N/A None required — risks are low
Coonamble 5.0 years ARI ow
Trade limits or prohibitions . . MER
Castlereagh . between surface water plan N4F P;qect? r_eiutltlngt frorrt1 Tolerable - Recommend frequent planned for
River Gilgandra | Zero Flow Periods areas, water sources, and H+ M+ HIM C aptp |caclog 0 ”ts rea me_rtuh M monitoring of WAL activation (impactis | WSP
to Coonamble management zones to manage lc\)/lpEllgn f.xpe:_ Op":'o? wi likely to occur with growth in use) objectives
entitlement growth confirmation strategies MER for N4
Cease / commence to
pump rules for streams.
Cease / commence to
pump rules for in-stream and
off-river pools.
Restrict construction of in-
river dams on 3rd order or Limi ) MER
higher streams. Imit consumptive water N4 — Projects resulting from
Castlereagh L B . Not Tolerable - Recommend strate planned for
_ : . . . . tract the WRP t ay
River Gilgandra | Base-flow or Low while there is no visible H-* M+ | HM c exiractions In :he area o | application of risk treatment M | review during WRP development WsP
FIOWS the pl’edeflned Shal’e Of aVa”able 0pt|0n C Expert Op|n|0n Wlth ; N N . .
to Coonamble flow at the location at which water MER confirmation stratedies (active gauge is not available) objectives
water is proposed to be taken, Protect low flow habitats from 9 MER for N4
water must not be taken for any accelerated rates of drying
24-hour period starting at 18:00 | Protect pools in streams.
on an even-numbered calendar wetlands Il?agoons and '
day under an access licence or U9
that nominates a water supply zﬂﬂﬂglzl&sp\gmlgsthe WRP area
work. (spearpoint) within the Improve knowlé dge to
alluvial sand beds assess risk in unregulated
Castlereagh sections of the WRP area. _ )
River Gilgandra | Fresh Flows L L-* L-* H/M N/A lNone required — risks are N/A None required — risks are low
to Coonamble ow
Castlereagh High and Infrequent Trade limits or prohibitions . .
River Gilgandra | Flows - Bank Full 1.5 | petween surface water plan L L L-* H/M N/A ll:l)svne required —risks are N/A | None required — risks are low
to Coonamble years ARI areas, water sources, and
Castlereagh High and Infrequent management zones to manage . )
River Gilgandra | Flows - Over Bank entitlement growth L | L L-* HIM N/A lNO”e required — risks are N/A | None required — risks are low
to Coonamble 2.5 years ARI ow
Castlereagh High and Infrequent . .
River Gilgandra | Flows - Over Bank L L-* L-* H/M N/A lNone required — risks are N/A | None required — risks are low
to Coonamble 5.0 years ARI ow
Trade limits or prohibitions Limit consumptive water
: between surface water plan o i i None required — risks are . .
Nedgera Creek | Zero Flow Periods L Lo L H/M N/A extractions in the WRP area to q N/A None required — risks are low
areas, water sources, and the predefined share of available | low a
management zones to manage water.
entitiement growth Protect low flow habitats from
Nedgera Creek Base-flow or Low Cease / commence to L L0 Lo H/M N/A accelerated rates of drying. None required — risks are N/A | None required — risks are low

Flows

pump rules for streams.
Cease / commence to

@ Protect pools in streams,
wetlands, lagoons and

low
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] — UNREGULATED SYSTEM

o 33 = ~
g 3 =2 = § = E 0 Explanation of tolerable risk
Water source . o o = S o9 = € o — application Monitoring
within WRP ELOaV:aZI:i:;ﬁ;C“Oﬂ Current critical mechanisms % = g E 3§ § %_ Strategies New critical mechanisms % % OR and
area @ £ ® o & T | co 5 — | Explanation of why risk cannot be evaluation
o i [v4 8SS5=| o ° addressed
@) 8 ) x —
pump rules for in-stream and floodplains within the WRP area
off-river pools. during dry periods.
Restrict construction of in- Improve knowledge to
river dams on 3rd order or assess risk in unregulated
higher streams. sections of the WRP area.
Nedgera Creek Fresh Flows LO L° H/M N/A INOSVHe required — risks are N/A None required — risks are low
High and Infrequent Trade limits or prohibitions : ;
Nedgera Creek | Flows - Bank Full 1.5 | petween surface water plan LO L° H/M N/A l’:')svne required — risks are N/A None required — risks are low
years ARI areas, water sources, and
High and Infrequent management zones to manage . .
Nedgera Creek Flows - Over Bank entitlement growth LO L° HIM N/A lNone required — risks are N/A None required — risks are low
2.5 years ARI ow
High and Infrequent . .
Nedgera Creek Flows - Over Bank LO L° H/M N/A lNone required — risks are N/A None required — risks are low
5.0 years ARI ow
Trade limits or prohibitions
: ; ; between surface water plan None required — risks are . .
Teridgerie Creek | Zero Flow Periods M L+ L+ H/M C -
g areas, water sources, and low N/A None required — risks are low
management zones to manage
entitlement growth
Cease / commence to
pump rules for streams.
i Cease / commence to Limit consumptive water , ,
Teridgerie Creek E%svssflow or Low pump rules for in-stream and M LO L° H/M N/A extractions in the WRP area to lNone required —risks are N/A None required — risks are low
off-river pools. the predefined share of available | '©W
Restrict construction of in- water. ,
fiver dams on 3rd order or Protect low flow habitats from
higher streams. accelerated rates of drying.
@ Protect pools in streams,
wetlands, lagoons and ) .
Teridgerie Creek | Fresh Flows M | LO Le H/M N/A | floodplains within the WRP area | None required —risks are N/A | None required — risks are low
during dry periods. low
— Improve knowledge to
High and Infrequent Trade limits or prohibitions assess risk in unregulated ; .
Teridgerie Creek | Flows - Bank Full 1.5 | between surface water plan M LO L HIM N/A | sections of the WRP area. I’EI) (\3Vne required —risks are N/A | None required — risks are low
years ARI areas, water sources, and
High and Infrequent management zones to manage _ '
Teridgerie Creek | Flows - Over Bank entitlement growth M LO L° H/M N/A lN one required — risks are N/A None required — risks are low
2.5 years ARI ow
High and Infrequent . .
Teridgerie Creek | Flows - Over Bank M LO L° H/M N/A lNone required — risks are N/A None required — risks are low
5.0 years AR ow
Tooraweenah to Trade limits or prohibitions - : . .
Coonamble Zero Flow Periods between surface water plan L+ L+ HIM C tl;glttic;:r?sn?numgt{yveRvga;?éa to lN one required — risks are N/A | None required — risks are low
Tributaries areas, water sources, and the predefined share of available ow
management zones to manage water
entitlement growth Protect low flow habitats from
Cease / commence to accelerated rates of drying.
Tooraweenahto | o oo o pump rules for streams. @ Protect pools in streams, \ red - risk
Coonamble Flows Cease / commence to LO Le H/M N/A wetlands, lagoons and | one required — risks are N/A None required — risks are low
Tributaries pump rules for in-stream and floodplains within the WRP area ow

off-river pools.

Restrict construction of in-
river dams on 3rd order or

during dry periods.
Improve knowledge to
assess risk in unregulated
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.3. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT and CAPACITY TO MEET EWRS [E(W)] — UNREGULATED SYSTEM

o o @ = x~ ; .
9 o o S o~ | o K] Explanation of tolerable risk
Water source 3 S = S o 3 € c 2 application Monitoring
o i - : S 2 T =50 | ® . " _ 23T
within WRP ELOaV:a?::eer)i(;:ﬁ:Ctlon Current critical mechanisms = = o = 35 g %_ Strategies New critical mechanisms = % OR and
area @ £ ® o & T | co 5 — | Explanation of why risk cannot be evaluation
S i x 85=| © ° addressed
(@) 8 ) x —
higher streams. sections of the WRP area.
Tooraweenah to . .
Coonamble Fresh Flows L LO L° H/M N/A None required — risks are N/A None required — risks are low
Tributaries low
Tooraweenah to | High and Infrequent B Trade limits or prohibitions . .
Coonamble Flows - Bank Full 1.5 | petween surface wa?er plan L LO L° H/M N/A None required — risks are N/A None required — risks are low
Tributaries years ARI areas, water sources, and low
Tooraweenah to | High and Infrequent management zones to manage . )
Coonamble Flows - Over Bank entitlement growth L | Lo L° H/M N/A None required —risks are N/A | None required — risks are low
Tributaries 2.5 years ARI low
Tooraweenah to | High and Infrequent : .
Coonamble Flows - Over Bank L LO L° H/M N/A None required — risks are N/A None required — risks are low
Tributaries 5.0 years ARI low
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.4. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT FROM EXTRACTION UNDER BLR [E(BLR] — UNREGULATED WATER SOURCES ONLY

3 Se_| & . | |
e =) = Teo| ¢ & Explanation of tolerable risk
. 3 S = sgo| Ec & = application o
Water source Flow or extraction = < © = gg g . Strategy T R e s, Sy = 2 OR Monitoring and
within WRP area characteristic § g _‘ff’ 9 o E i = g ) Explanation (required if risk is evaluation
o = x 85=| © © above tolerable level)
O 8 ) o 2
Ef‘)ﬁv"a";’*a‘er BOgoy | LR (D&S) extraction M | NA | N/A | HM | N/A | No data available. N/A N/A
Bell River BLR (D&S) extraction L L L H/M N/A | None required. Risk is low. N/A N/A
Bulbodney . 16 Protect the environment from changes in flow . . T MER planned for
Grahway Creek BLR (D&S) extraction H H H H/M F attributable to growth in BLR extractive use. N1 Sustainable diversion limits H See below. WSP objectives
Burrendong Dam . 16 Protect the environment from changes in flow . . L MER planned for
Tributaries BLR (D&S) extraction M H H H/M F attributable to growth in BLR extractive use. N1 Sustainable diversion limits H See below. WSP objectives
Campbells River BLR (D&S) extraction M L L H/M N/A | None required. Risk is low. N/A See below. MER pla_nne_d for
WSP objectives
. . 16 Protect the environment from changes in flow . . C MER planned for
Coolbaggie Creek | BLR (D&S) extraction H H H H/M F attributable to growth in BLR extractive use. N1 Sustainable diversion limits H See below. WSP objectives
Cooyal Wialdra . 16 Protect the environment from changes in flow . . L MER planned for
Creek BLR (D&S) extraction L H M H/M F attributable to growth in BLR extractive use. N1 Sustainable diversion limits M See below. WSP objectives
Ewenmar Creek* BLR (D&S) extraction H N/A N/A H/M N/A | No data available. N/A N/A
Fish River BLR (D&S) extraction H L L H/M N/A | None required. Risk is low. N/A N/A
. 16 Protect the environment from changes in flow . . L MER planned for
Goolma Creek BLR (D&S) extraction L H M H/M F attributable to growth in BLR extractive use. N1 Sustainable diversion limits M See below. WSP objectives
. 16 Protect the environment from changes in flow . . L MER planned for
Lawsons Creek BLR (D&S) extraction L H M H/M F attributable to growth in BLR extractive use. N1 Sustainable diversion limits M See below. WSP objectives
. . . 16 Protect the environment from changes in flow . . L MER planned for
Little River BLR (D&S) extraction H H H H/M F attributable to growth in BLR extractive use. N1 Sustainable diversion limits H See below. WSP objectives
Iﬁ?\\/’ve?i Bogan BLR (D&S) extraction H NA | NJA | HM | N/A | Nodata available. N/A N/A
IF_e(i)\\/,;?: Macquarie | ) p (DgS)extraction | VH | NA | NJA | HM | NA | Nodata available. N/A N/A
Lower Talbragar . 16 Protect the environment from changes in flow . . Co MER planned for
River BLR (D&S) extraction M H H H/M F attributable to growth in BLR extractive use. N1 Sustainable diversion limits H See below. WSP objectives
Macquarie River BLR (D&S) extraction M L L H/M N/A | None required. Risk is low. N/A N/A
above Burrendong
Marra Creek* BLR (D&S) extraction M N/A N/A H/M N/A | No data available. N/A N/A
. 16 Protect the environment from changes in flow . . Co MER planned for
Marthaguy Creek BLR (D&S) extraction H H H H/M F attributable to growth in BLR extractive use. N1 Sustainable diversion limits H See below. WSP objectives
Maryvale Geurie BLR (D&S) extraction L H M H/M F 16 Protect the environment from changes in flow N1 Sustainable diversion limits M See below. MER planned for

Creek

attributable to growth in BLR extractive use.

WSP objectives
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.4. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT FROM EXTRACTION UNDER BLR [E(BLR] — UNREGULATED WATER SOURCES ONLY

o) 8% = x~ : .
2 =) = Teo| ¢ & Explanation of tolerable risk
. 3 S = sgo| Ec & = application o
Water source Flow or extraction = < © = gg g . Strategy T R e s, Sy = 2 OR Monitoring and
within WRP area characteristic § g _‘ff’ 9 o E i = gg Explanation (required if risk is evaluation
o = x 85=| © © above tolerable level)
O 8 ) o 2
Molong Creek BLR (D&S) extraction L L L H/M N/A | None required. Risk is low. N/A N/A
. . 16 Protect the environment from changes in flow . . T MER planned for
Piambong Creek BLR (D&S) extraction L H M H/M F attributable to growth in BLR extractive use. N1 Sustainable diversion limits M See below. WSP objectives
. . 16 Protect the environment from changes in flow . . S MER planned for
Pipeclay Creek BLR (D&S) extraction L H M H/M F attributable to growth in BLR extractive use. N1 Sustainable diversion limits M See below. WSP objectives
Queen Charlottes | ) o (heq) extraction M L L HM | N/A | None required. Risk is low. N/A N/A
Vale Evans Plains
Summerhill Creek BLR (D&S) extraction L L L H/M N/A | None required. Risk is low. N/A N/A
;‘ij\fgr“ Crudine BLR (D&S) extraction M L L HM | N/A | None required. Risk is low. N/A N/A
. . 16 Protect the environment from changes in flow . . Co MER planned for
Upper Bogan River | BLR (D&S) extraction M H H H/M F attributable to growth in BLR extractive use. N1 Sustainable diversion limits H See below. WSP objectives
gﬁ};ﬁr Cudgegong BLR (D&S) extraction M L L H/M N/A | None required. Risk is low. N/A N/A
gﬁ/%err Talbragar BLR (D&S) extraction M L L H/M N/A | None required. Risk is low. N/A N/A
Wambangalang . 16 Protect the environment from changes in flow . . Co MER planned for
Whylandra Creek BLR (D&S) extraction H H H HIM F attributable to growth in BLR extractive use. N1 Sustainable diversion limits H See below. WSP objectives
Winburndale . . C
Rivulet BLR (D&S) extraction M L L H/M N/A | None required. Risk is low. N/A N/A
Castlereagh River 16 Protect the environment from changes in flow MER planned for
(B;lirl1gn§1r\]/g;r1;)]/1 to BLR (D&S) extraction L H M H/M F attributable to growth in BLR extractive use. N1 Sustainable diversion limits M See below. WSP objectives
Castlereagh River . 16 Protect the environment from changes in flow . . L MER planned for
above Binnaway BLR (D&S) extraction VH L M H/M F attributable to growth in BLR extractive use. N1 Sustainable diversion limits M See below. WSP objectives
Castlereagh River | ) o g s) extraction L NA | NJA | HM | N/A | Nodata available. N/A N/A
below Coonamble
Castlereagh River . .
Gilgandra to BLR (D&S) extraction L H M H/M F 16 Protect the environment from chqnges in flow N1 Sustainable diversion limits H See below. MER pla_nne_d for
attributable to growth in BLR extractive use. WSP objectives
Coonamble
Nedgera Creek* BLR (D&S) extraction L N/A N/A H/M N/A | No data available. N/A N/A
Teridgerie Creek* BLR (D&S) extraction M N/A N/A H/M N/A | No data available. N/A N/A
Tooraweenah to . .
Coonamble BLR (D&S) extraction L H M H/M F 16 !Dt)rotetgzlt the enwrct)]n.ment from cha}nges in flow N1 Sustainable diversion limits M See below. MER plgnngd for
Tributaries attributable to growth in BLR extractive use. WSP objectives
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.4. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT FROM EXTRACTION UNDER BLR [E(BLR] — UNREGULATED WATER SOURCES ONLY

[¢}]
o oo = ~ : .
8 =) = kD) uEa 0 Explanation of tolerable risk
: ) g = T o O c ® = application L
Water source Flow or extraction =] g T = 50 < O . . 293 pp Monitoring and
within WRP area Sreracicr i & = = 5 gE =3 Strategy New critical mechanisms 23 OR evaluation
% < T)j ©aQ Zo S Explanation (required if risk is
S - 2 gc=| @ S above tolerable level)
a2 @ =

Current Critical Mechanisms:

E1 Reserve all water above the long-term average annual extraction limit (LTAAEL) for the environment as PEW (defined and managed by the listed WSPs).

E2 Available Water Determinations (AWD) adjust extractive use according to water availability.

E34 Minister may limit growth in BLR when a land holding is subdivided and there is high hydrological stress on the river or aquifer. Note: this mechanism is not currently applied in the Macquarie-Castlereagh WRPA

Explanation of Tolerable Risk Application:

Domestic and stock rights are established and controlled under the WM Act. Take from surface waters for this purpose does not require either a water access licence or a work approval. Generally domestic and stock rights estimations are a small component of
the consumptive demand on a water source. WSPs recognise and prioritise these rights in the management of long term extraction limits by including estimations in calculations and reducing licensed water use if corrective action is required. Risk to the
environment from growth in domestic and stock rights is generally tolerable because it is managed within long term extraction limits and the SDL.

In some circumstances, where demand is stronger or when water shortages occur, domestic and stock rights can be restricted by the Minister either temporarily, or through the establishment of a mandatory guideline. Domestic and stock rights may also be limited
by the Minister where high hydrologic stress on a water source may result from increased demand due to property subdivision. Risk to other users and the environment from growth in domestic and stock rights in these circumstances is tolerable because there are
mechanisms available to manage demand if required.

N/A no data available or not applicable
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.5. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT FROM INTERCEPTION ACTIVITIES [E(I-FD)]

i E - |
. 33 =1 2 Explanatlo_n of
2 o o 5 8= ) = tolerable risk
Location, reach or . o g £ T g o = . ® application Monitoring
. Water source . o Flow or extraction > = S = 50 (5] . New critical =
Risk tvpe extraction type within e aratic o = = So< = New strategies N ehanicme o OR and
yp WRP area @ £ @ o 9 ° 5 k=) Explanation of why evaluation
S 3 04 % 5= = 5 risk cannot be
o< x o addressed
x
Risk to water available for the
environment from farm dam interception Regulated Macquarie Marshes Negligible | Possible L L/'M N/A | None required. Risk is low N/A N/A
E(I-FD)
Risk to water available for the
environment from farm dam interception Regulated Wilgara Wetlands Negligible | Possible L L/M N/A | None required. Risk is low N/A N/A
E(I-FD)
Risk to water available for the _
environment from farm dam interception Unregulated BBellarkCt:)reek @ Warkton ?/%rlatlor\}Annual L L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD) (Blackburns) ndex C
Risk to water available for the Belar Creek @ Warkton
environment from farm dam interception Unregulated Blackb Low Flow Index Q90 L L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD) (Blackburns)
Risk to water available for the Belar Creek @ Warkton
environment from farm dam interception Unregulated Blackb High Flow Index Q10 L L L H/M N/A | None required. Risk is low N/A N/A
E(-FD) (Blackburns)
Risk to water available for the . .
environment from farm dam interception Unregulated Cast(ljereagh River @ Vzérlatlon Annual M L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD) Mendooran Index CV
Risk to water available for the Castlereagh River @
environment from farm dam interception Unregulated Mend 9 Low Flow Index Q90 M L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD) endooran
Risk to water available for the :
environment from farm dam interception Unregulated Cast(ljereagh River @ High Flow Index Q10 M L L H/M N/A None required. Risk is low N/A N/A
E(I-FD) Mendooran
Risk to water available for the Wallumburrawang Creek | Variation Annual
environment from farm dam interception Unregulated 9 L L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD) @ Bearbung Index CV
Risk to water available for the
environment from farm dam interception Unregulated Wallumtt))urrawang Creek Low Flow Index Q90 L L L H/M N/A None required. Risk is low N/A N/A
E(I-FD) @ Bearbung
Risk to water available for the Wallumburrawana Creek
environment from farm dam interception Unregulated Bearb 9 High Flow Index Q10 L L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD) @ Bearbung
Risk to water available for the -
environment from farm dam interception Unregulated But_lheroo Creek @ V?j”atlon Annual L L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD) Neilrex Index CV
Risk to water available for the Butheroo Creek @
environment from farm dam interception Unregulated Neilrex Low Flow Index Q90 L L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD)
Risk to water available for the
environment from farm dam interception Unregulated Elgtilr;g;oo Creek @ High Flow Index Q10 L L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD)
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.5. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT FROM INTERCEPTION ACTIVITIES [E(I-FD)]

i E - |
. 33 =1 2 Explanatlo_n of
2 o o S o o = tolerable risk
Location, reach or 3 3 = 559 = o application Monitorin
. Water source . o Flow or extraction > & S =50 (5] . New critical = PP 9
Risk tvpe extraction type within e aratic o = = So< = New strategies N ehanicme o OR and
yp WRP area @ £ @ o 9 ° 5 k=) Explanation of why evaluation
S 3 04 % 5= = 5 risk cannot be
a2 x S addressed
= —
4
Risk to water available for the . -
environment from farm dam interception Unregulated Castlereagh River @ Variation Annual M L L H/IM N/A None required. Risk is low N/A N/A
E(I-FD) Hidden Valley Index CV
None required Risk is
tolerable
16 Protect the The taking of water
environment from farm dams is
Risk to water available for the . from changes in . MER planned
) ) . Castlereagh River @ . N1 Sustainable regulated by the
environment from farm dam interception Unregulated Hidden Valley Low Flow Index Q90 M M M H/M A flow attrlbgtable diversion limits M Harvestable Rights for.WS.P
E(I-FD) to growth in . objectives
. Policy. Any take above
BLR extractive
that allowed under the
use. )
policy must be
licensed.
Risk to water available for the Castlereagh River @
environment from farm dam interception Unregulated idd g“ High Flow Index Q10 M L L H/M N/A None required. Risk is low N/A N/A
E(I-FD) Hidden Valley
Risk to water available for the Variation Annual
environment from farm dam interception Unregulated Bell River @ Newrea Index CV M L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD) naex
Risk to water available for the
environment from farm dam interception Unregulated Bell River @ Newrea Low Flow Index Q90 M L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD)
Risk to water available for the
environment from farm dam interception Unregulated Bell River @ Newrea High Flow Index Q10 M L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD)
Risk to water available for the Variation Annual
environment from farm dam interception Unregulated Turon River @ Sofala Ind M L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD) ndex CV
Risk to water available for the
environment from farm dam interception Unregulated Turon River @ Sofala Low Flow Index Q90 M L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD)
Risk to water available for the
environment from farm dam interception Unregulated Turon River @ Sofala High Flow Index Q10 M L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD)
Risk to water available for the Bogan River @ Neurie Variation Annual
environment from farm dam interception Unregulated | 9 d M L L H/M N/A | None required. Risk is low N/A N/A
E(-FD) Plains Index CV
Risk to water available for the Bogan River @ Neurie
environment from farm dam interception Unregulated Pla?ns Low Flow Index Q90 M L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD)
Risk to water available for the Bogan River @ Neurie
environment from farm dam interception Unregulated Plagi]ns High Flow Index Q10 M L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD)
Risk to water available for the Unregulated Talbragar River @ Elong Variation Annual M L L H/M N/A | None required. Risk is low N/A N/A

environment from farm dam interception

Index CV
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.5. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT FROM INTERCEPTION ACTIVITIES [E(I-FD)]

i E - |
. 33 =1 2 Explanatlo_n of
2 o o S o o = tolerable risk
Location, reach or 3 3 = e § o = o application Monitorin
. Water source . o Flow or extraction > & S = 50 (5] . New critical = PP 9
Risk tvpe extraction type within e aratic o = = So< = New strategies N ehanicme o OR and
yp WRP area @ £ @ o 9 ° 5 k=) Explanation of why evaluation
S 3 04 % 5= = 5 risk cannot be
QL x E addressed
x
E(I-FD)
Risk to water available for the .
environment from farm dam interception Unregulated Eﬁ:gragar River @ Elong Low Flow Index Q90 M L L H/M N/A | None required. Risk is low N/A N/A
E(-FD) 9
Risk to water available for the Talbragar River @ Elon
environment from farm dam interception Unregulated Elong 9 9 High Flow Index Q10 M L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD)
Risk to water available for the Variation Annual
environment from farm dam interception Unregulated Little River @ Obley No.2 Index CV L L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD)
Risk to water available for the
environment from farm dam interception Unregulated Little River @ Obley No.2 | Low Flow Index Q90 L L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD)
Risk to water available for the
environment from farm dam interception Unregulated Little River @ Obley No.2 | High Flow Index Q10 L L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD)
Risk to water available for the Variation Annual
environment from farm dam interception Unregulated Bell River @ Molong M L L H/M N/A None required. Risk is low N/A N/A
E(I-FD) Index CV
Risk to water available for the
environment from farm dam interception Unregulated Bell River @ Molong Low Flow Index Q90 M L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD)
Risk to water available for the
environment from farm dam interception Unregulated Bell River @ Molong High Flow Index Q10 M L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD)
Risk to water available for the . -
environment from farm dam interception Unregulated Coolbaggllf Creek @ Vzrlatlon Annual L L L H/M N/A | None required. Risk is low N/A N/A
E(-FD) Rawsonville Index CV
Risk to water available for the :
environment from farm dam interception Unregulated Coolbaggle Creek @ Low Flow Index Q90 L L L H/M N/A | None required. Risk is low N/A N/A
E(-FD) Rawsonville
Risk to water available for the Coolbaggie Creek @
environment from farm dam interception Unregulated gg." High Flow Index Q10 L L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD) Rawsonville
Risk to water available for the . .
environment from farm dam interception Unregulated Coolablurt:agundy River Y%”atIOQ/Annual L L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD) @ Coola ndex C
Risk to water available for the Coolaburragundy River
environment from farm dam interception Unregulated gundy Low Flow Index Q90 L L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD) @ Coolah
Risk to water available for the Unregulated Coolaburragundy River High Flow Index Q10 L L L H/M N/A | None required. Risk is low N/A N/A

environment from farm dam interception

@ Coolah
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.5. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT FROM INTERCEPTION ACTIVITIES [E(I-FD)]

i E - |
. 33 =1 2 Explanatlo_n of
2 o o S o o = tolerable risk
Location, reach or 3 3 = e § o = o application Monitorin
. Water source . o Flow or extraction > & S = 50 (5] . New critical = PP 9
Risk tvpe extraction type within e aratic o = = So< = New strategies N ehanicme o OR and
yp WRP area @ £ @ o 9 ° 5 k=) Explanation of why evaluation
S 3 04 % 5= = 5 risk cannot be
o< x o addressed
x
E(I-FD)
Risk to water available for the -
environment from farm dam interception Unregulated G_rlieenc\i/alley Creek @ V%”at'on Annual L L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD) Hill En Index CV
Risk to water available for the Green Valley Creek @
environment from farm dam interception Unregulated Hill End y Low Flow Index Q90 L L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD)
Risk to water available for the Green Valley Creek @
environment from farm dam interception Unregulated il End y High Flow Index Q10 L L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD) Hill En
Risk to water available for the . -
environment from farm dam interception Unregulated gplcefs Creek @ Saxa V%natlgn Annual L L L H/M N/A | None required. Risk is low N/A N/A
E(-FD) rossing Index CV
Risk to water available for the Spicers Creek @ Saxa
environment from farm dam interception Unregulated picer Low Flow Index Q90 L L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD) Crossing
Risk to water available for the Spicers Creek @ Saxa
environment from farm dam interception Unregulated piceT High Flow Index Q10 L L L H/M N/A | None required. Risk is low N/A N/A
E(-FD) Crossing
Risk to water available for the . . -
environment from farm dam interception Unregulated Bogan River @ Peak Hill | Variation Annual L L L H/M N/A | None required. Risk is low N/A N/A
E(-FD) No.2 Index CV
Risk to water available for the . :
environment from farm dam interception Unregulated Elzg;n River @ Peak Hil Low Flow Index Q90 L L L H/M N/A None required. Risk is low N/A N/A
E(I-FD) '
Risk to water available for the Bogan River @ Peak Hil
environment from farm dam interception Unregulated Nogz High Flow Index Q10 L L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD) '
Risk to water available for the . .
environment from farm dam interception Unregulated Campbells River ufs Ben | Variation Annual L L L H/M N/A | None required. Risk is low N/A N/A
E(-FD) Chifley Dam Index CV
Risk to water available for the Camobells River u/s Ben
environment from farm dam interception Unregulated hifl P Low Flow Index Q90 L L L H/M N/A | None required. Risk is low N/A N/A
E(-FD) Chifley Dam
Risk to water available for the :
environment from farm dam interception Unregulated Cﬁ_r;?pbeDlls River u/s Ben High Flow Index Q10 L L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD) Chifley Dam
Risk to water available for the . -
environment from farm dam interception Unregulated Brlsbalne Valley Creek @ V?j”atlon Annual L L L H/M N/A | None required. Risk is low N/A N/A
E(-FD) Stromlo Index CV
Risk to water available for the Unregulated Brisbane Valley Creek @ | | ., Flow Index Q90 L L L H/M N/A | None required. Risk is low N/A N/A

environment from farm dam interception

Stromlo
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.5. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT FROM INTERCEPTION ACTIVITIES [E(I-FD)]

i E - |
. 33 =1 2 Explanatlo_n of
2 o o S o o = tolerable risk
Location, reach or 3 8 £ 3 o 3 = ® application Monitoring
. Water source . o Flow or extraction > & S = 50 (5] . New critical =
Risk tvpe extraction type within e aratic o = = So< = New strategies N ehanicme o OR and
yp WRP area @ £ @ o 9 ° 5 k=) Explanation of why evaluation
S 3 04 % 5= = 5 risk cannot be
o< x o addressed
x
E(I-FD)
Risk to water available for the :
environment from farm dam interception Unregulated ggz?ﬁge Valley Creek @ High Flow Index Q10 L L L H/M N/A | None required. Risk is low N/A N/A
E(I-FD)
Risk to water available for the
environment from |ntercept|on_due to Regulated Macquarie Marshes Negligible | Probable L L/M N/A | None required. Risk is low N/A N/A
plantation forestry (regulated river only)
E(I-PF)
Risk to water available for the
environment from |ntercept|on_due to Regulated Wilgara Wetlands Negligible | Probable L L/M N/A | None required. Risk is low N/A N/A
plantation forestry (regulated river only)
E(I-PF)

Current Critical Mechanisms - E(I-FD)
E21 Require farm dams with a capacity above the maximum harvestable right dam capacity (MHRDC) to be licensed and comply with extraction limits as described in Strategy 1 (E1 Reserve all water above the long-term average annual extraction limit (LTAAEL)
for the environment as PEW (defined and managed by the listed WSPs) & E2 Available Water Determinations (AWD) adjust extractive use according to water availability)

Strategy: None required. Risks are low. Refer to MER.
N/A no data available or not applicable

Explanation of Tolerable Risk Application:

Domestic and stock rights are established and controlled under the WM Act. Take from surface waters for this purpose does not require either a water access licence or a work approval provided farm dam capacity is within the maximum harvestable right capacity.
WSPs recognise and prioritise these rights in the management of long term extraction limits by including estimations in calculations and reducing licensed water use if corrective action is required. Risk to the environment from growth in domestic and stock rights is
generally tolerable because it is managed within long term extraction limits and the SDL.

In some circumstances, where demand is stronger or when water shortages occur, domestic and stock rights can be restricted by the Minister either temporarily, or through the establishment of a mandatory guideline. Domestic and stock rights may also be limited
by the Minister where high hydrologic stress on a water source may result from increased demand due to property subdivision. Risk to other users and the environment from growth in domestic and stock rights in these circumstances is tolerable because there are
mechanisms available to manage demand if required.

N/A no data available or not applicable
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 4.6. RISKS TO WATER AVAILABLE FOR THE ENVIRONMENT DUE TO CLIMATE CHANGE [E(CC)]

S Se_| & ;) Explanation of tolerable risk
Location, reach Climate 5 IS .g’ g % 2 qg') - = axp”a::r;?i(ljonn ot tolerable ris Monitorin
Risk or extraction change Current critical =1 g § =39 § o Strate New critical % F>) OpFE and 9
type within scenario mechanisms @ o X o 8% == 9y mechanisms c o Expl . fwhy risk luati
WRP area (MDBSY) @ X w : @@ o o xplanation of why ris evaluation
o | 12 —~0o=| 2 o cannot be addressed
(@) 505 ) x =
Risk to water
available for the . .
environment due to Macquarie Wet climate ) Reserve all water Severe Probable H L/M F H
. Marshes change scenario L . ,
célzrggt)e change above the long-term An individual licence holder’s
average annual annual access to water is
extraction limit (LTAAEL) 15 Protect the governed by their entitlement
e | | e oot |
environment due to Macquarie Median climate managed by the listed Severe Possible H L/M F water users from N1 Sustainable H to meet all competin
climate change Marshes change scenario WSPS) Y changes in flow Diversion Limits environmental rfn d egtractive
E(CC) ’ Available Water attributable to needs varies on a yearly and
Determinations (AWD) climate change. daily basis, depending on the
Risk to water adjust extractive use weather, river flows and aquifer
available for the . ) according to water characteristics.
environment due to mgfghugle ([:)rll’gr::l”e;ng(t:inario availability. Severe Unlikely M L/M F M
climate change 9
E(CC)
Risk to water
available for the Wet climate
environment due to | Wilgara Wetlands change scenario Reserve all water Severe Probable H LM F H
ngggt)e change above the long-term An individual licence holder’s
exiraction it (LTAAEL) None recired. Risk Govered by ther entilement
. . is low. . - L
z\lfiﬁ;ob|\év?ctﬁrthe o Lolg\tlce(ger}\ilrlufdm:fdm * 15 Protect the . $E2 %Tj?r?g of \?vlzl;zlrhg}ailable
) . Median climate ; . environment and N1 Sustainable )
environment due to Wilgara Wetlands change scenario managed by the listed Severe Possible H L/M F water users from Diversion Limits H to meet all competing
climate change 9 WSPs). changes in flow environmental and extractive
E(CC) Available Water atiributable to needs varies on a yearly and
Determinations (AWD) - daily basis, depending on the
. ; . climate change. ! -
Risk to water adjust extractive use weather, river flows and aquifer
available for the brv cli according to water characteristics.
environment due to | Wilgara Wetlands ry climate availability. Severe Unlikely M L/M F M

climate change
E(CC)

change scenario
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTIONS 5.3, 5.4, 5.5. RISKS TO THE HEALTH OF WATER-DEPENDENT ECOSYSTEMS FROM POOR WATER QUALITY [E(WQ), E(WQ-S), (E(WQ-CWP)]

Explanation of

) = ;
S S 2 tolelr_abltg risk Monitor
< 02 - o — | application onitoring
© - o § = S | New strategies xzvghca[r:tilgrils k=) % OR and
Location, reach = S c g = = o EXEIanationbof why | evaluation
. Water or extraction Water quality - . = < IS =3 [} © risk cannot be
Risk code source type | type within characteristic | Current critical mechanisms g)' = o § § % F addressed
WRP area = f § I D o The primary strategy for addressing risks associated with water
O 8 & < quality is the_> implementation of the Water Quality Management Plan WQ 1,23
2 'r;_:) for Macquarie-Castlereagh WRPA. 45 6 7 ’
2 Additional actions and mechanisms relevant to the WRP are listed T
= below
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
Cease / commence to pump rules for streams. MER
42110171 Fish |=4K§ Cease / commence to pump rules for in-stream and lanned for
E(WQ) Unregulated River at Turbidity off-river pools. H L L M/H N/A | None required. Risk is low \FI)VSP
Hazelgrove Authorised in-river dam construction, operation, and obiectives
passing flow requirements as specified on the dam )
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
Cease / commence to pump rules for streams. MER
42110171 Fish Total [=K§ Cease / commence to pump rules for in-stream and planned for
E(WQ) Unregulated River at off-river pools. H L L M/H N/A | None required. Risk is low
Phosphorus S . . WSP
Hazelgrove Authorised in-river dam construction, operation, and biecti
passing flow requirements as specified on the dam objectives
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
[=k$' Cease / commence to pump rules for streams. MER
42110171 Fish |=4K§ Cease / commence to pump rules for in-stream and lanned for
E(WQ) Unregulated River at Total Nitrogen | off-river pools. H L L M/H N/A | None required. Risk is low \FI)VSP
Hazelgrove Authorised in-river dam construction, operation, and obiectives
passing flow requirements as specified on the dam {
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
Cease / commence to pump rules for streams. MER
42110171 Fish [=K§ Cease / commence to pump rules for in-stream and planned for
E(WQ) Unregulated River at pH off-river pools. H L L M/H N/A | None required. Risk is low WSP
Hazelgrove Authorised in-river dam construction, operation, and objectives

passing flow requirements as specified on the dam
approval.

Restrict construction of in-river dams on 3rd order or
higher streams.
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTIONS 5.3, 5.4, 5.5. RISKS TO THE HEALTH OF WATER-DEPENDENT ECOSYSTEMS FROM POOR WATER QUALITY [E(WQ), E(WQ-S), (E(WQ-CWP)]

Explanation of

) = ;
S S 2 tolelr_abltg risk Monitor
< 02 - o — | application onitoring
© - o § = S | New strategies xzvghca[r:tilgrils k=) % OR and
Location, reach = S c g = = o EXEIanationbof why | evaluation
. Water or extraction Water quality - . = < IS =3 [} © risk cannot be
S source type | type within characteristic CUTEE ETEE! SIS g)- T ~ § § % = addressed
WRP area = f § I D o The primary strategy for addressing risks associated with water
O 8 & < quality is the_> implementation of the Water Quality Management Plan WQ 1,23
2 'r;_:) for Macquarie-Castlereagh WRPA. 45 6 7 ’
2 Additional actions and mechanisms relevant to the WRP are listed T
=~ below
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
Cease / commence to pump rules for streams. MER
42110171 Fish Dissolved |=4K§ Cease / commence to pump rules for in-stream and planned for
E(WQ) Unregulated River at off-river pools. H L L M/H N/A | None required. Risk is low
Hazelgrove Oxygen Authorised in-river dam construction, operation, and WSP
. . - ’ ! objectives
passing flow requirements as specified on the dam
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
Cease / commence to pump rules for streams. MER
42110170 Turon [=K§ Cease / commence to pump rules for in-stream and planned for
E(WQ) Unregulated River at Bathurst Turbidity off-river pools. L M L M/H N/A | None required. Risk is low WSP
Point Authorised in-river dam construction, operation, and obiectives
passing flow requirements as specified on the dam I
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
[=k$' Cease / commence to pump rules for streams. MER
42110170 Turon Total |=4K§ Cease / commence to pump rules for in-stream and planned for
E(WQ) Unregulated River at Bathurst off-river pools. L L L M/H N/A | None required. Risk is low
Point Phosphorus Authorised in-river dam construction, operation, and WSP
. . - ' ! objectives
passing flow requirements as specified on the dam
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
Cease / commence to pump rules for streams. MER
42110170 Turon [=K§ Cease / commence to pump rules for in-stream and planned for
E(WQ) Unregulated River at Bathurst Total Nitrogen | off-river pools. L L L M/H N/A | None required. Risk is low WSP
Point Authorised in-river dam construction, operation, and objectives

passing flow requirements as specified on the dam
approval.

Restrict construction of in-river dams on 3rd order or
higher streams.
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTIONS 5.3, 5.4, 5.5. RISKS TO THE HEALTH OF WATER-DEPENDENT ECOSYSTEMS FROM POOR WATER QUALITY [E(WQ), E(WQ-S), (E(WQ-CWP)]

S o Explanation of
S c ) tolerable risk
= 9 o o — | application Monitoring
© - o § = S | New strategies xzvghca[r:tilgrils k=) % OR and
Location, reach = S c g = = o EXEIanationbof why | evaluation
. Water or extraction Water quality - . = < IS =3 [} © risk cannot be
S source type | type within characteristic CUTEE ETEE! SIS g)- T ~ § § % = addressed
WRP area = f § c 3 o The primary strategy for addressing risks associated with water
(@] T o ° quality is the implementation of the Water Quality Management Plan
are [ L WQ1,2,3,
% £ or I\_/Igcquarle_CastIereagh WRI_DA. _ 456 7
2 Additional actions and mechanisms relevant to the WRP are listed T
=~ below
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
Cease / commence to pump rules for streams. MER
42110170 Turon |=4K§ Cease / commence to pump rules for in-stream and lanned for
E(WQ) Unregulated | River at Bathurst pH off-river pools. L M L M/H N/A | None required. Risk is low b
) X L . . WSP
Point Authorised in-river dam construction, operation, and g
. . - objectives
passing flow requirements as specified on the dam
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
Cease / commence to pump rules for streams. MER
42110170 Turon Dissolved [=K§ Cease / commence to pump rules for in-stream and planned for
E(WQ) Unregulated River at Bathurst Oxvaen off-river pools. L M L M/H N/A | None required. Risk is low WSP
Point y9 Authorised in-river dam construction, operation, and obiectives
passing flow requirements as specified on the dam I
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
[=k$' Cease / commence to pump rules for streams. MER
421025 |=4K§ Cease / commence to pump rules for in-stream and lanned for
E(WQ) Unregulated | Macquarie River Turbidity off-river pools. M L L M/H N/A | None required. Risk is low P
. X L . . WSP
at Bruinbun Authorised in-river dam construction, operation, and g
. . - objectives
passing flow requirements as specified on the dam
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
Cease / commence to pump rules for streams. Refer MER
421025 Total [=K§ Cease / commence to pump rules for in-stream and to planned for
E(WQ) Unregulated Macquarie River Phosphorus off-river pools. M M M M/H F Refer to WQM Plan WQM WSP
at Bruinbun P Authorised in-river dam construction, operation, and Plan objectives

passing flow requirements as specified on the dam
approval.

Restrict construction of in-river dams on 3rd order or
higher streams.
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SECTIONS 5.3, 5.4, 5.5. RISKS TO THE HEALTH OF WATER-DEPENDENT ECOSYSTEMS FROM POOR WATER QUALITY [E(WQ), E(WQ-S), (E(WQ-CWP)]

S o Explanation of
S c ) tolerable risk
= 9 o o — | application Monitoring
© - o § = S | New strategies xzvghca[r:tilgrils k=) % OR and
Location, reach = S c g = = o EXEIanationbof why | evaluation
. Water or extraction Water quality - . = < IS =3 [} © risk cannot be
S source type | type within characteristic CUTEE ETEE! SIS g)- T ~ § § % = addressed
WRP area = f § c 3 o The primary strategy for addressing risks associated with water
(@] T o ° quality is the implementation of the Water Quality Management Plan
are [ L WQ1,2,3,
% £ or I\_/Igcquarle_CastIereagh WRI_DA. _ 456 7
2 Additional actions and mechanisms relevant to the WRP are listed T
=~ below
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
Cease / commence to pump rules for streams. MER
421025 |=4K§ Cease / commence to pump rules for in-stream and lanned for
E(WQ) Unregulated Macquarie River Total Nitrogen | off-river pools. M L L M/H N/A | None required. Risk is low \FI)VSP
at Bruinbun Authorised in-river dam construction, operation, and obiectives
passing flow requirements as specified on the dam )
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
Cease / commence to pump rules for streams. Refer MER
421025 [=K§ Cease / commence to pump rules for in-stream and to planned for
E(WQ) Unregulated Macquarie River pH off-river pools. M M M M/H F Refer to WQM Plan WQM WSP
at Bruinbun Authorised in-river dam construction, operation, and Pl biecti
passing flow requirements as specified on the dam an. objectives
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
[=k$' Cease / commence to pump rules for streams. Refer MER
421025 Dissolved |=4K§ Cease / commence to pump rules for in-stream and to planned for
E(WQ) Unregulated Macquarie River Oxvaen off-river pools. M M M M/H F Refer to WQM Plan WQM WSP
at Bruinbun Y9 Authorised in-river dam construction, operation, and Pl biecti
passing flow requirements as specified on the dam an. objectives
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
421038 Cease / commence to pump rules for streams. MER
Cudgegong River o _Cease / commence to pump rules for in-stream and _ o planned for
E(WQ) Unregulated at Rylstone Turbidity off-river pools. M L L M/H N/A | None required. Risk is low WSP
Bridge Authorised in-river dam construction, operation, and objectives
passing flow requirements as specified on the dam
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
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SECTIONS 5.3, 5.4, 5.5. RISKS TO THE HEALTH OF WATER-DEPENDENT ECOSYSTEMS FROM POOR WATER QUALITY [E(WQ), E(WQ-S), (E(WQ-CWP)]

~ o Explanation of
© .
S c ) tolerable risk
2 o — | application Monitoring
o £ = . <
o o g g | New strategies xzvghca[r:tilgrils S % OR and
Location, reach = § c g = = o — | Explanation of why | evaluation
. Water or extraction Water quality - . =) e T E=EDN 1} © risk cannot be
S source type | type within characteristic CUTEE ETEE! SIS g)- T _~< § 2 % = addressed
WRP area = f § c 3 o The primary strategy for addressing risks associated with water
O g & < quality is the_> implementation of the Water Quality Management Plan WQ 1,23
2 9 for Macquarie-Castlereagh WRPA. 45 6 7 ’
2 & Additional actions and mechanisms relevant to the WRP are listed T
=~ below
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
ISHEs Cease / commence to pump rules for streams.
‘gjﬁo‘? ong River Total Cease / commence to pump rules for in-stream and N:E:;e d for
E(WQ) Unregulated at Rgls%ong Phosphorus off-river pools. M L L M/H N/A | None required. Risk is low \FI)VSP
Y P Authorised in-river dam construction, operation, and ol
Bridge : . s objectives
passing flow requirements as specified on the dam
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
421038 B Cooe / commence to pump rles fo m-sirearm and Refer MER
E(WQ) Unregulated gtuggles ?c?:g River Total Nitrogen | off-river pools. M M M M/H F Refer to WQM Plan Wt(gM \F;\Ifg]; ed for
Bri dye Authorised in-river dam construction, operation, and Plan obiectives
9 passing flow requirements as specified on the dam ’ )
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
[=k$' Cease / commence to pump rules for streams.
éﬁo? ona River |=4K§ Cease / commence to pump rules for in-stream and Nlle%:;e d for
E(WQ) Unregulated at Rgls?ong pH off-river pools. M L L M/H N/A | None required. Risk is low \FI)VSP
Y Authorised in-river dam construction, operation, and et
Bridge : . o objectives
passing flow requirements as specified on the dam
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
421038 BE Cooe / commence to pump rles fo m-suream and Refer MER
E(WQ) Unregulated actulggli ?g:g River D(')S;Ohéid off-river pools. M M M M/H F Refer to WQM Plan t/(\)/QM \F;\I/icl,q; ed for
Bri dye y9 Authorised in-river dam construction, operation, and Plan obiectives
9 passing flow requirements as specified on the dam ’ I
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
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SECTIONS 5.3, 5.4, 5.5. RISKS TO THE HEALTH OF WATER-DEPENDENT ECOSYSTEMS FROM POOR WATER QUALITY [E(WQ), E(WQ-S), (E(WQ-CWP)]

Explanation of

) < :
S S 2 tolelr_abltg risk Monitor
< 02 - o — | application onitoring
© - o § = S | New strategies xzvghca[r:tilgrils k=) % OR and
Location, reach = S c g = = o EXEIanationbof why | evaluation
. Water or extraction Water quality - . = < IS =3 [} © risk cannot be
S source type | type within characteristic CUTEE ETEE! SIS g)- T ~ § § % = addressed
WRP area = f § I D o The primary strategy for addressing risks associated with water
O 8 & < quality is the_> implementation of the Water Quality Management Plan WQ 1,23
2 'r;_:) for Macquarie-Castlereagh WRPA. 45 6 7 ’
2 Additional actions and mechanisms relevant to the WRP are listed T
=~ below
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
Cease / commence to pump rules for streams. MER
421018 Bell River o =L Cease / commence to pump rules for in-stream and . o planned for
E(WQ) Unregulated at Neurea Turbidity off-river pools. M L L M/H N/A | None required. Risk is low WSP
Authorised in-river dam construction, operation, and o
. . - objectives
passing flow requirements as specified on the dam
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
Cease / commence to pump rules for streams. MER
. [=K§ Cease / commence to pump rules for in-stream and
E(WQ) Unregulated :tziloelu?eBae" River PhoZOti?cl)rus off-river pools. M L L M/H N/A | None required. Risk is low \F;\Ifg]; ed for
P Authorised in-river dam construction, operation, and obiectives
passing flow requirements as specified on the dam I
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
[=k$' Cease / commence to pump rules for streams. MER
421018 Bell River |=4K§ Cease / commence to pump rules for in-stream and planned for
E(WQ) Unregulated at Neurea Total Nitrogen | off-river pools. M L L M/H N/A | None required. Risk is low WSP
Authorised in-river dam construction, operation, and g
. . - objectives
passing flow requirements as specified on the dam
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
Cease / commence to pump rules for streams. MER
. [=K§ Cease / commence to pump rules for in-stream and
E(WQ) Unregulated gtziloet?eBae" River pH off-river pools. M L L M/H N/A | None required. Risk is low \r;\l/asn; ed for
Authorised in-river dam construction, operation, and objectives

passing flow requirements as specified on the dam
approval.

Restrict construction of in-river dams on 3rd order or
higher streams.
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SECTIONS 5.3, 5.4, 5.5. RISKS TO THE HEALTH OF WATER-DEPENDENT ECOSYSTEMS FROM POOR WATER QUALITY [E(WQ), E(WQ-S), (E(WQ-CWP)]

S o Explanation of
S c ) tolerable risk
= 9 o o — | application Monitoring
© - o § = S | New strategies xzvghca[r:tilgrils k=) % OR and
Location, reach = S c g = = o EXEIanationbof why | evaluation
. Water or extraction Water quality - . = < IS =3 [} © risk cannot be
S source type | type within characteristic CUTEE ETEE! SIS g)- T ~ § § % = addressed
WRP area = f § I D o The primary strategy for addressing risks associated with water
O 8 & < quality is the_> implementation of the Water Quality Management Plan WQ 1,23
2 'r;_:) for Macquarie-Castlereagh WRPA. 45 6 7 ’
2 Additional actions and mechanisms relevant to the WRP are listed T
=~ below
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
Cease / commence to pump rules for streams. Refer MER
421018 Bell River Dissolved =L Cease / commence to pump rules for in-stream and to planned for
E(WQ) Unregulated off-river pools. M H M M/H F Refer to WQM Plan
at Neurea Oxygen . A . . WQM WSP
Authorised in-river dam construction, operation, and Plan obieci
. . ol . jectives
passing flow requirements as specified on the dam
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
Cease / commence to pump rules for streams. MER
421176 Little [=K§ Cease / commence to pump rules for in-stream and planned for
E(WQ) Unregulated River at Turbidity off-river pools. H L L M/H N/A | None required. Risk is low WSP
Arthurville No. 2 Authorised in-river dam construction, operation, and biecti
passing flow requirements as specified on the dam objectives
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
[=k$' Cease / commence to pump rules for streams. MER
421176 Little Total |=4K§ Cease / commence to pump rules for in-stream and planned for
E(WQ) Unregulated River at off-river pools. H L L M/H N/A | None required. Risk is low
Arthurville No. 2 Phosphorus Authorised in-river dam construction, operation, and WSP
. . - ' ! objectives
passing flow requirements as specified on the dam
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
Cease / commence to pump rules for streams. MER
421176 Little [=K§ Cease / commence to pump rules for in-stream and planned for
E(WQ) Unregulated River at Total Nitrogen | off-river pools. H L L M/H N/A | None required. Risk is low WSP
Arthurville No. 2 Authorised in-river dam construction, operation, and biecti
passing flow requirements as specified on the dam objectives
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.

NSW Department of Industry | INT18/162302 | 57



Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTIONS 5.3, 5.4, 5.5. RISKS TO THE HEALTH OF WATER-DEPENDENT ECOSYSTEMS FROM POOR WATER QUALITY [E(WQ), E(WQ-S), (E(WQ-CWP)]

S o Explanation of
S c ) tolerable risk
= 9 o o — | application Monitoring
© - o § = S | New strategies xzvghca[r:tilgrils k=) % OR and
Location, reach = S c g = = o EXEIanationbof why | evaluation
. Water or extraction Water quality - . = < IS =3 [} © risk cannot be
S source type | type within characteristic CUTEE ETEE! SIS g)- T ~ § § % = addressed
WRP area = f § I D o The primary strategy for addressing risks associated with water
O 8 & < quality is the_> implementation of the Water Quality Management Plan WQ 1,23
2 'r;_:) for Macquarie-Castlereagh WRPA. 45 6 7 ’
2 Additional actions and mechanisms relevant to the WRP are listed T
=~ below
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
Cease / commence to pump rules for streams. Refer MER
421176 Little |=4K§ Cease / commence to pump rules for in-stream and to lanned for
E(WQ) Unregulated River at pH off-river pools. H M M M/H F Refer to WQM Plan WQM \FI)VSP
Arthurville No. 2 Authorised in-river dam construction, operation, and Plan obiectives
passing flow requirements as specified on the dam ’ )
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
Cease / commence to pump rules for streams. Refer MER
421176 Little Dissolved [=K§ Cease / commence to pump rules for in-stream and to planned for
E(WQ) Unregulated River at Oxvaen off-river pools. H M M M/H F Refer to WQM Plan WOM WSP
Arthurville No. 2 y9 Authorised in-river dam construction, operation, and PIQ biecti
passing flow requirements as specified on the dam an. objectives
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
[=k$' Cease / commence to pump rules for streams. Refer MER
421042 Talbragar |=4K§ Cease / commence to pump rules for in-stream and to planned for
E(WQ) Unregulated River at Elong Turbidity off-river pools. L H M M/H F Refer to WQM Plan WQM WSP
Elong Authorised in-river dam construction, operation, and Blan oblectives
passing flow requirements as specified on the dam : {
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
Cease / commence to pump rules for streams. Refer MER
421042 Talbragar Total [=K§ Cease / commence to pump rules for in-stream and to planned for
E(WQ) Unregulated River at Elong Phosphorus off-river pools. L H M M/H F Refer to WQM Plan WQM WSP
Elong P Authorised in-river dam construction, operation, and = biecti
passing flow requirements as specified on the dam an. objectives
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
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SECTIONS 5.3, 5.4, 5.5. RISKS TO THE HEALTH OF WATER-DEPENDENT ECOSYSTEMS FROM POOR WATER QUALITY [E(WQ), E(WQ-S), (E(WQ-CWP)]

~ o Explanation of
ho] .
S S 2 tolelr_abltg risk Monitor
< 02 - o — | application onitoring
© - o § = S | New strategies xzvghca[r:tilgrils k=) % OR and
Location, reach = S c g = = o EXEIanationbof why | evaluation
. Water or extraction Water quality - . = < IS =3 [} © risk cannot be
S source type | type within characteristic CUTEE ETEE! SIS g)- T ~ § § % = addressed
WRP area = f § c 3 o The primary strategy for addressing risks associated with water
(@] T o ° quality is the implementation of the Water Quality Management Plan
are [ L WQ1,2,3,
% £ or I\_/Igcquarle_CastIereagh WRI_DA. _ 456 7
2 Additional actions and mechanisms relevant to the WRP are listed T
=~ below
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
Cease / commence to pump rules for streams. Refer MER
421042 Talbragar |=4K§ Cease / commence to pump rules for in-stream and to lanned for
E(WQ) Unregulated River at Elong Total Nitrogen | off-river pools. L H M M/H F Refer to WQM Plan WQM \FI)VSP
Elong Authorised in-river dam construction, operation, and B obiectives
passing flow requirements as specified on the dam ’ )
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
Cease / commence to pump rules for streams. MER
421042 Talbragar [=K§ Cease / commence to pump rules for in-stream and planned for
E(WQ) Unregulated River at Elong pH off-river pools. L M L M/H N/A | None required. Risk is low WSP
Elong Authorised in-river dam construction, operation, and biecti
passing flow requirements as specified on the dam objectives
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
[=k$' Cease / commence to pump rules for streams. Refer MER
421042 Talbragar Dissolved |=4K§ Cease / commence to pump rules for in-stream and to planned for
E(WQ) Unregulated River at Elong Oxvaen off-river pools. L H M M/H F Refer to WQM Plan WQM WSP
Elong Y9 Authorised in-river dam construction, operation, and B biect
passing flow requirements as specified on the dam an. objectives
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
Cease / commence to pump rules for streams. Refer MER
421011 [=K§ Cease / commence to pump rules for in-stream and © planned for
E(WQ) Unregulated Marthaguy Creek Turbidity off-river pools. VH H H M/H F Refer to WQM Plan WQM WSP
at Carinda* Authorised in-river dam construction, operation, and Pl biecti
passing flow requirements as specified on the dam an. objectives
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
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SECTIONS 5.3, 5.4, 5.5. RISKS TO THE HEALTH OF WATER-DEPENDENT ECOSYSTEMS FROM POOR WATER QUALITY [E(WQ), E(WQ-S), (E(WQ-CWP)]

S o Explanation of
S c ) tolerable risk
= 9 o o — | application Monitoring
© - o é = S | New strategies xzvghcz;r:tilgrils k=) % OR and
Location, reach = S c g = = o EXEIanationbof why | evaluation
. Water or extraction Water quality - . = < IS =3 [} © risk cannot be
S source type | type within characteristic CUTEE ETEE! SIS g; T ~ § § % = addressed
WRP area = f § c 2 o The primary strategy for addressing risks associated with water
(@] T o z quality is the implementation of the Water Quality Management Plan
are [ L WQ1,2,3,
Z £ or I\_/Igcquarle_CastIereagh WRI_DA. _ 456 7
S Additional actions and mechanisms relevant to the WRP are listed T
=~ below
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
Cease / commence to pump rules for streams. Refer MER
421011 Total |=4K§ Cease / commence to pump rules for in-stream and to planned for
E(WQ) Unregulated Marthaguy Creek off-river pools. VH H H M/H F Refer to WQM Plan
N Phosphorus X o . . WQM WSP
at Carinda Authorised in-river dam construction, operation, and Pl .
. . - an. objectives
passing flow requirements as specified on the dam
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
Cease / commence to pump rules for streams. Refer MER
421011 [=K§ Cease / commence to pump rules for in-stream and to planned for
E(WQ) Unregulated Marthaguy Creek | Total Nitrogen | off-river pools. VH M H M/H F Refer to WQM Plan
. : I . . WQM WSP
at Carinda* Authorised in-river dam construction, operation, and Plan obiectives
passing flow requirements as specified on the dam : I
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
[=k$' Cease / commence to pump rules for streams. Refer MER
421011 |=4K§ Cease / commence to pump rules for in-stream and to planned for
E(WQ) Unregulated Marthaguy Creek pH off-river pools. VH L M M/H F Refer to WQM Plan
j N . . wQM wsP
at Carinda* Authorised in-river dam construction, operation, and Pl -
. . - an. objectives
passing flow requirements as specified on the dam
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
Cease / commence to pump rules for streams. Refer MER
421011 Dissolved [=K§ Cease / commence to pump rules for in-stream and © planned for
E(WQ) Unregulated Marthaguy Creek Oxvaen off-river pools. VH M H M/H F Refer to WQM Plan WOM WSP
at Carinda* y9 Authorised in-river dam construction, operation, and PIQ biecti
passing flow requirements as specified on the dam an. objectives
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
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SECTIONS 5.3, 5.4, 5.5. RISKS TO THE HEALTH OF WATER-DEPENDENT ECOSYSTEMS FROM POOR WATER QUALITY [E(WQ), E(WQ-S), (E(WQ-CWP)]

~ o Explanation of
© .
S = 2 tolerable risk
2 o — | application Monitoring
o £ = . <
o o g g | New strategies xzvghcz;r:tilgrils S % OR and
Location, reach S 3 £ g = = o — | Explanation of why | evaluation
a . S o — = —= ?
Riskcode | WHEL L, | o eXation | Weter QUi | current rtcal mechanisms AL IR TR 2 | pokcemnetbe
%} c ko]
WRP area = f § ; g 5 The primary strategy for addressing risks associated with water
O g & < quality is the_> implementation of the Water Quality Management Plan WQ 1,23
Z 9 for Macquarie-Castlereagh WRPA. 45 6 7 ’
S & Additional actions and mechanisms relevant to the WRP are listed T
=~ below
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
ISHEs Cease / commence to pump rules for streams.
:Azalcmuzarie River Cease / commence to pump rules for in-stream and Ri];er N:E:i]e d for
E(WQ) Unregulated at Cgrinda (Bells Turbidity off-river pools. VH M H M/H F Refer to WQM Plan WQM \FI)VSP
Bridge) Authorised in-river dam construction, operation, and Plan obiectives
9 passing flow requirements as specified on the dam ) )
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
421012 Cease / commence to pump rules for streams. Refer MER
R [=K§ Cease / commence to pump rules for in-stream and
E(WQ) Unregulated maégﬁﬁg: g\éﬁ; PhoZOti?cl)rus off-river pools. VH H H M/H F Refer to WQM Plan WtSM \F;\I/Eg]; ed for
Bridge) P Authorised in-river dam construction, operation, and Plan obiectives
9 passing flow requirements as specified on the dam : I
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
421012 [=k$' Cease / commence to pump rules for streams. Refer MER
Macauarie River |=4K§ Cease / commence to pump rules for in-stream and to lanned for
E(WQ) Unregulated at Cgrin da (Bells Total Nitrogen | off-river pools. VH H H M/H F Refer to WQM Plan WQM \FI)VSP
Bridge) Authorised in-river dam construction, operation, and Plan obiectives
9 passing flow requirements as specified on the dam : {
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
421012 ISk Cease / commence to pump rules for streams. Refer MER
Macquarie River [=K§ Cease / commence to pump rules for in-stream and to lanned for
E(WQ) Unregulated at Cgrinda (Bells pH off-river pools. VH L M M/H F Refer to WQM Plan WQM \F;VSP
Bridge) Authorised in-river dam construction, operation, and Plan obiectives
9 passing flow requirements as specified on the dam ’ I
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
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SECTIONS 5.3, 5.4, 5.5. RISKS TO THE HEALTH OF WATER-DEPENDENT ECOSYSTEMS FROM POOR WATER QUALITY [E(WQ), E(WQ-S), (E(WQ-CWP)]

S o Explanation of
S c ) tolerable risk
= 9 o o — | application Monitoring
© - o § = S | New strategies xzvghca[r:tilgrils k=) % OR and
Location, reach = S c g = = o EXEIanationbof why | evaluation
. Water or extraction Water quality - . = < IS =3 [} © risk cannot be
S source type | type within characteristic CUTEE ETEE! SIS g)- T ~ § § % = addressed
WRP area = f § I D o The primary strategy for addressing risks associated with water
O 8 & < quality is the_> implementation of the Water Quality Management Plan WQ 1,23
2 'r;_:) for Macquarie-Castlereagh WRPA. 45 6 7 ’
2 Additional actions and mechanisms relevant to the WRP are listed T
=~ below
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
ISHEs Cease / commence to pump rules for streams.
:Azalczluzarie River Dissolved _Cease / commence to pump rules for in-stream and R(;.\;er g/llsie d for
E(WQ) Unregulated . off-river pools. VH L M M/H F Refer to WQM Plan
at Carinda (Bells Oxygen [=¥%{ Authorised in-river dam construction, operation, and oM wsP
Bridge) E17 Authorised in - : Op ! Plan. objectives
passing flow requirements as specified on the dam
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
Cease / commence to pump rules for streams. Refer MER
421023 Bogan [=K§ Cease / commence to pump rules for in-stream and to planned for
E(WQ) Unregulated River at Turbidity off-river pools. M M M M/H F Refer to WQM Plan WQM WSP
Gongolgon Authorised in-river dam construction, operation, and Pl biecti
passing flow requirements as specified on the dam an. objectives
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
[=k$' Cease / commence to pump rules for streams. Refer MER
421023 Bogan Total |=4K§ Cease / commence to pump rules for in-stream and to planned for
E(WQ) Unregulated River at off-river pools. M H M M/H F Refer to WQM Plan
Phosphorus X o . . WQM WSP
Gongolgon Authorised in-river dam construction, operation, and Plan obiectives
passing flow requirements as specified on the dam : {
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
Cease / commence to pump rules for streams. Refer MER
421023 Bogan [=K§ Cease / commence to pump rules for in-stream and to planned for
E(WQ) Unregulated River at Total Nitrogen | off-river pools. M H M M/H F Refer to WQM Plan WQM WSP
Gongolgon Authorised in-river dam construction, operation, and = biecti
passing flow requirements as specified on the dam an. objectives
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
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SECTIONS 5.3, 5.4, 5.5. RISKS TO THE HEALTH OF WATER-DEPENDENT ECOSYSTEMS FROM POOR WATER QUALITY [E(WQ), E(WQ-S), (E(WQ-CWP)]

S o Explanation of
S c ) tolerable risk
= 9 o o — | application Monitoring
© - o § = S | New strategies xzvghca[r:tilgrils k=) % OR and
Location, reach = S c g = = o EXEIanationbof why | evaluation
. Water or extraction Water quality - . = < IS =3 [} © risk cannot be
S source type | type within characteristic CUTEE ETEE! SIS g)- T ~ § § % = addressed
WRP area = f § c 3 o The primary strategy for addressing risks associated with water
(@] T o ° quality is the implementation of the Water Quality Management Plan
are [ L WQ1,2,3,
% £ or I\_/Igcquarle_CastIereagh WRI_DA. _ 456 7
2 Additional actions and mechanisms relevant to the WRP are listed T
=~ below
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
Cease / commence to pump rules for streams. MER
421023 Bogan |=4K§ Cease / commence to pump rules for in-stream and lanned for
E(WQ) Unregulated River at pH off-river pools. M L L M/H N/A | None required. Risk is low \FI)VSP
Gongolgon Authorised in-river dam construction, operation, and obiectives
passing flow requirements as specified on the dam )
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
Cease / commence to pump rules for streams. MER
421023 Bogan Dissolved [=K§ Cease / commence to pump rules for in-stream and planned for
E(WQ) Unregulated River at off-river pools. M L L M/H N/A | None required. Risk is low
Gongolgon Oxygen Authorised in-river dam construction, operation, and WSP
90i9 . ) o » 0P ' bjectives
passing flow requirements as specified on the dam 00l
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
[=k$' Cease / commence to pump rules for streams.
‘Ci\(;(t)lgfeagh |=4K§ Cease / commence to pump rules for in-stream and g/lle%:;e d for
E(WQ) Unregulated River at Turbidity off-river pools. L M L M/H N/A | None required. Risk is low WSP
M Authorised in-river dam construction, operation, and g
endooran : . o objectives
passing flow requirements as specified on the dam
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
B oo e e e
E(WQ) Unregulated gﬁfg:e;fagh Phozmi?cl)rus off-river pools. L H M M/H F Refer to WQM Plan Wt(gM \F;\I/icl,q; ed for
M P Authorised in-river dam construction, operation, and D
endooran Plan. objectives

passing flow requirements as specified on the dam
approval.

Restrict construction of in-river dams on 3rd order or
higher streams.
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SECTIONS 5.3, 5.4, 5.5. RISKS TO THE HEALTH OF WATER-DEPENDENT ECOSYSTEMS FROM POOR WATER QUALITY [E(WQ), E(WQ-S), (E(WQ-CWP)]

Explanation of

) < :
S = 2 tolerable risk
2 o — | application Monitoring
o £ = . <
o o g g | New strategies xzvghcz;r:tilgrils S % OR and
Location, reach S 3 £ g = = o — | Explanation of why | evaluation
a . S o — = —= ?
Risk code | (e type | typewithin | characteriste | CUTTent critial mechanisms 05| s 58 |E ° | Addressed
c -~
WRP area % f § ; g 5 The primary strategy for addressing risks associated with water
O g & < quality is the_> implementation of the Water Quality Management Plan WQ 1,23
Z 9 for Macquarie-Castlereagh WRPA. 45 6 7 ’
S & Additional actions and mechanisms relevant to the WRP are listed T
=~ below
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
ISHEs Cease / commence to pump rules for streams.
gg%gfea h Cease / commence to pump rules for in-stream and N:E:i]e d for
E(WQ) Unregulated River at 9 Total Nitrogen | off-river pools. L M L M/H N/A | None required. Risk is low \FI)VSP
Mendooran Authorised in-river dam construction, operation, and obiectives
passing flow requirements as specified on the dam )
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
420004 ISk Cease / commence to pump rules for streams. MER
Castlereaah [=K§ Cease / commence to pump rules for in-stream and lanned for
E(WQ) Unregulated River at 9 pH off-river pools. L M L M/H N/A | None required. Risk is low \F;VSP
Mendooran Authorised in-river dam construction, operation, and obiectives
passing flow requirements as specified on the dam I
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
[=k$' Cease / commence to pump rules for streams.
g\(;(t)lgfea h Dissolved =& Cease / commence to pump rules for in-stream and Rt;:cf)er Nlle%:;e d for
E(WQ) Unregulated River at 9 Oxvaen off-river pools. L H M M/H F Refer to WQM Plan WQM \FI)VSP
Mendooran Y9 Authorised in-river dam construction, operation, and Plan obiectives
passing flow requirements as specified on the dam ’ )
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
Supplementary access to natural flow events limited
as per the WSP for the Macquarie and Cudgegong
Regulated Rivers Water Source 2016. Announced events
only when flow exceeds 5000ML/day above other listed
421019 requirements at Warren and Burrendong Dam is spilling MER
E(WQ) Regulated Cudgegong River Turbidity F\;{zrr:gaer(ilsrr;v::r)(;?nmental Water (Translucent) releases H L L M/H N/A | [SeE to be replaced by: \p/)\l/aSnFr: ed for
at Yamble Bridge ' INE] Environmental Water Allowance from biecti
Rates of change to storage release protocol. objectives

Manage water releases from the multi-level offtake at
Windamere Dam so that water releases are more closely
matched to natural river ambient temperatures

Windamere Dam for Cudgegong system
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SECTIONS 5.3, 5.4, 5.5. RISKS TO THE HEALTH OF WATER-DEPENDENT ECOSYSTEMS FROM POOR WATER QUALITY [E(WQ), E(WQ-S), (E(WQ-CWP)]

~ o Explanation of
o] .
S c ) tolerable risk
2 o — | application Monitoring
o £ = . <
o o g g | New strategies xzvghcz;r:tilgrils S % OR and
Location, reach S 3 £ g = = o — | Explanation of why | evaluation
. Water or extraction Water quality - . =) 2 T E=EDN 1} © risk cannot be
S source type | type within characteristic CUTEE ETEE! SIS g; T _~< § 2 % = addressed
WRP area = f § c 2 o The primary strategy for addressing risks associated with water
O g & < quality is the_> implementation of the Water Quality Management Plan WQ 1,23
Z 9 for Macquarie-Castlereagh WRPA. 45 6 7 ’
S & Additional actions and mechanisms relevant to the WRP are listed T
= below
Supplementary access to natural flow events limited
as per the WSP for the Macquarie and Cudgegong
Regulated Rivers Water Source 2016. Announced events
only when flow exceeds 5000ML/day above other listed
421019 requirements at Warren and Burrendong Dam is spilling to be replaced Refer MER
E(WQ) Regulated Cudgegong River Total Planned Environmental Water (Translucent) releases H H H M/H F by . to planned for
) Phosphorus . Environmental WQM WSP
at Yamble Bridge from Windamere Dam. o
Water Allowance from Plan. objectives
Rates of change to storage release protocol. Windamere Dam for
Manage water releases from the multi-level offtake at Cudgegong system
Windamere Dam so that water releases are more closely
matched to natural river ambient temperatures
Supplementary access to natural flow events limited
as per the WSP for the Macquarie and Cudgegong
Regulated Rivers Water Source 2016. Announced events
only when flow exceeds 5000ML/day above other listed
421019 requirements at Warren and Burrendong Dam is spilling MER
E(WQ) Regulated Cudgegong River | Total Nitrogen Planned Environmental Water (Translucent) releases H L L M/H N/A | [SeE to be replaced by: s\I/aSnFr: ed for
at Yamble Bridge from Windamere Dam. Nk Environmental Water Allowance from objectives
Rates of change to storage release protocol. Windamere Dam for Cudgegong system
Manage water releases from the multi-level offtake at
Windamere Dam so that water releases are more closely
matched to natural river ambient temperatures
Supplementary access to natural flow events limited
as per the WSP for the Macquarie and Cudgegong
Regulated Rivers Water Source 2016. Announced events
only when flow exceeds 5000ML/day above other listed
421019 requirements at Warren and Burrendong Dam is spilling MER
E(WQ) Regulated Cudgegong River pH Planned Environmental Water (Translucent) releases H L L M/H N/A | [Slef to be replaced by: \p/)\l/&gl; ed for
at Yamble Bridge from Windamere Dam. Nk} Environmental Water Allowance from objectives
Rates of change to storage release protocol. Windamere Dam for Cudgegong system
Manage water releases from the multi-level offtake at
Windamere Dam so that water releases are more closely
matched to natural river ambient temperatures
Supplementary access to natural flow events limited R
; efer to WQM Plan
as per the WSP for the Macquarie and Cudgegong Q
Regulated Rivers Water Source 2016. Announced events Note:
only when flow exceeds 5000ML/day above other listed t0b laced
421019 . requirements at Warren and Burrendong Dam is spilling - 0 be replace Refer MER
E(WQ) Regulated Cudgegong River D(l)sxsycg\é?]d Planned Environmental Water (Translucent) releases H H H M/H F ﬁ Environmental thM s\l;’g]; ed for
at Yamble Bridge from Windamere Dam. Water Allowance from Plan. objectives
Rates of change to storage release protocol. Windamere Dam for
Manage water releases from the multi-level offtake at Cudgegong system
Windamere Dam so that water releases are more closely
matched to natural river ambient temperatures
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTIONS 5.3, 5.4, 5.5. RISKS TO THE HEALTH OF WATER-DEPENDENT ECOSYSTEMS FROM POOR WATER QUALITY [E(WQ), E(WQ-S), (E(WQ-CWP)]

Risk code

Water
source type

Location, reach
or extraction
type within
WRP area

Water quality
characteristic

Current critical mechanisms

Consequence

Likelihood

Risk rating

Data confidence
(consequence / likelihood)

Risk treatment option

New strategies

New critical
mechanisms

Tolerable risk
level

Explanation of
tolerable risk
application
OR

Explanation of why

risk cannot be
addressed

Monitoring
and
evaluation

The primary strategy for addressing risks associated with water

quality is the implementation of the Water Quality Management Plan

for Macquarie-Castlereagh WRPA.
Additional actions and mechanisms relevant to the WRP are listed

below

WQ 1, 2, 3,
4,5,6,7

E(WQ)

Regulated

421077
Macquarie River
at u/s Spillway
Burrendong Dam

Turbidity

Supplementary access to natural flow events limited
as per the WSP for the Macquarie and Cudgegong
Regulated Rivers Water Source 2016. Announced events
only when flow exceeds 5000ML/day above other listed
requirements at Warren

Planned Environmental Water Sub Allowance 1
Translucent releases from Burrendong Dam

Strategic use of environmental water allowance Sub
Allowance 2 Active as directed by Environmental Flows
Reference Group.

Rates of change to storage release protocol.

Manage water releases through the thermal curtain at
Burrendong Dam so that water releases are more closely
matched to natural river ambient temperatures

M/H

N/A

None required. Risk is low

MER
planned for
WSP
objectives

E(WQ)

Regulated

421077
Macquarie River
at u/s Spillway
Burrendong Dam

Total
Phosphorus

Supplementary access to natural flow events limited
as per the WSP for the Macquarie and Cudgegong
Regulated Rivers Water Source 2016. Announced events
only when flow exceeds 5000ML/day above other listed
requirements at Warren

Planned Environmental Water Sub Allowance 1
Translucent releases from Burrendong Dam

Strategic use of environmental water allowance Sub
Allowance 2 Active as directed by Environmental Flows
Reference Group.

Rates of change to storage release protocol.

Manage water releases through the thermal curtain at
Burrendong Dam so that water releases are more closely
matched to natural river ambient temperatures

M/H

N/A

None required. Risk is low

MER
planned for
WSP
objectives

E(WQ)

Regulated

421077
Macquarie River
at u/s Spillway
Burrendong Dam

Total Nitrogen

Supplementary access to natural flow events limited
as per the WSP for the Macquarie and Cudgegong
Regulated Rivers Water Source 2016. Announced events
only when flow exceeds 5000ML/day above other listed
requirements at Warren

Planned Environmental Water Sub Allowance 1
Translucent releases from Burrendong Dam

Strategic use of environmental water allowance Sub
Allowance 2 Active as directed by Environmental Flows
Reference Group.

Rates of change to storage release protocol.

Manage water releases through the thermal curtain at
Burrendong Dam so that water releases are more closely
matched to natural river ambient temperatures

M/H

Refer to WQM Plan

Refer
to
WQM
Plan.

MER planned for
WSP objectives

WRP 1, 2,
4,5
WQ1,2 4,
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SECTIONS 5.3, 5.4, 5.5. RISKS TO THE HEALTH OF WATER-DEPENDENT ECOSYSTEMS FROM POOR WATER QUALITY [E(WQ), E(WQ-S), (E(WQ-CWP)]

Risk code

Water
source type

Location, reach
or extraction
type within
WRP area

Water quality
characteristic

Current critical mechanisms

Consequence

Likelihood

Risk rating

Data confidence
(consequence / likelihood)

Risk treatment option

New strategies

New critical
mechanisms

Tolerable risk
level

Explanation of
tolerable risk
application
OR

Explanation of why

risk cannot be
addressed

Monitoring
and
evaluation

The primary strategy for addressing risks associated with water

quality is the implementation of the Water Quality Management Plan

for Macquarie-Castlereagh WRPA.
Additional actions and mechanisms relevant to the WRP are listed

below

WQ 1, 2, 3,
4,5,6,7

E(WQ)

Regulated

421077
Macquarie River
at u/s Spillway
Burrendong Dam

pH

Supplementary access to natural flow events limited
as per the WSP for the Macquarie and Cudgegong
Regulated Rivers Water Source 2016. Announced events
only when flow exceeds 5000ML/day above other listed
requirements at Warren

Planned Environmental Water Sub Allowance 1
Translucent releases from Burrendong Dam

Strategic use of environmental water allowance Sub
Allowance 2 Active as directed by Environmental Flows
Reference Group.

Rates of change to storage release protocol.

Manage water releases through the thermal curtain at
Burrendong Dam so that water releases are more closely
matched to natural river ambient temperatures

M/H

N/A

None required. Risk is low

MER
planned for
WSP
objectives

E(WQ)

Regulated

421077
Macquarie River
at u/s Spillway
Burrendong Dam

Dissolved
Oxygen

Supplementary access to natural flow events limited
as per the WSP for the Macquarie and Cudgegong
Regulated Rivers Water Source 2016. Announced events
only when flow exceeds 5000ML/day above other listed
requirements at Warren

Planned Environmental Water Sub Allowance 1
Translucent releases from Burrendong Dam

Strategic use of environmental water allowance Sub
Allowance 2 Active as directed by Environmental Flows
Reference Group.

Rates of change to storage release protocol.

Manage water releases through the thermal curtain at
Burrendong Dam so that water releases are more closely
matched to natural river ambient temperatures

M/H

N/A

None required. Risk is low

MER
planned for
WSP
objectives

E(WQ)

Regulated

42110101
Macquarie River
at Molong Rail
Bridge

Turbidity

Supplementary access to natural flow events limited
as per the WSP for the Macquarie and Cudgegong
Regulated Rivers Water Source 2016. Announced events
only when flow exceeds 5000ML/day above other listed
requirements at Warren

Planned Environmental Water Sub Allowance 1
Translucent releases from Burrendong Dam

Strategic use of environmental water allowance Sub
Allowance 2 Active as directed by Environmental Flows
Reference Group.

Rates of change to storage release protocol.

Manage water releases through the thermal curtain at
Burrendong Dam so that water releases are more closely
matched to natural river ambient temperatures

VH

M/H

Refer to WQM Plan

Refer
to
WQM
Plan.

MER planned for
WSP objectives

WRP 1, 2,
4,5
WQ1,2 4,
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SECTIONS 5.3, 5.4, 5.5. RISKS TO THE HEALTH OF WATER-DEPENDENT ECOSYSTEMS FROM POOR WATER QUALITY [E(WQ), E(WQ-S), (E(WQ-CWP)]

Risk code

Water
source type

Location, reach
or extraction
type within
WRP area

Water quality
characteristic

Current critical mechanisms

Consequence

Likelihood

Risk rating

Data confidence
(consequence / likelihood)

Risk treatment option

New strategies

New critical
mechanisms

Tolerable risk
level

Explanation of
tolerable risk
application
OR

Explanation of why

risk cannot be
addressed

Monitoring
and
evaluation

The primary strategy for addressing risks associated with water

quality is the implementation of the Water Quality Management Plan

for Macquarie-Castlereagh WRPA.

Additional actions and mechanisms relevant to the WRP are listed

below

WQ 1, 2, 3,
4,5,6,7

E(WQ)

Regulated

42110101
Macquarie River
at Molong Rall
Bridge

Total
Phosphorus

Supplementary access to natural flow events limited
as per the WSP for the Macquarie and Cudgegong
Regulated Rivers Water Source 2016. Announced events
only when flow exceeds 5000ML/day above other listed
requirements at Warren

Planned Environmental Water Sub Allowance 1
Translucent releases from Burrendong Dam

Strategic use of environmental water allowance Sub
Allowance 2 Active as directed by Environmental Flows
Reference Group.

Rates of change to storage release protocol.

Manage water releases through the thermal curtain at
Burrendong Dam so that water releases are more closely
matched to natural river ambient temperatures

VH

M/H

Refer to WQM Plan

Refer
to
WQM
Plan.

MER
planned for
WSP
objectives

E(WQ)

Regulated

42110101
Macquarie River
at Molong Rall
Bridge

Total Nitrogen

Supplementary access to natural flow events limited
as per the WSP for the Macquarie and Cudgegong
Regulated Rivers Water Source 2016. Announced events
only when flow exceeds 5000ML/day above other listed
requirements at Warren

Planned Environmental Water Sub Allowance 1
Translucent releases from Burrendong Dam

Strategic use of environmental water allowance Sub
Allowance 2 Active as directed by Environmental Flows
Reference Group.

Rates of change to storage release protocol.

Manage water releases through the thermal curtain at
Burrendong Dam so that water releases are more closely
matched to natural river ambient temperatures

VH

M/H

Refer to WQM Plan

Refer
to
WQM
Plan.

MER
planned for
WSP
objectives

E(WQ)

Regulated

42110101
Macquarie River
at Molong Rail
Bridge

pH

Supplementary access to natural flow events limited
as per the WSP for the Macquarie and Cudgegong
Regulated Rivers Water Source 2016. Announced events
only when flow exceeds 5000ML/day above other listed
requirements at Warren

Planned Environmental Water Sub Allowance 1
Translucent releases from Burrendong Dam

Strategic use of environmental water allowance Sub
Allowance 2 Active as directed by Environmental Flows
Reference Group.

Rates of change to storage release protocol.

Manage water releases through the thermal curtain at
Burrendong Dam so that water releases are more closely
matched to natural river ambient temperatures

VH

M/H

Refer to WQM Plan

Refer
to
WQM
Plan.

MER
planned for
WSP
objectives

E(WQ)

Regulated

42110101
Macquarie River
at Molong Rail
Bridge

Dissolved
Oxygen

Supplementary access to natural flow events limited
as per the WSP for the Macquarie and Cudgegong
Regulated Rivers Water Source 2016. Announced events
only when flow exceeds 5000ML/day above other listed
requirements at Warren

Planned Environmental Water Sub Allowance 1
Translucent releases from Burrendong Dam

Strategic use of environmental water allowance Sub
Allowance 2 Active as directed by Environmental Flows

VH

M/H

Refer to WQM Plan

Refer
to
WQM
Plan.

MER
planned for
WSP
objectives
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTIONS 5.3, 5.4, 5.5. RISKS TO THE HEALTH OF WATER-DEPENDENT ECOSYSTEMS FROM POOR WATER QUALITY [E(WQ), E(WQ-S), (E(WQ-CWP)]

Risk code

Water
source type

Location, reach
or extraction
type within
WRP area

Water quality
characteristic

Current critical mechanisms

Consequence

Likelihood

Risk rating

Data confidence
(consequence / likelihood)

Risk treatment option

New strategies

New critical
mechanisms

Tolerable risk
level

Explanation of
tolerable risk
application
OR

Explanation of why

risk cannot be
addressed

Monitoring
and
evaluation

The primary strategy for addressing risks associated with water

quality is the implementation of the Water Quality Management Plan

for Macquarie-Castlereagh WRPA.

Additional actions and mechanisms relevant to the WRP are listed

below

WQ 1, 2, 3,
4,5,6,7

Reference Group.
Rates of change to storage release protocol.

Manage water releases through the thermal curtain at
Burrendong Dam so that water releases are more closely
matched to natural river ambient temperatures

E(WQ)

Regulated

421004
Macquarie River
at Warren Weir

Turbidity

Supplementary access to natural flow events limited
as per the WSP for the Macquarie and Cudgegong
Regulated Rivers Water Source 2016. Announced events
only when flow exceeds 5000ML/day above other listed
requirements at Warren

Planned Environmental Water Sub Allowance 1
Translucent releases from Burrendong Dam

Strategic use of environmental water allowance Sub
Allowance 2 Active as directed by Environmental Flows
Reference Group.

Rates of change to storage release protocol.

Manage water releases through the thermal curtain at
Burrendong Dam so that water releases are more closely
matched to natural river ambient temperatures

VH

M/H

Refer to WQM Plan

Refer
to
WQM
Plan.

MER
planned for
WSP
objectives

E(WQ)

Regulated

421004
Macquarie River
at Warren Weir

Total
Phosphorus

Supplementary access to natural flow events limited
as per the WSP for the Macquarie and Cudgegong
Regulated Rivers Water Source 2016. Announced events
only when flow exceeds 5000ML/day above other listed
requirements at Warren

Planned Environmental Water Sub Allowance 1
Translucent releases from Burrendong Dam

Strategic use of environmental water allowance Sub
Allowance 2 Active as directed by Environmental Flows
Reference Group.

Rates of change to storage release protocol.

Manage water releases through the thermal curtain at
Burrendong Dam so that water releases are more closely
matched to natural river ambient temperatures

VH

M/H

Refer to WQM Plan

Refer
to
WQM
Plan.

MER
planned for
WSP
objectives

E(WQ)

Regulated

421004
Macquarie River
at Warren Weir

Total Nitrogen

Supplementary access to natural flow events limited
as per the WSP for the Macquarie and Cudgegong
Regulated Rivers Water Source 2016. Announced events
only when flow exceeds 5000ML/day above other listed
requirements at Warren

Planned Environmental Water Sub Allowance 1
Translucent releases from Burrendong Dam

Strategic use of environmental water allowance Sub
Allowance 2 Active as directed by Environmental Flows
Reference Group.

Rates of change to storage release protocol.

Manage water releases through the thermal curtain at
Burrendong Dam so that water releases are more closely
matched to natural river ambient temperatures

VH

M/H

Refer to WQM Plan

Refer
to
WQM
Plan.

MER
planned for
WSP
objectives
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTIONS 5.3, 5.4, 5.5. RISKS TO THE HEALTH OF WATER-DEPENDENT ECOSYSTEMS FROM POOR WATER QUALITY [E(WQ), E(WQ-S), (E(WQ-CWP)]

Risk code

Water
source type

Location, reach
or extraction
type within
WRP area

Water quality
characteristic

Current critical mechanisms

Consequence

Likelihood

Risk rating

Data confidence
(consequence / likelihood)

Risk treatment option

New strategies

New critical
mechanisms

Tolerable risk
level

Explanation of
tolerable risk
application
OR

Explanation of why

risk cannot be
addressed

Monitoring
and
evaluation

The primary strategy for addressing risks associated with water

quality is the implementation of the Water Quality Management Plan

for Macquarie-Castlereagh WRPA.

Additional actions and mechanisms relevant to the WRP are listed

below

WQ 1, 2, 3,
4,5,6,7

E(WQ)

Regulated

421004
Macquarie River
at Warren Weir

pH

Supplementary access to natural flow events limited
as per the WSP for the Macquarie and Cudgegong
Regulated Rivers Water Source 2016. Announced events
only when flow exceeds 5000ML/day above other listed
requirements at Warren

Planned Environmental Water Sub Allowance 1
Translucent releases from Burrendong Dam

Strategic use of environmental water allowance Sub
Allowance 2 Active as directed by Environmental Flows
Reference Group.

Rates of change to storage release protocol.

Manage water releases through the thermal curtain at
Burrendong Dam so that water releases are more closely
matched to natural river ambient temperatures

VH

M/H

Refer to WQM Plan

Refer
to
WQM
Plan.

MER
planned for
WSP
objectives

E(WQ)

Regulated

421004
Macquarie River
at Warren Weir

Dissolved
Oxygen

Supplementary access to natural flow events limited
as per the WSP for the Macquarie and Cudgegong
Regulated Rivers Water Source 2016. Announced events
only when flow exceeds 5000ML/day above other listed
requirements at Warren

Planned Environmental Water Sub Allowance 1
Translucent releases from Burrendong Dam

Strategic use of environmental water allowance Sub
Allowance 2 Active as directed by Environmental Flows
Reference Group.

Rates of change to storage release protocol.

Manage water releases through the thermal curtain at
Burrendong Dam so that water releases are more closely
matched to natural river ambient temperatures

VH

M/H

Refer to WQM Plan

Refer
to
WQM
Plan.

MER
planned for
WSP
objectives

E(WQ-S)

Unregulated

421023 Bogan
River at
Gongolgon

Salinity

Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.

Cease / commence to pump rules for streams.

Cease / commence to pump rules for in-stream and
off-river pools.

Authorised in-river dam construction, operation, and
passing flow requirements as specified on the dam
approval.

Restrict construction of in-river dams on 3rd order or
higher streams.

M/H

Refer to WQM Plan

Refer
to
WQM
Plan.

MER
planned for
WSP
objectives

E(WQ-S)

Unregulated

421012
Macquarie River
at Carinda

Salinity

Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.

Cease / commence to pump rules for streams.
Cease / commence to pump rules for in-stream and
off-river pools.

Authorised in-river dam construction, operation, and
passing flow requirements as specified on the dam
approval.

Restrict construction of in-river dams on 3rd order or

VH

M/H

Refer to WQM Plan

Refer
to
WwQMm
Plan.

MER
planned for
WSP
objectives
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTIONS 5.3, 5.4, 5.5. RISKS TO THE HEALTH OF WATER-DEPENDENT ECOSYSTEMS FROM POOR WATER QUALITY [E(WQ), E(WQ-S), (E(WQ-CWP)]

~ o Explanation of
© .
S c ) tolerable risk
.2 o — | application Monitoring
o £ = . <
& o e g | New strategies xzvc\:lhca[rlwtilgrils S % OR and
Location, reach S 3 £ g = = o — | Explanation of why | evaluation
. Water or extraction Water quality - . =) 2 b E=EDN 1} © risk cannot be
NS EeeR source type | type within characteristic CUTEE ETEE! SIS g)- T _~< § 8 % = addressed
WRP area = f -a’—:’ c 3 o The primary strategy for addressing risks associated with water
O T & % quality is the implementation of the Water Quality Management Plan
Qo | @ |form ie-Castlereagh WRPA WQ1 2 3,
& & or Macquarie-Castlereag PA. _ 4567
2 Additional actions and mechanisms relevant to the WRP are listed T
= below
higher streams.
Trade limits or prohibitions between surface water
plan areas, water sources, and management zones to
manage entitlement growth.
420020 Cease / commence to pump rules for streams.
gﬁlsg:e;fagh Cease / commence to pump rules for in-stream and Refer MER
E(WQ-S) | Unregulated | Gungalman Salinity off-river pools. M H H M/H F | Refer to WQM Plan thM \r/)\l/?;ed for
Bridge Authorised in-river dam construction, operation, and Plan obiectives
passing flow requirements as specified on the dam : {
approval.
Restrict construction of in-river dams on 3rd order or
higher streams.
MER
E(WQ- Manage water releases from the multi-level offtake at planned for
CWP) Regulated Windamere Dam Temperature Windamere Dam so that water releases are more closely M L L M/H N/A Low risk, new strategy not required WSP
matched to natural river ambient temperatures objectives
Risk rating does not
take into account the
. Refer | successful operation | MER
E(WQ- Requlated Burrendong Dam | L oo Manage water releases through the thermal curtain at VH H - MIH £ | Reinstall and maintain to of the thermal curtain | planned for
CWP) J (400km) p Burrendong Dam so that watgr releases are more closely thermal curtain WQM | and is likely to drop WSP
matched to natural river ambient temperatures Plan. | to Low if thermal objectives
curtain proves
reliable
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 6.4. RISKS TO OTHER WATER USERS DUE TO UNSUITABLE WATER QUALITY [O(WQ-BGA)]

Strategies

New critical

Explanation of

4
5 mechanisms o tolerable risk
O — = — 1 1 . .
o [ Qo _ 2 2 o gpr\f)llcatlon Monitoring
c O - - © . i
Risk Water Location, reach or Water qualit Current critical g 3 -% 2 § 2 S 5 2 Explanation of why | R T e
code Risk source extraction type within characct]eristi):: eehanisrs = = | & S o< £ E risk cannot be
type WRP area o $1 3 o g E 5 addressed
8 - | x g o= = The primary strategy for addressing risks associated with water quality is
as = the implementation of the Water Quality Management Plan for Macquarie- |WQ 1, 2, 3, 4,
x Castlereagh WRPA. 56,7
Additional actions and mechanisms relevant to the WRP are listed below
. . Recreational Refer to
oWQ- R'Sk.s to recreational water Reservoir  |Oberon Reservoir Water Quality Refer to WQM Plan L L L H/M N/A | Refer to WQM Plan WQM
BGA) quality
(BGA) Plan.
. . Recreational Refer to
O(WQ- R'Sk.s to recreational water Reservoir  Chifley Reservoir Water Quality Refer to WQM Plan L|H|M H/M F Refer to WQM Plan WQM
BGA) quality
(BGA) Plan.
. . Recreational Refer to
oWQ- R'Sk.s to recreational water Reservoir  \Windamere Reservoir | Water Quality Refer to WQM Plan L|H|M H/M F Refer to WQM Plan wWQM
BGA) quality
(BGA) Plan.
. . . Recreational Refer to
OWQ- | Risks to recreational water | po1aeq  [CU49€90Ng RIVer. dis of oo ouality | Refer to WQM Plan L|L|L H/M N/A | Refer to WQM Plan WQM
BGA) quality \Windamere Dam
(BGA) Plan.
O(WQ- | Risks to recreational water . Recreationa_ll Refer to
) Regulated |Burrendong Reservoir | Water Quality Refer to WQM Plan L|H|M H/M F Refer to WQM Plan WQM
BGA) quality
(BGA) Plan.
O(WQ- |Risks to recreational water Macquarie River d/s of Recreational Refer to
. Regulated Water Quality Refer to WQM Plan L L L H/M N/A | Refer to WQM Plan WQM
BGA) quality Burrendong Dam
(BGA) Plan.
. . . Recreational Refer to
OWQ- | Risks torecreational water | g 1aieq  Macquarie Water Quality | Refer to WQM Plan LL|L HIM N/A | Refer to WQM Plan WQM
BGA) quality River@Geurie
(BGA) Plan.
. . . Recreational Refer to
O(WQ- Risks to recreational water Macquarie .
BGA) quality Regulated River@Wellington Water Quality | Refer to WQM Plan L|L|L H/M N/A | Refer to WQM Plan WQM
(BGA) Plan.
. . . Recreational Refer to
OoWQ- R'SK.S to recreational water Regulated M_acquarle Water Quality Refer to WQM Plan L L L H/M N/A | Refer to WQM Plan WQM
BGA) quality River@Dubbo (BGA) Plan
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 7.2. RISKS TO WATER AVAILABLE FOR OTHER USES DUE TO INTERCEPTION ACTIVITY [O(I-FD)]

5 —
o 3 @ 3 % _
= i) = k=) ° = Explanation of tolerable
Water Location, reach or o 3 = B oo = - o risk application Monitoring
. . L =] = 5] = 50O ) . New critical =
Risk source extraction type within = = = So<c IS Strategies eehanisms @ OR and
type WRP area @ £ ® o 9 ° 5 k=) Explanation of why risk | evaluation
o = [0 5= = o cannot be addressed
(@) T O e Y
S 0 2
2
Risk to water available for other uses due to . . . . . L
farm dam interception (regulated rivers) O(I-FD) Regulated High Security Negligible Possible L M/H N/A None required. Risk is low. N/A N/A
Risk to water available for other uses due to Regulated | General Security Water Minor Possible L M/H N/A None required. Risk is low. N/A N/A
farm dam interception (regulated rivers) O(I-FD) 9 y q ' ’
Riskto water available for other uses due to Regulated | Supplementary Water Negligible Possible L MH | N/A | None required. Risk is low NA | NIA
farm dam interception (regulated rivers) O(I-FD) 9 PP y g'g q ’ ’

Current critical mechanisms — O(I-FD)

E21 Require farm dams with a capacity above the maximum harvestable right dam capacity (MHRDC) to be licensed and comply with extraction limits as described in Strategy 1 (E1 Reserve all water above the long-term average annual extraction limit (LTAAEL)
for the environment as PEW (defined and managed by the listed WSPs) & E2 Available Water Determinations (AWD) adjust extractive use according to water availability)

N/A no data available or not applicable
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 7.3. RISKS TO WATER AVAILABLE FOR OTHER USES DUE TO CLIMATE CHANGE [O(CC)]

i 5 . |
- 33 =2 3 Explanathn of
2 =] o | oo ) = tolerable risk
Location, reach or | Climate change - o 3 = TGO = . ® application N
Risk extractio;-n type I Current critical = = ® = 3-2 OE) Strategy New critical = OR Monitoring and
. = < . @ .
within WRP area (MDBSY) TEEEIETS § £ ® 5 3 E s IDEE DI 3 Explanation of why SELDELEn
8 = x % 5= = a risk cannot be
Q< x S | addressed
= [
4
Risk to water
available for other Wet climate
uses due to High Security change scenario Negligible Unlikely L M/M N/A N/A
climate change None required. Risk is low.
0O(CQ)
Risk to water
available for other . .
uses due to General Security Wet climate . Negligible Unlikely L M/M N/A None required. Risk is low. N/A
> Water change scenario
climate change
0O(CQ)
Risk to water
available for other Supplementar Wet climate
uses due to PP y . Negligible Unlikely L M/M N/A | None required. Risk is low. N/A
; Water change scenario
climate change
0O(CQ)
Risk to water
available for other Median climate
uses due to High Security change scenario Negligible Possible L M/M N/A None required. Risk is low. N/A
climate change 9
0O(CQ)
Risk to water
available for other . . . .
uses due to General Security Median climate Available Water Minor Possible L M/M N/A | None required. Risk is low. N/A
> Water change scenario Determinations (AWD)
climate change di .
0(CC) adjust extractive use
- according to water
Risk to water o
; availability.
available for other Supplementar Median climate
uses due to bp y . Minor Possible L M/M N/A | None required. Risk is low. N/A
> Water change scenario
climate change
0O(CQ)
. 15 Protect the
e e | |
uses due to High Security Dry climate Negligible Likely M | MM | nja | Waterusers from N1 Sustainable N/A
- change scenario changes in flow diversion limits
climate change . .
attributable to climate
O(CC)
change.
. 15 Protect the
R'SI.( to water environment and
available for other General Securit Dry climate water users from N1 Sustainable
uses due to y y . Major Likely H M/M N/A . . AT N/A
- Water change scenario changes in flow diversion limits
climate change ) .
attributable to climate
O(CC)
change.
Risk to water 15 Protect the
) environment and
available for other Supplementary Dry climate water users from N1 Sustainable
gﬁgsafeugr::n e Water change scenario Major Likely il M/M N/A changes in flow diversion limits N/A
9 attributable to climate
O(CC)
change.
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 7.4. RISKS TO WATER AVAILABLE FOR OTHER USES DUE TO GROWTH IN BLR [O(BLR)]

©— - [
o SN ) c ) . .
2 o = gSo | @ > Explanation of tolerable risk
Water Location, reach or e S = 2 o < % 5 Iz application Monitoring
extraction type Current critical mechanisms o = = c o< o = | Strategy New critical mechanisms P OR and
source type L ) ] ~ o o= S a 2 . . .
within WRP area Z X w ©anQ 2o s Explanation of why risk cannot be evaluation
8 = o % 5= | © 5 addressed
o< @ S
|_
Unregulated CB:?)S\/EVIVater - Boggy L L L M/M N/A | None required. Risk is low. N/A
Unregulated | Bell River M L L M/M N/A None required. Risk is low. N/A
Unregulated | Bulbodney - M L L M/M N/A | None required. Risk is low. N/A
Grahway Creek
Unregulated | Burrendong Dam L M L N/A N/A | No data available to assess. N/A
Storage tributaries
Unregulated | Campbell's River Restrict BLR access L L L M/M N/A | None required. Risk is low. N/A
through the establishment of
. mandatory guidelines under
Unregulated | Coolbaggie Creek the WMA s. 52(2) and S. 336B L L L M/IM N/A | None required. Risk is low. N/A
system Temporarily restrict
) access under the WMA s. 324
Unregulated | Cooyal Wialdra when there are water L L L M/M N/A | None required. Risk is low. N/A
Creek shortages.
. . Risk to other users from growth in
17 Protect the other water users N4 L|m|t.groyvth in BLR when a domestic and stock rights in these
. . land holding is subdivided and . h
Unregulated | Ewenmar Creek H L M M/M D from changes in flow attributable there is hiah hvdrological stress on M circumstances is tolerable because
to growth in BLR extractive use. the river o? a L)J/ifel’ 9 there are mechanisms available to
q ' manage demand if required.
. . Risk to other users from growth in
17 Protect the other water users N4 L|m|t.groyvth in BLR when a domestic and stock rights in these
. . . : land holding is subdivided and . :
Unregulated | Fish River H L M M/M D from changes in flow attributable S . M circumstances is tolerable because
; . there is high hydrological stress on - )
to growth in BLR extractive use. the river or aquifer there are mechanisms available to
q ) manage demand if required.
Unregulated | Goolma Creek L L L N/A N/A | No data available to assess. N/A
Unregulated | Lawsons Creek L L L M/M N/A None required. Risk is low. N/A
Unregulated | Little River L L L M/M N/A None required. Risk is low. N/A
- . Risk to other users from growth in
17 Protect the other water users IaN: dergig;O;g’tZJE d?\ll_ige\ggenlzja domestic and stock rights in these
Unregulated | Lower Bogan River Restrict BLR access H L M M/M D from changes in flow attr_lbutable there is high hydrological stress M circumstances is t.olerable pecause
: to growth in BLR extractive use. . . there are mechanisms available to
through the establishment of on the river or aquifer. d qif ired
mandatory guidelines under manage demand If required.
the WMA s. 52(2) and S. 336B . _
Unregulated | Lower Talbragar Temporarify)restrict L L L M/M N/A None required. Risk is low. N/A
access under the WMA s. 324 : :
. . Risk to other users from growth in
. Wr? e? there are water 17 Protect the other water users Iglr?dl_r:g}gi%m}?zljg d?\l/_ige\éjvgenr:ja domestic and stock rights in these
Unregulated | Macquarie above shortages. H L M M/M D from changes in flow attributable | /- % hvdroloaical Stress on M circumstances is tolerable because
Burrendong to growth in BLR extractive use. | .~ o? a l)J/ifer 9 there are mechanisms available to
q ) manage demand if required.
Unregulated | Marra Creek L L L M/M N/A None required. Risk is low. N/A
Unregulated | Marthaguy Creek L L L M/M N/A None required. Risk is low. N/A
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 7.4. RISKS TO WATER AVAILABLE FOR OTHER USES DUE TO GROWTH IN BLR [O(BLR)]

o
O —
3 ] 5 3 : .
= o = gSo | @ = Explanation of tolerable risk
Water Location, reach or e S = 2 g < % 5 v application Monitoring
extraction type Current critical mechanisms o = = c £ foge=] Strategy New critical mechanisms P OR and
source type L ) ] ~ o o= S a Q@ . . .
within WRP area Z X w ©anQ 2o S Explanation of why risk cannot be evaluation
S i [v4 % Si= w 5 addressed
o< @ c
|_
Unregulated | Maryvale-Geurie L L L M/M N/A None required. Risk is low. N/A
Unregulated Molong Creek and M L L M/M N/A None required. Risk is low. N/A
tributaries
Unregulated | Piambong Creek L L L M/M N/A None required. Risk is low. N/A
. . Risk to other users from growth in
17 Protect the other water users N4 L|m|t.groyvth In BLR when a domestic and stock rights in these
. . . land holding is subdivided and - .
Unregulated | Pipeclay Creek L L L M/M N/A from changes in flow attributable o . M circumstances is tolerable because
> . there is high hydrological stress on - ;
to growth in BLR extractive use. the river or aquifer there are mechanisms available to
q ) manage demand if required.
Queen Charlottes
Unregulated | vale Creek/Evans L L L M/M N/A | None required. Risk is low. N/A
Plains Creek
. . Risk to other users from growth in
17 Protect the other water users N4 L|m|t.groyvth In BLR when a domestic and stock rights in these
. . . land holding is subdivided and - .
Unregulated | Summerhill Creek H L M M/M D from changes in flow attributable o . M circumstances is tolerable because
> : there is high hydrological stress on - ;
to growth in BLR extractive use. the river or aquifer there are mechanisms available to
q ) manage demand if required.
Unregulated | Turon/Crudine River L M L M/M N/A None required. Risk is low. N/A
. . Risk to other users from growth in
17 Protect the other water users N4 L|m|t.groyvth in BLR when a domestic and stock rights in these
Unregulated Lower : : land holding is subdivided and - .
Unregulated " H L M M/M D from changes in flow attributable o . M circumstances is tolerable because
Macquarie ) ; . there is high hydrological stress on - )
Restrict BLR access to growth in BLR extractive use. the i if there are mechanisms available to
¢ e river or aquifer. d dif red
through the establishment of manage demand I required.
; mandatory guidelines under . o
Unregulated ggﬁ;er:n?gﬁan RIver | WMA S, 52(2) and S. 336B L L L N/A N/A | None required. Risk is low. N/A
Upper Cudgegong Temporarily restrict
Unregulated | River above access under the WMA s. 324 M L L M/M N/A None required. Risk is low. N/A
Windamere when there are water
shortages.
Upper Talbragar
Unregulated | River/Coolaburragun L M L M/M N/A None required. Risk is low. N/A
dy River
Unregulated | Wambangalang - L L L M/M N/A | None required. Risk is low. N/A
Whylandra
Unregulated | Winburndale Rivulet L L L M/M N/A None required. Risk is low. N/A
Castlereagh River
Unregulated | Binnaway to L L L M/M N/A None required. Risk is low. N/A
Gilgandra
Unregulated Castlereggh River L L L M/M N/A None required. Risk is low. N/A
above Binnaway
Unregulated Castlereagh River L L L M/M N/A None required. Risk is low. N/A

below Coonamble*
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

SECTION 7.4. RISKS TO WATER AVAILABLE FOR OTHER USES DUE TO GROWTH IN BLR [O(BLR)]
O — — T>)
o SN ) c ) . .
2 o o S| @ = Explanation of tolerable risk
. by o = 5 S o = = X licati Monitori
Water Location, reach or - _ e o = 24 E =5 - _ I application onitoring
extraction type Current critical mechanisms o = = c £ foge=] Strategy New critical mechanisms o OR and
source type L ) ] ~ o o= S a Q@ . . .
within WRP area Z X ” ©anQ 2o S Explanation of why risk cannot be evaluation
8 = o % 5= | © 5 addressed
o< @ c
|_
Castlereagh River
Unregulated | Gilgandra to L L L M/M N/A None required. Risk is low. N/A
Coonamble
Unregulated | Nedgera Creek* L L L M/M N/A | None required. Risk is low. N/A
Unregulated | Teridgerie Creek* L L L M/M N/A None required. Risk is low. N/A
Tooraweenah to
Unregulated | Coonamble L L L M/M N/A None required. Risk is low. N/A
Tributaries
Current critical mechanisms — O(BLR):
E1 Reserve all water above the long-term average annual extraction limit (LTAAEL) for the environment as PEW (defined and managed by the listed WSPs).
E2 Available Water Determinations (AWD) adjust extractive use according to water availability.
E24 Restrict BLR access through the establishment of mandatory guidelines under the WMA s. 52(2) and S. 336B.
E25 Temporarily restrict access under the WMA s. 324 when there are water shortages.
N/A no data available or not applicable
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1. Introduction

1.1. Background

The Basin Plan is an adaptive management framework that has been developed by the Murray—Darling Basin
Authority (MDBA) to provide a coordinated approach to managing water resources across the four member
states and territory in the Murray—Darling Basin (MDB).

A risk assessment is a key step in the development of a water resource plan (WRP) for each valley and
groundwater source in the MDB. Chapter 4, Part 2 of the Basin Plan (Risks and strategies to address risks)
sets out matters that must be considered in terms of risk and management strategies in WRPs. Chapter 10,
Part 9 (Approaches to addressing risk to water resources) outlines how Basin States must undertake risk
assessments as well as the MDBA'’s associated accreditation requirements.

The Basin Plan requires that a WRP must be prepared having regard to current or future risks to the condition
and continued availability of water resources of a water resource plan area. This risk assessment will form
Schedule D of the WRP.

Figure 1-1 illustrates the relationship of the risk assessment document with the other elements of the WRP.

1.2. Document map

This risk assessment identifies and addresses risks to water resources to meet the requirements of Chapter
10, Part 9. Table 1-1 summarises where the Basin Plan requirements are addressed in this risk assessment.

The document is organised according to receptors, such that the risks to the environment (Sections 4 and 5)
and risks to other water-dependent values and users (Sections 6 and 7) are assessed together.

These sections address risk to the condition or continued availability of Basin water resources and the
consequences of the materialisation of these risks as identified in Chapter 4.02 of the Basin Plan; namely, that
water quality or quantity is insufficient to meet consumptive, economic, environmental, and public benefit
(social, cultural, Indigenous) uses and values.

Risks are analysed in Sections 4 to 7 of this report. Five basic steps are described for each risk (10.41(5));
these are:

. The risk pathway, with a summary of how the cause and threat may arise (10.41(2), (3); 10.42(b))

. ldentification of likelihood and consequence metrics, and description of how low, medium and high
categories were defined for each metric (10.41(5); 10.42(a))

. Summary of the data and method used to fulfil each likelihood and consequence metric (10.41(7))
. ldentification and discussion of strategies that are in place to address risks (10.43)
. Combination of likelihood and consequence ratings to derive an overall risk rating (10.41(5),(6)).

Note that where a risk result is highlighted as medium or high, it does not necessarily imply that existing
management actions and mechanisms require change or are inadequate. In many circumstances these
risks will already have a level of management in place that is commensurate with the risk result.

Strategies for addressing risks as having a medium or higher level of risk (10.43(1)) are discussed in
Section 8.
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Figure 1-1. Components of the WRP

Long Term
Water Plan

Describes
objectives and
targets to
support a
healthy, resilient
environment

Guides the use

of environmental

water over a 20
year period

Identifies priority
environmental
assets and
ecosystem
functions and
their
environmental
watering
requirements

NSW Department of Industry | INT18/162302 | 79




Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

Table 1-1. Basin Plan requirements and where each is addressed in this risk assessment document

Basin Plan requirement

Chapter 10, Part 9

Location in risk assessment report

Section 1 Introduction

10.41(1) Having regard to current and future Section 2 NSW risk assessment framework overview
' risks 2.1 Introduction
. 2.2 Risk assessment framework
10.41(7) Describe the data and methods used -
2.3 Risk assessment scope
10.41(8) Describe the uncertainties 2.4 Limitations and uncertainties

systems

Section 3 Overview of the WRP area
10.02 Identification of the water resource 3.1
' plan area and water resources Identification of the water resource plan
Identification of SDL resource units area
10.03
and water resources
3.2 Characterisation of the WRPA
10.05 Regard to other water resources 3.3
10.19 Groundwater and surface water
10.41(1), connections Risks arising from S
10.41(2)(b), structural damage to an aquifer and Connectivity within and between WRPAs
10.20(1)(b) the hydraulic relationships between
10.23(1)(b) groundwater and surface water

10.41(5),(6)

10.41(3)(a), Insufficient water available for the . Risk of insufficient water for the
; Section 4 )
4.02(1)(a) environment environment
10.41(1) Regard to current and future risks 4.1 Background
Schedule 8 Criteria for identifying an
! environmental asset and an 4.2 Assigning a consequence rating (HEVAE)
Schedule 9 ;
ecosystem function
10.41(2), Risks to water available for the Risks to water available for the environment
10.41(2)(a), environment and capacity to meet 4.3 due to river regulation and licensed
10.41(5),(6) environmental watering requirements extraction
10.41(1), 4.4 Risks to water available for the environment
10.41(2)(a), from extraction by basic landholder rights
10.41(5),(6)
10.41(1), Risks to water available for the 4.5 Risk to water available for the environment
10.41(2)(c), ; from interception activities (farm dams,
environment . o )
10.23, plantation forestry, mining, floodplain
10.41(5),(6) harvesting)
10.41(1), 4.6 Risk to water available for the environment

due to climate change

10.41(3)(a), Poor health of water-dependent . Risks to health of water-dependent
Section 5

4.02(1)(c) ecosystems ecosystems

10.41(1) Regard to current and future risks 5.1 Risks to the health of water-dependent

ecosystems
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Basin Plan requirement

Location in risk assessment report

Criteria for identifying an

Risks identified in section 4.02

Risk arising from water being of a
quality unsuitable for use

Schedule 8, environmental asset and an 5.2 Assigning a consequence rating (HEVAE)
Schedule 9 -
ecosystem function
5.3 Risks due to water temperature outside
natural ranges

10.41(1), Risks arising from elevated levels of ) - -
10.41(1)(d) , salinity or other types of water quality | 5.4 Risks due to turbidity, TP, TN, pH, turbidity
10.41(5),(6) degradation and DO

55 Risks due to elevated levels of in-stream

salinity

Risks identified in section 4.02
Insufficient water available for

10.41(3)(a), Water is not suitab_le for consumptive . Risk to other water uses due to unsuitable
4.02(1)(b), and other economic uses of Basin Section 6 water quality
4.02(2)(a)(b) water resources
Water is not suitable to maintain
social, cultural, Indigenous and other
public benefit values
6.3 Risks to irrigation water from elevated in-
’ stream salinity
1041(1), Risks ariSing from elevated levels of Risks to water used for recreational
10.41(2)(d) , salinity or other types of water quality 6.4 purposes
10.41(5),(6) degradation - :
6.5 Risks to water used for human consumption
6.6 Other values

10.41(1),
10.43

Lists the risks identified

Strategies for addressing risks as
having a medium or higher level of
risk

10.41(3)(a), consumptive and other economic
4.02(1)(b), uses of Basin water resources Section 7 Risk to water available for other uses
4.02(2)(a)(b) Insufficient water available to
maintain social, cultural, Indigenous
and other public benefit values
10.41(1),
10.41(2)(c), Risks arising from potential 71 Risks to other water users from interception
10.23, interception activities ’ activities
10.41(5),(6)
79 Risk to other water users due to climate
’ change
10.41(1), . : :
10.41(5).(6) Future risks 73 Risk to other water users due to growth in
BLR
7.4 Other values

Section 8

Summary of risks, tolerable discussion,
revised risk tables identifying tolerable

Table 1

Consolidated Risk Tables (Executive
Summary)
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Basin Plan requirement Location in risk assessment report

10.41(7)(8) Description of the data and methods Appendix A
' Description of uncertainty PP
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2. NSW Basin Plan risk assessment
framework overview

2.1. Introduction

Risk-based management is not a new concept in water resource planning in NSW. Considerable work has
been undertaken by State governments and under Commonwealth-level intergovernmental initiatives to design
and implement risk-based water planning. The National Water Initiative (NWI) Policy Guidelines for Water
Planning and Management (NWI 2010), endorsed by the Council of Australian Governments (COAG), adopts
a risk-management approach.

Risk-based management assists water managers in prioritising and directing time and effort to monitor,
mitigate or respond to the factors that pose the highest overall risks. It ensures that management is targeted at
the appropriate part of the water system.

NSW has been implementing risk-based water planning processes since implementing water reform in the late
1990s. These approaches have included the initial Stressed Rivers and Aquifer Risk Assessments in 1998
(DLWC 1998a; DLWC 1998b). The macro-water planning process adopted in 2004 to complete water sharing
plans across the State also used a risk-based approach (NOW 2011a; Raine et al. 2012).

2.2. The risk assessment framework

Risk assessments for each NSW WRP follow the process illustrated in Figure 2-1. This process is consistent
with the NWI Policy Guidelines for Water Planning and Management and NSW'’s Basin Plan obligations.

v |

+—> Establish Goals & Context «—>

.

—> Identify Risks —>

v

Analyse Risk

Likelihood
Consequence

Monitor / Review

Estimate Risk Level

v

D Evaluate the Risks “—>

.

.~ Treat the Risks +—>

| t

Source: AS/NZS ISO 31000:2009

Stakeholder Consultation / Communication

Figure 2-1. The NSW Basin Plan risk assessment framework

The risk assessment framework adopts a cause/threat/impact model that describes the pathway for impacts to
a receptor. Adopting the cause/threat/impact pathway approach provides a systematic way to identify the full
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range of factors that may lead to an impact, while also being consistent with the internationally recognised risk
standard which considers both likelihood and consequence.

Causes have the potential to induce a threat to various extents, depending upon the characteristics of the
water resource. Receptors are considered in an intergenerational context, that is, current and future uses and
users, as required under subsection 10.41(1).

The causes, threats and impacts considered in this assessment are summarised in Table 2-1.

Table 2-1. Summary of causes, threats and impacts considered in this risk assessment

Cause

Licensed surface water extraction
(regulated and unregulated)

Growth in extraction under basic

River regulation

‘ Threat

Alteration to ecologically significant
flow regime components (zero flow
periods, base flows, fresh flows, high
flows)

Impact

Change to in-stream environmental

assets and ecosystem functions
Human health and recreational use
Reduced water availability for other

Reduced surface water availability

Reduced runoff into surface water
sources

Poor in-stream water quality

(temperature depression, suspended
matter, nutrients, dissolved oxygen,

pH)

landholder rights

Interception activities (including
farm dams and plantation forestry)

Change in runoff and rainfall from
climate change
Land management practices and

natural landscape system
processes

uses

The risk level of an impact is a function of the likelihood of a cause and threat occurring, and the consequence
of the impact on the receptor. For this risk assessment, the following definitions have been adopted:

. Likelihood: the probability that a cause will result in a threat. It is not an indication of the size of the
threat, but rather conveys the probability that the threat will be significant.

. Consequence: the loss of value for an impacted receptor.

An example of how the cause/threat/impact model and likelihood/consequence standard have been combined
is illustrated in Figure 2-2, for risks arising from river regulation and surface water extraction.

CAUSE — THREAT — IMPACT

River regulation

Alteration to ecologically
significant flow regime
components (zero flow periods,
baseflows, fresh flows, high flows)

Change to instream environmental
assets and ecosystem functions

A\ 4

Licensed surface water
extraction

| |

Likelihood Consequence

Figure 2-2. Example of an impact pathway for identifying risks to the environment associated with river
regulation and licensed extraction

Risk levels are calculated using the standard risk assessment matrix used under the macro-planning approach
(Table 2-2). Specific risk matrices for each risk are provided within this document.
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Table 2-2. The risk assessment matrix

Likelihood
Risk level
3
@ .
= Low Low Medium
()
>
§' Low Medium High
3 Medium High High

A consolidated risk table has been developed for each water resource plan area (WRPA) to capture the risk
assessment process. Key elements of the register include identification of the risk causes, threats and
impacts, consequence and likelihood metrics, existing water management actions and mechanisms, and risk
outcomes. The consolidated table will also be used to assist in ongoing monitoring and evaluation.

2.3. Risk assessment scope

The Basin Plan sets out the risks to be included in a risk assessment. Based on these requirements, the
criteria adopted for including cause/threat/impact combinations in this assessment are that:

. The risk directly relates to a change in the water resource, which may change the quantity or quality of
the resource.

. Risks for which the cause or threat would be mitigated through the use of NSW water management
tools, such as rules within a water sharing plan.

Risks identified in the Basin Plan that do not have an apparent cause/threat/impact pathway in a water
resource context have not been qualitatively assessed; rather, appropriate commentary is provided to
document a clear rationale. Alternatively, reference is made to other supporting documents.

Establishing the timeframe for the risk assessment determines the point from which the potential for impact will
be assessed. As required by the Basin Plan, this risk assessment identifies and assesses current and future
risks. The following definitions have been adopted:

. Current risk: the risk that exists prior to the commencement of the WRP and prior to the application of
any new or altered water management actions and mechanisms and strategies. Current risk has been
assessed with the existing water sharing plan (WSP) rules based on the Water Management Act 2000
(WMA) set in place.

. Future risk: these risks may affect the condition or continued availability of water resources during or
subsequent to the 10 year term of relevant WSPs. Future risk is also assessed with the existing WSP
or WMA-based strategy set in place. Future risks that have been assessed include risk to the
environment and to licensed water users from growth in water use by basic landholder rights (both
domestic and stock and farm dam interception), interception activities (including plantation forestry and
farm dams) and climate change.

As noted above, many water management actions and mechanisms are already in place, which may
adequately address risk. The purpose of this risk assessment is therefore to review the risks and associated
management measures for current and future effectiveness, and to verify whether the level of risk is matched
by the level of water resource management. This purpose is underpinned in the WRPs through the inclusion of
monitoring, review and adaptive management processes to confirm that the risk levels derived are appropriate,
and the management of the risks is effective and commensurate with the level of risk.

Scale is important to the interpretation of risk results, as even within a water source or along a particular reach,
risks for specific receptors will vary depending upon factors such as the level of development and use.
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Generally, this risk framework has been applied at the finest scale for which data was available. In the
unregulated system, a water source scale was adopted to match current WSP boundaries. A reach scale for
regulated rivers within the Macquarie Cudgegong surface water sustainable diversion limit (SDL) resource unit
was used to match MDBA gauge sites for hydrological modelling.

The qualitative risk values assigned to cause/threat/impacts should therefore be considered in this context. As
much as possible, strategies identified to manage medium and high risks take into consideration any local-
scale characteristics which may have some bearing on the assessed risks.

2.4. Limitations and uncertainties

A ‘best available information’ approach was used to undertake this risk assessment. As much as practically
possible, the most current data available were used to assess risks. Where relevant data has been made
available after the completion of the analyses and time constraints preclude its inclusion in this risk
assessment, it will be considered in any future risk assessments. Similarly, any new or additional data will be
integrated into future risk assessments after the WRP commences, where appropriate.

A description of the data sources used to quantify likelihood and consequence metrics is provided in Appendix
A to meet subsection 10.41(7). Appendix A also discusses the uncertainties in risk and the confidence level of
the metrics used, to meet subsection 10.41(8).

Confidence in the data used is rated according to the criteria in Table 2-3.

Table 2-3. Criteria used for rating confidence in data

Low

Insufficient data/information
available for assessment

Data not applicable to the scale of
the assessment

Data/information based on
estimates using methods/analytical
models with a high degree of
uncertainty

Estimated data not based on any
reliable measurements

Anecdotal evidence only

‘ Moderate

Limited available data/information but
applicable to the scale of the
assessment

Limited data based on reliable
measurements

Data/information based on estimates
using methods/numerical models with
moderate levels of certainty

Limited documented evidence

High
Sufficient data/ information available
for assessment

Reliable data available for the scale of
assessment

Data based on reliable measurements

Data/information based on estimates
using methods/numerical models with
a high degree of certainty

Documented evidence available

Constraints around data availability and the scale of the risk assessment mean that uncertainty can be
introduced within each step of the risk assessment. The reliability of the risk outcomes is influenced by:

. Risk metrics that do not accurately capture the impact pathway

. The way metrics categories are defined (i.e. low, medium, high)

. Lack of applicable data to analyse metrics

. Use of data that is ‘best available’ but is not strictly suitable.

The reliability of the risk outcomes therefore needs to recognise limitations in the framework, as well as data
unavailability or mismatches. Consideration is given to confidence in data when developing strategies for
medium or high level risks; for example, strategies might be based on addressing knowledge gaps or
evaluating the effectiveness of water management actions and mechanisms where there is insufficient or
limited data available and the confidence in the data used is low.
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3. Overview of the Macqguarie-Castlereagh
water resource plan area (SW11)

3.1. Identification of the Macquarie-Castlereagh water resource
plan area

For the purpose of section 10.02 of the Basin Plan, this Risk Assessment applies to the water resource plan
area (WRPA) and the water resources identified in section 3.05 of the Basin Plan as the Macquarie-
Castlereagh WRPA.

For the purpose of section 10.03 of the Basin Plan, the following are identified:

. The SDL resource unit in the Macquarie-Castlereagh WRPA is that described in section 6.02 and
Schedule 2 to the Basin Plan within the Macquarie-Castlereagh WRPA, (being the Macquarie-
Castlereagh surface water SDL resource unit SS20) and

« The water resources within that SDL resource unit are those described in section 6.02 and Schedule 2
to the Basin Plan within the Macquarie-Castlereagh WRPA.

3.2. Characterisation of the Macquarie-Castlereagh water
resource plan area

The Macquarie-Castlereagh WRPA (Murray—Darling Basin reference number SW11), The WRPA is located in
central western NSW and is based around the Castlereagh, Macquarie and Bogan Rivers. All three rivers flow
generally north-west across central NSW to meet the Barwon River. The catchment is bounded by the Great
Dividing Range to the east, the Barwon-Darling catchment to the west, the Namoi region to the north and the
Lachlan region to the south (Figure 3-1).

The Macquarie River originates in the Great Dividing Range south of Bathurst, and the river flows in a north-
westerly direction for 960 km until it joins the Barwon River near Brewarrina. The Bogan River rises in the
Harvey Ranges near Peak Hill and flows roughly parallel to the Macquarie River across the north-western
plains before joining the Barwon River downstream of Brewarrina. In the lower part of the catchment a series
of creeks break away from the Macquarie River, connecting with the Bogan River (Green et al. 2011). The
Castlereagh River begins in the Warrumbungle Ranges near Coonabarabran and flows north-west for 550 km
to its confluence with the lower Macquarie River.

Average annual rainfall in the Macquarie-Bogan catchment ranges from over 1,200 mm in the south-east to
around 300 mm in the north-west. Rainfall across most of the lower catchment averages 300-500 mm/year.
Mean monthly rainfall at Trangie, in the middle of the catchment, shows slight summer dominance, with the
highest rainfall occurring between October and March, and the lowest months of rainfall being August and
September (Green et al. 2011).

The Macquarie-Castlereagh WRPA is comprised of regulated and unregulated rivers. Under the NSW Water
Management Act 2000, a regulated river is a gazetted river where downstream flows are regulated by a major
State-owned storage or dam to supply water. The Cudgegong Regulated River Water Source comprises water
between the banks of all rivers from the wall of Windamere Dam through to the Burrendong Dam storage. The
Macquarie Regulated River Water Source extends from the wall of Burrendong Dam downstream to the
junction of the Monkeygar Creek, and includes the anabranches of Duck Creek and Gunningbah Creeks to
their respective junctions with the Bogan River, and Bulgeraga Creek/Marebone Break to its downstream
junction with the Macquarie River.

The Castlereagh River rises in rugged country in the Warrumbungle Ranges near Coonabarabran and flows
south-west then north-west for 549 km to its confluence with the lower Macquarie River (NOW 2011b). The
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river passes through Coonamble and at the far end of the catchment runs parallel to the Barwon River. The
floodplain between the Barwon and Castlereagh Rivers is intersected by Wombat and Wanourie Creeks,
which carry flows from the Barwon River to the Castlereagh River during major floods. The Castlereagh River
joins the Macquarie system close to its confluence with the Barwon River near Brewarrina. The river’s
discharge is highly variable and its large sections of sandy riverbed are often dry (NOW 2011b).

The Macquarie-Castlereagh WRPA contains two major storages. Burrendong Dam on the Macquarie River,
has a capacity of 1,190,110 megalitres (ML), whilst Windamere Dam on the Cudgegong River has a capacity
of 353,000 ML. Both of these water storages provide water for irrigators, stock and domestic use, as well for
town water. Figure 3-3 shows the spatial distribution of water access licence entitlements in the Macquarie
Cudgegong Regulated River Water Source. For the purpose of this risk assessment in the Macquarie-
Castlereagh WRPA, the Macquarie and Cudgegong regulated rivers were divided into reaches based upon
hydrologic modelling at specific hydrologic indicator sites (Figure 4-2).

The remaining rivers in the Macquarie-Castlereagh WRPA not gazetted as regulated rivers fall under the
category of unregulated rivers. The unregulated rivers were embargoed in the mid-1990s and their ecological
water requirements progressively protected with the introduction of water sharing plans. The unregulated river
water sources in the Macquarie-Castlereagh WRPA can be divided into three main sub areas (Figure 3-2).
There are 37 water sources in the Macquarie-Bogan and Castlereagh water sharing plan areas. Figure 3-4
shows the unregulated water sources in the Macquarie-Castlereagh WRPA and the spatial distribution of
licence entitlements.

gg_% MACQUARIE-CASTLEREAGH WATER RESOURCE PLAN AREA
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Figure 3-1. The Macquarie-Castlereagh WRPA (SW11)
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Figure 3-2. Sub areas of the Macquarie-Castlereagh WRPA (SW11) (upland, midland and lowland)
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Figure 3-3. Regulated river entitlement in the Macquarie-Castlereagh WRPA (SW11)
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% MACQUARIE-CASTLEREAGH UNREGULATED LICENCES

NUMBER WATER SOURCE
50  Backwater Boggy Cowal Water Source
51 Bell River Water Source
52 Bulbodney Grahway Creek Water Source
53 Bumendong Dam Tributaries Water Source
54 Campbells River Water Source
55 Coolbaggie Creek Water Source
56 Cooyal Wialdra Creek Water Source
57 Ewenmar Creek Water Source
58 Fish River Water Source
59 Lawsons Creek Water Source
60 Little River Water Source
61 Lower Bogan River Water Source

62 Lower Macquarie River Water Source

63 Lower Talbragar River Water Source
64 Macquarie River above Burrendong Water Source
65 Mama Creek Water Source
66 Marthaguy Creek Water Source
67 Maryvale Geurie Creek Water Source
68 Molong Creek Water Source
69 Piambong Creek Water Source
70 Pipeclay Creek Water Source
7 Queen Charlottes Vale Evans Plains Creek Water Source
72 Summerhill Creek Water Source
73 Turon Crudine River Water Source
74 Upper Bogan River Water Source
75  Upper Cudgegong River Water Source
76 Upper Talbragar River Water Source
77 Wambangalong Whylandra Creek Water Source
78 Winbumdale Rivulet Water Source
116 Goolma Creek Water Source
120 Binnaway to Gilgandra Water Source
121 Castlereagh River above Binnaway Water Source
122 Castlereagh River below Coonamble Water Source
123 C: River to C Water Source
Data sources: NSW Industry | Lands & Watar | Water: B J 124 Nedgera Creek Water Source
o e o 125 Teridgerie Creek Water Source
126 to C Water Source

Unregulated licensed < 250 - 500 - 1000 - 2500 > Water Source
entitlement (ML) - o o © O Boundaries

"Map produced by NSW Indusiry | Lands & Water | Water
August 2018

Figure 3-4. Unregulated water sources and entitlement in the Macquarie-Castlereagh WRPA (SW11)

3.3. Connectivity

The Macquarie-Castlereagh WRPA contains a single SDL resource unit, Macquarie-Castlereagh SS20. Within
this resource unit, the two WSPs within the Macquarie-Castlereagh WRPA recognise and manage the
hydrological connection between regulated and unregulated surface water sources. Water management
actions and mechanisms to manage hydrological connections within the WRP area included in the Water
Sharing Plan for the Macquarie Cudgegong Regulated Rivers 2016, the Water Sharing Plan for the
Castlereagh Unregulated and Alluvial Water Sources 2011 and the Water Sharing Plan for the Macquarie
Bogan Water Sources 2012 are discussed below.

Connectivity of the Macquarie-Castlereagh WRPA with adjacent WRPAs, including downstream surface
waters and groundwater aquifers, is discussed in Section 3.3.2 below.

3.3.1. Connectivity between unregulated and regulated water sources within the Macquarie-
Castlereagh water resource plan area

The connectivity between the Macquarie Bogan and Castlereagh unregulated water sources and the
Macquarie Cudgegong regulated water source is managed by a suite of rules within the three WSPs.
Unregulated water sources are both upstream and downstream of the Macquarie Cudgegong Regulated River
Water Source and rules are applied to manage both connectivity situations.

In order to protect a portion of very low flows for the benefit of the environment, the Water Sharing Plan for the
Macquarie Bogan Unregulated and Alluvial Water Sources 2012 and the Water Sharing Plan for the
Castlereagh Unregulated and Alluvial Water Sources 2011 provide cease to pump rules at the lowest
downstream point for some water sources. Cease to pump rules specify a flow requirement to benefit
important environmental attributes in that water source and provides for connectivity between water sources,
including into the regulated river. Cease to pump rules ensure that very low flows are protected by requiring
water users to stop taking water when flow declines below a set level.
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The Water Sharing Plan for the Macquarie Bogan Unregulated and Alluvial Water Sources 2012 also contains
rules to protect replenishment flows released from the regulated system in several water sources in the lower
Macquarie and Bogan valleys. Replenishment flows are for the purpose of refilling pools and waterholes in
effluent river systems for household, town and stock use but may also provide environmental and connectivity
benefits.

The Water Sharing Plan for the Macquarie Bogan Unregulated and Alluvial Water Sources 2012 has
commence to pump rules that are used to protect water until the Nyngan Weir pool is full and starts to spill.

The Water Sharing Plan for the Macquarie Cudgegong Regulated River Water Source 2016 establishes
provisions for an environmental water allowance which specifies a volume of water set aside in Burrendong
Dam to improve environmental outcomes in the Macquarie Marshes and the Macquarie river between
Burrendong Dam and the Macquarie Marshes. This allowance is made up of both a translucency and active
component. A translucent environmental water allowance is also reserved in Windamere Dam which is
released for the environmental benefit of the Cudgegong River once certain triggers are met.

The Water Sharing Plan for the Macquarie Cudgegong Regulated River Water Sources 2016 also sets out
rules for the use of supplementary river flows (flows entering from tributaries or from dam spills) within the
Cudgegong and Macquarie Rivers. Supplementary flow access can be allowed following certain flow triggers
but must be announced by the Minister. Flow triggers ensure some connectivity prior to access by licensed
water users.

Lastly, the water sharing plans reserve water above the Plan limit which provides water for environmental
benefits and incidentally for connectivity between the regulated rivers and unregulated rivers in the Macquarie
valley.

3.3.2.  Connectivity with other water resource plan areas

3.3.2.1. Surface water to surface water

For the purposes of section 10.05 of the Basin Plan, the Macquarie-Castlereagh WRPA (SW11) is considered
to have a hydrological connection to surface water resource units within the downstream Barwon-Darling
Watercourse WRPA (SW12) (Barwon Darling Watercourse SDL resource unit SS19).

Any potential risks to the Barwon-Darling Watercourse WRPA (SW12) from water management related
activities in the Macquarie-Castlereagh water resource plan area are considered in the Barwon-Darling
Watercourse WRPA (SW12) Risk Assessment.

The Barwon-Darling Unregulated. WSP identifies that the Briery Anabranch which joins the unregulated
Macquarie River is governed by rules associated with flows in the Barwon-Darling River. The Basin-wide
Watering Strategy has an expectation that the Macquarie-Castlereagh catchment contributes (along with other
catchments) to a 10 % increase in flows in the Barwon Darling River.

3.3.2.2. Surface water to groundwater

For the purposes of section 10.05 of the Basin Plan, the Macquarie-Castlereagh WRPA (SW11) is considered
to have hydrological connection to ground water resource units within the Macquarie-Castlereagh Alluvium
WRPA (GW12) (includes the sustainable diversion limit resource units of Bell Valley Alluvium, Castlereagh
Alluvium, Coolaburragundy-Talbragar Alluvium, Cudgegong Alluvium, Lower Macquarie Alluvium and Upper
Macquarie Alluvium).

The Castlereagh, Bell and Cudgegong Alluvium resource units, and the Coolaburragundy reach of the
Coolaburragundy - Talbragar Alluvium are highly connected to the associated rivers and major tributaries
within their resource unit boundary. Of these systems only the Cudgegong Alluvium, where it is overlain by the
regulated river, is linked to surface water rules. Linking extraction of groundwater to surface water availability
according to the level of connectivity, limits to acceptable levels, groundwater extraction impacts on surface
water users and the environment.

The Talbragar reach of the Coolaburragundy - Talbragar Alluvium is less connected to the downstream
reaches of the river. The deeper alluvium has a much greater storage capacity and as a result, short term
changes in surface water flows are not as significant to the overall groundwater store.
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In the Upper Macquarie Alluvium, the Macquarie River varies between losing and gaining along its course
depending on geology, topography, local conditions and prevailing long-term climatic conditions. Previous
groundwater modelling (SKM 2010) of a number of 50 year scenarios over a range of pumping and climatic
conditions suggests that the total predicted loss of river flow in the long terms corresponds to 80-90% of the
volume of groundwater being extracted. For management purposes this connection is categorised as being
less highly connected compared to those managed as highly connected systems due to the slower rate at
which groundwater-surface water interactions occur so that within season access rules are not linked to
surface water management.

The greater depth to the regional water table in the Lower Macquarie resource unit results in the Macquarie
River and its tributaries being largely hydraulically disconnected from the alluvium for much of their reaches.
That is, whilst the Macquarie River would lose water into the underlying alluvium, the rate of loss is not
influenced by groundwater pumping. Further analysis of the interconnection between the Macquarie River and
the alluvium is given in Lamontagne et al (2011) which characterised the 15 km reach of the river centred
around Narromine as being losing-connected.

The regulated Cudgegong River is considered to be highly connected to the Cudgegong Alluvium. Any
groundwater extractions beyond LTAAEL (average extraction) will decrease baseflows. To manage this
connectivity and any possible impacts on surface water users and the environment, annual available water
determinations (AWDs) for aquifer access licences are linked to AWDs for surface water access licences in the
regulated river, recognising that a component of recharge is derived from the river system.

Any potential risks to surface water (including risks to the environment and risks to other users) as a result of
ground water extraction are considered in the Risk Assessment for the Macquarie-Castlereagh Alluvium
WRPA (DOIW 2018).
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4. Risk of insufficient water available for the
environment

4.1. Background

The Basin Plan establishes objectives in relation to environmental outcomes (Chapter 5.03). These include
protecting and restoring water-dependent ecosystems and functions, and ensuring they are resilient to risks
and threats.

Environmental assets of the Basin include the rivers, lakes, billabongs, wetlands, groundwater systems,
floodplains and their flood-dependent forests, and include water-dependent ecosystems, ecosystem services
and sites with ecological significance (MDBA 2010). Schedule 8 of the Basin Plan lists the criteria for
identifying an environmental asset.

Ecosystem functions are the key physical, chemical and biological processes that support the Basin’s
environmental assets, and include the transport of nutrients, organic matter and sediment in rivers,
wetting and drying cycles, and provision for migration and recolonisation by plants and animals along
rivers and across floodplains (MDBA 2010). Schedule 9 of the Basin Plan lists the criteria for identifying
an ecosystem function.

There are a number of causes and threats that will impact the availability of water for the environment which
may in turn potentially impact in-stream ecological functions and assets. In the NSW MDB, these risks include:

. River regulation and licensed surface water extraction altering the timing, duration and frequency of
flow components

. Growth in extraction of water required by basic landholder rights
« Interception activities (farm dams, commercial plantations, mining and floodplain harvesting)
. Climate change.

These threats could impact in-stream ecological functions and assets. The risk pathways for considering
potential impacts of insufficient water for the environment are summarised in Figure 4-1. The risks are
analysed and discussed in the following sections.
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CAUSE — THREAT — IMPACT

River regulation

Licensed surface water
extraction

Alteration to ecologically
Growth in BLR significant flow regime Change to instream environmental
components (zero flow periods, assets and ecosystem functions

baseflows, fresh flows, high flows)

Interception activities (farm dams,
commercial plantations, mining,
floodplain harvesting)

Climate change

| |

Likelihood Consequence

Figure 4-1. Risk pathways for risks of insufficient water for the environment and capacity to meet environmental
watering requirements

4.2. Assigning a consequence rating

The consequence of impacts to ecological functions and assets was determined using the High Ecological
Value Aquatic Ecosystems (HEVAE) score and the extraction pressure within an unregulated water source or
regulated river reach. These two metrics describe the ecological value and their sensitivity to impacts.

HEVAE scores were derived from the National Aquatic Ecosystems Toolkit Module 3, guidelines developed by
the Aquatic Ecosystems Task Group for the Department of Sustainability, Environment, Water Population and
Communities (2012) (Aquatic Ecosystems Task Group 2012). HEVAE values were assigned at a reach scale.
A decision tree was then used to assign a consequence rating at a reach scale for regulated rivers and a water
source scale for unregulated rivers.

A consequence score is assigned at a reach scale for regulated rivers. The regulated river was broken into
reaches that were represented by MDBA hydrologic indicator sites used for modelling (Figure 4-2). These sites
correspond to selected streamflow gauging stations. The reaches represented by the hydrologic indicator sites
were selected by identifying where significant tributaries, effluents or regulators both upstream and
downstream of the site change the hydrology significantly. For example, in Figure 4-2, the reach assigned to
the indicator site 421040 Macquarie River downstream of Burrendong Dam extends upstream to the wall of
Burrendong Dam and downstream to the confluence with the Bell River, a significant tributary of the Macquarie
regulated river.

A consequence score is assigned at a water source scale for unregulated rivers. Single reach Integrated
Quantity and Quality Models (IQQM) were applied at a water source scale for unregulated rivers. Where
appropriate, unregulated flow gauges were also used for single reach models in adjacent water sources if a
suitable gauge was not available. The exceptions were Backwater Boggy Cowal and Ewenmar Creek, both of
which are effluent streams which could not be modelled for low flows. In these cases MDBA modelling of
adjacent Macquarie River regulated reaches was used for the higher flows (Figure 4-3).

To ensure the HEVAE outcomes developed by the NSW Department of Industry (Healey et al. 2012; Healey et
al. 2018) could be useful spatially and report consistently across a WRPA and water sources, available data
was attached to the River Styles® spatial layer. The River Styles® mapping has been undertaken across all
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catchments in NSW to third or fourth order streams and greater. It is the primary spatial layer to which the
HEVAE data are applied, enabling in-stream value to be represented on a spatial scale.

MACQUARIE-CASTLEREAGH REGULATED RIVER REACHES
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Figure 4-2. MDBA hydrologic indicator sites and representative regulated reaches for the Macquarie-Castlereagh

WRPA

NSW Department of Industry | INT18/162302 | 95




Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

MACQUARIE-CASTLEREAGH UNREGULATED FLOW SITES
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Figure 4-3. Location of unregulated flow gauges and the MDBA hydrologic indicator site used for generating flow
sequences in unregulated rivers in the Macquarie-Castlereagh WRPA

42.1. HEVAE

Ecological scoring was derived from the National Aquatic Ecosystems Toolkit Module 3 (Aquatic Ecosystems
Task Group 2012). For the purposes of the toolkit, HEVAE are aquatic ecosystems that are considered to be
of high ecological value as determined by a consistent and objective process such as that provided by Module
3. A standardised HEVAE method was applied to every MDB WRPA. Detailed methodology is provided in
(Healey et al. 2018)

The criteria used in the HEVAE framework aligns to criteria listed in Schedules 8 and 9 of the Basin Plan for
identifying ecological assets and ecosystem functions. The alignment of the two sets of criteria is provided in
Appendix B. The assigning of HEVAE scoring was developed using the same data and mobility weightings
used by the Office of Environment and Heritage (OEH) to identify environmental assets and functions for the
Long Term Water Plan (LTWP).

The HEVAE framework consists of five key criteria that can be used at a range of scales; diversity,
distinctiveness, naturalness, vital habitat and representativeness. It should be noted that NSW does not
currently use the key criteria of “representativeness” due to insufficient data availability.

HEVAE criteria are applicable at the regional level and meet NSW jurisdictional needs (Aquatic Ecosystems
Task Group 2012). Each of the four criteria had a number of associated attributes (Figure 4-4); a score
between 0 and 1.0 was assigned to each attribute based on the data type and source. A weighting was
applied to each metric to give an overall criteria score. The four criteria were then combined into a final score
between 0 and 1.0 to give an overall in-stream value score (i.e. a HEVAE score).

Natural variation in attribute scores can occur and may cause or influence clumping in data sets. To reduce
this clumping effect, data-rich outcomes were standardised (Bennett et al. 2002; Macgregor et al. 2011) to
enable each assessed attribute to be scored against the same scale.

Weightings were applied to the attributes to reflect the purpose of the assessment and the views of
stakeholders. Applying a weighting process also allowed the final scoring to reflect the importance of the
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factors used in this assessment and to assist with identifying attributes that have a greater contribution to the
assessment (Bennett et al. 2002; Macgregor et al. 2011; Hughey 2013).

During the development of macro WSPs in NSW, specific weightings were linked to the flow sensitivity (Table
4-1) of in-stream flow dependent threatened species, populations and communities (DIPNR 2005). The
weightings for each species were agreed upon through discussions with participating NSW agencies with
consideration to the importance of flow alteration as a key threatening process (NOW 2011b). These same
flow sensitivity weightings were applied in the HEVAE scoring. Evidence was collated to support the
weightings associated with attributes. For example, if a threatened species population or endangered
ecological community had alteration to natural flow listed as a key threat, it receives a flow sensitivity weighting
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Figure 4-4. The four HEVAE criteria and associated attributes used in assessing HEVAE in NSW
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Table 4-1. Examples of flow sensitivity weightings used in the HEVAE process

Score/

weighting Definition

Highly sensitive to extraction and/or flow, with
4 specific flow requirements - less able to move
to alternative refuge

Typical examples

Fish; stream breeding threatened frogs; threatened
listings where alteration to flow is listed as a key threat,
Ramsar wetlands

Moderately sensitive to extraction and/or flow
3 - some ability to adjust to flow changes or
relocate

Macroinvertebrates, some threatened frogs; frogs, turtles,
wet flora; threatened listings where alteration to flow is
listed as a key threat, but profile details indicate moderate
influence

Slightly sensitive to extraction and/or flow -

5 can generally survive across a wider range of
flow conditions, or can move elsewhere to
seek refuge

Wading/water birds; threatened listings where alteration to
flow considered as a potential threat, but profile details
indicate lesser influence

Low sensitivity to extraction and/or flow -
secondary relationship to flow and extraction

Riparian and some floodplain vegetation; birds that nest in
riparian trees; threatened listings where alteration to flow
may not be considered to be a threat, but profile details
indicate lesser influence, geomorphology

Reference: (Healey et al. 2018).

4.2.2. Consequence decision tree

To determine the impact on in-stream ecological functions and assets consideration has to be given to where
and how much extraction pressure (individual licence entitlement) has occurred and whether this had the

potential to influence the HEVAE score.

A decision tree was used which prioritised Ramsar habitat, converting high and very high HEVAE scores into
high and very high consequence ranks. Non-Ramsar high and very high value reaches were ranked according
to whether they were upstream or downstream of extraction, and whether freshwater-dependent fauna and

flora occurred in the assessment area.

Medium HEVAE scores either retained their rank or were downgraded to a low or very low consequence using
a similar rationale as the high and very high HEVAE scores described above. That is, if freshwater-dependent
fauna and flora occurred in the assessment area, the HEVAE score remained medium. If there were no
freshwater-dependent fauna and flora in the assessment area the consequence score became either low or
very low, depending on whether the assessment area had cumulatively more medium and low HEVAE

reaches, or mostly very low HEVAE reaches.

Freshwater-dependent fauna and flora records used in the decision tree process were site-based data
(recorded data), obtained from agency databases and with a high level of confidence. Predicted occurrences
and “known records” (‘known records’ are predicted occurrences within the vicinity of recorded data: see
(Healey et al. 2018) used in the HEVAE model were not considered when progressing through the decision
tree, as the confidence in those data was not as high. In the event that there were no site-based records, the
consequence rank was lowered to the next category. That is, if a high HEVAE score had records only based
upon predicted or known data, the consequence category became medium.

Each bifurcation in the decision tree was annotated to allow each score to be tracked through the decision tree
during the assessment. The decision tree and the rationale for each bifurcation are provided in Appendix C.

4.2.3.

Regulated river water source

Consequence score

Key aquatic ecological assets in the Macquarie-Castlereagh WRPA include:

. Wetlands of international significance listed under the Ramsar Convention (Macquarie Marshes)

« A number of endangered ecological communities (EEC) including carex sedgeland, coolibah-black box
woodlands, carbeen open forest and the lowland Darling River EEC
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A diverse range of vegetation including river red gum forest and woodland, black box woodland and
lignum

Threatened bird species including Australasian bittern, Australian painted snipe, black-necked stork,
black-tailed godwit, blue-billed duck, brolga, cotton pygmy-goose, curlew sandpiper, eastern osprey,
freckled duck and magpie geese

Threatened native fish species including Murray cod, olive perchlet, silver perch, trout cod and purple
spotted gudgeon, and threatened populations of eel-tailed catfish

Threatened species such as the green and golden bell frog, Booroolong frog, yellow-spotted tree frog,
southern bell frog, greater broad-nosed bat and river snail

Other flow-dependent assets including the Macquarie River channel, the lower Macquarie River, and

the effluent Creeks (e.g. Marra Creek, Crooked Creek and Duck Creek) on the western side of the

Marshes.

Consequence scoring shows that most of the Macquarie regulated river has high to very high consequences
(Figure 4-5; Table 4-2) due to a number of factors including high fish diversity, presence of threatened fish
species and large tracts of riparian vegetation and relatively undisturbed river reaches contributing to the
provision of habitat and primary production. There is also the presence of endangered ecological communities,
the most widespread of these being the Lowland Darling River Aquatic EEC and the Coolabah-Black box

Woodland EEC.

Table 4-2. Consequence results for the Macquarie Cudgegong regulated water source in the Macquarie-

Castlereagh WRPA

Regulated river reach

Consequence Rating
(HEVAE consequence score)

Cudgegong River at Rocky Water Hole High
Cudgegong River at Yamble Bridge Medium
Macquarie River downstream Burrendong Dam Medium
Macquarie River at Geurie Medium
Macquarie River at Dubbo Very high
Macquarie River at Narromine Very high
Macquarie River at Gin Gin Very high
Macquarie River at Warren Weir Very high
Macquarie River downstream Marebone Weir Medium
Macquarie River at Oxley Station Very high
Gunningbah Creek below regulator High
Gunningbah Creek downstream Gunningbah Weir High
Duck Creek at Offtake Low
Crooked Creek at Profile Very high
Duck Creek upstream Bogan River junction Medium
Bulgeraga Creek at Pillicawarrina Very high
Reference:(Healey et al. 2018).

Fish data from the MDB Sustainable Rivers Audit (Davies et al. 2012) and other sources were analysed by
DPI Fisheries to assess the distribution of threatened fish species and to identify areas of relative high fish
biodiversity within the Macquarie-Castlereagh WRPA. These data are included in the HEVAE assessment;

results are provided in Appendix D.
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Unregulated water sources

Unregulated rivers in the Macquarie-Castlereagh WRPA have very high or high consequence scores in the

following water sources (Table 4-3):

« Inthe upland zone the Fish River has high values due to the presence of several species of threatened
frogs and the Castlereagh River above Binnaway has very high value due to threatened fish.;

. Inthe midland zone, Wambangalang Whylandra system and Coolbaggie Creek have high values due
to the presence of endangered ecological communities and threatened fish;

« Inthe lowland zones the Upper Bogan, the Lower Bogan River, Bulbodney-Grahway Creek,
Backwater-Boggy Cowel, Ewenmar Creek, Marra Creek, Lower Macquarie River and Marthaguy Creek
all have high or very high values due to the presence of endangered ecological communities and

threatened fish; and

. Lower Macquarie River also rates very high due to its proximity to Ramsar wetlands.

Table 4-3. Consequence results for the Macquarie Bogan and Castlereagh unregulated water sources in the

Macquarie-Castlereagh WRPA

Unregulated water source

Consequence Rating

(HEVAE consequence score)

Backwater-Boggy Cowal Medium
Bell River Low
Bulbodney-Grahway Creek system High
Burrendong Dam Storage Tributaries Medium
Campbells River Medium
Coolbaggie Creek system High
Cooyal Wialdra Creek System Low
Ewenmar Creek system High
Fish River High
Goolma Creek Low
Lawson's Creek Low
Little River High
Lower Bogan River High
Lower Macquarie River Very High
Lower Talbragar River Medium
Macquarie River above Burrendong Medium
Marra Creek system Very High
Marthaguy Creek High
Maryvale-Geurie Low
Molong Creek and tributaries Low
Piambong Creek Low
Pipeclay Creek Low
Queen Charlottes Vale Creek/Evans Plains Creek Medium
Summerhill Creek Low
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Unregulated water source

Consequence Rating
(HEVAE consequence score)

Turon/Crudine Medium
Upper Bogan catchment Medium
Upper Cudgegong River above Windamere Medium
Upper Talbragar/Goolaburra-Gundy River Medium
Wambangalong Whylandra System High
Winburndale Rivulet Medium
Castlereagh River Binnaway-Gilgandra Low
Castlereagh River above Binnaway Very High
Castlereagh River below Coonamble Low
Castlereagh River Gilgandra-Coonamble Low
Nedgera Creek System Low
Teridgerie Creek System Medium
Tooraweenah Gulargambone Tributaries Low

N/A - Consequence could not be calculated due to lack of data

Reference:(Healey et al. 2018).
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MACQUARIE-CASTLEREAGH INSTREAM VALUE
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Figure 4-5. HEVAE scoring of in-stream values in the Macquarie-Castlereagh WRPA
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4.3. Risks to water available for the environment and capacity to
meet environmental water requirements [E(W)]

The regulation of river flows can impact on ecosystem functions and environmental assets through changes in
the magnitude, frequency, duration and timing/seasonality of river flows, potentially leading to a loss or
degradation of in-stream ecological values. In regulated systems, risks to the riverine environment can be due
to insufficient water, particularly at the bottom end of a catchment, or too much water in circumstances where
base flows or natural dry periods no longer occur. The channel and floodplain are functionally and ecologically
inseparable with the hydrological connections between the main river channel and its floodplain controlled by
the pattern of flow in the river. The regulation of flow, and extraction of water, may alter a river’s hydrology to
the extent that it cannot maintain its key ecosystem functions.

The extraction of unregulated flow can impact on ecosystem functions by reducing the magnitude of river flows
and increasing the frequency and duration of zero flows. In some unregulated reaches, such as reaches
downstream of regulated rivers or non-regulating dams, higher flows such as freshes can also be reduced.

The impact pathway is shown in Figure 4-6 and demonstrates that the threat of flow alteration is driven by
licensed surface water extraction and river regulation. The likelihood is described as the extent of change to
key flow components, while the consequence is assessed by considering the ecological assets and functions
that would be impacted.

CAUSE THREAT IMPACT

River regulation

Regulated Licensed surface water
AT extraction - -
— Likelihood: Hydrological deviation from A_Iter_a_tlon to ec°|0g_'ca”y
near-natural scenario to 2800 GL scenario significant flow regime Change to instream environmental
for ecologically significant components of components (zero flow periods, assets and ecosystem functions
the flow regime baseflows, fresh flows, high L |
flows) Consequence: HEVAE score + decision

tree

Licensed surface water
extraction

Unrggulated Likelihood: Hydrological deviation from

rivers near-natural scenario to 2800 GL scenario
for ecologically significant components of
the flow regime

Figure 4-6. Impact pathway showing impact of river regulation and licensed extraction on water available for the
environment

4.3.1. Determining the likelihood rating

Stream flow varies in response to climate, season, landform and land use. Stream flow supports key
environmental assets and underpins ecosystem functions within the riverine environment.

This risk assessment process has identified key features of flow regimes which have impacts on key
ecosystem functions and assets identified by the Murray—Darling Basin Authority (2010) and Alluvium (2010).
These key flow components and their features are summarised below (Table 4-4).

Table 4-4. Key features of flow regimes which impact on ecosystem functions and environmental assets

Flow regime
component

Key feature

Cease to flow events | Pools can provide important refugia for a range of taxa during periods of no flow. Continued
for pools and refugia | extraction of water from pools can lead to greater competition for resources by aquatic biota, as
) well as changes to water quality.
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Flow regime
component

Base flows
(BF)

Key feature

Base flows (low flows) are those flows that are confined to the low flow part of the channel.
They persist after rain has stopped as a result of connection to groundwater aquifers.
Protection of low flows protects longitudinal connectivity, as well as important flowing water
habitat types (riffles and pools) that support specialist feeding groups including
macroinvertebrate communities and fish.

Base flows are important to fish communities because they:
¢ Provide a diversity of habitats for sheltering, feeding and spawning.

o Establish connectivity and enable longitudinal movement of fish between pools. Large
bodied fish may not move during base flows due to inadequate water depth within riffles,
but small bodied fish may move if conditions are suitable.

¢ Constantly exchange and refresh water in pools and therefore maintaining reasonable
water quality.

Freshes

(F)

Freshes are larger flows that inundate the sides of the banks and any in-channel bars and
benches that may be present. These are often caused by a rain event leading to increased
inflows to the river that travel as a pulsed flow down the system. Freshes are required to
support in-stream processes and biota in the same way as bank full and over bank flows, in
terms of flow magnitude, duration, timing and frequency. Freshes are a distinct event.

Large and infrequent
flows

(BKF and OB)

Large flow events occur on an average recurrence interval (ARI) of greater than a year. These
flow events are distinct from base flows and freshes because they can generate bank full and
over bank flows.

Bank full flows are regarded as important for maintaining river geomorphology, and are often
termed the “channel forming” flows, as they help define and maintain channel dimensions such
as width, depth and slope, and in-channel habitats such as benches and bars. High flows and
freshes also act as a natural disturbance in river systems, helping to remove vegetation,
aquatic plants and organic matter and resetting successional processes. Over bank flows
deliver water, sediment and dissolved material, including plant nutrients, to the floodplain and
provide temporary access to floodplain aquatic habitats. Water returning from the floodplain to
the channel may carry carbon in the form of dissolved carbon and organic detritus, micro-
organisms and small plankton animals. All are generated by the productive floodplain
ecosystem and supported by inputs of water from the channel.

Reference: (Chessman et al. 2006; Alluvium 2010; MDBA 2010; MDBA 2012a)

Risks to ecosystem functions and environmental assets from not meeting environmental watering
requirements are described by the extent of hydrological deviation from key flow regimes. All hydrological
modelling was undertaken using IQQM software. IQQM is the principle modelling platform used in NSW and
Queensland, and was also used by the MDBA (MDBA 2012a).

The hydrological alteration metrics used to assign a likelihood rating of impacting on the ecological assets and
functions are the same as those used to prioritise flows for key ecological processes in the Basin Plan (MDBA

2012a).

Hydrological alteration metrics were chosen to reflect the key ecological features of flow regimes described in
Table 4-4. These metrics indicate change to the following flow components:

. Zero flow periods (or cease to flow events) (2)
. Base flows (BF)

. Freshes (F)

. High flows 1.5 year average recurrence interval (ARI) (BK1.5)
. High flows 2.5 year ARI (OB2.5)
. High flows 5.0 year ARI (OB5).
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Differences in channel morphology along a river may mean that a high flow event could result in over bank
flows on one reach but not others. The ARI events used in this risk assessment are therefore considered to be
broadly indicative of a river section’s likelihood. The specific ARI that might be needed, for instance, to
inundate a particular wetland, will be addressed in the Long Term Water Plan (LTWP).

Under the Basin Plan, environmental watering requirements (EWRS) are the flow targets required to achieve
ecological objectives for priority environmental assets (PEAs) and priority ecosystem functions (PEFs). EWRs
are identified for PEAs and PEFs in the Macquarie-Castlereagh WRPA in the LTWP developed by OEH (
(2018a) (Table 6)) and are based on seven flow components. Within each flow component, flow types have
been assigned based on the timing, duration and frequency of flow required to support environmental assets
and ecosystem functions.

This risk assessment was completed prior to EWRs being developed for the Macquarie-Castlereagh WRPA,;
therefore the ideal timing of EWRs was not an explicit consideration in the likelihood calculations discussed

below. However, the likelihood assessment does identify the change in frequency, magnitude or duration of

certain flow components, regardless of the seasonality. Therefore any changes to hydrology during the ideal
LTWP timing periods have been identified.

The alignment between the EWRs identified in the LTWP and the flow components used in this risk
assessment is provided in Table 4-5. Alignment of EWRs of the LTWP and flow components assessed in the
Macquarie-Castlereagh WRPA risk assessment

Long Term Water Plan (OEH)"

Macquarie-Castlereagh
(NSW Department of In

. Ideal EWR
Flow Maximum
EWR .
component inter-flow
reference Timing Duration Frequency
In line with Il\ifgl‘
Cease-to- CF N/A In line with natural, unless No greater than natural Zero flow CON
flow natural key refuges (2) timi
endangered. freq
Met
likel
com
Very-low VE No greater Any time No less than No less than natural Base flow low
flow than natural natural (BF) sea
The
equ
(apr
Met
likel
No less than comn
natural Maintain low
As required refuge habitat Base flow sea
Base flow BF1 during dry Any time guantity and No less than natural (BF) Like
periods quality, and calc
support 80-¢
connectivity perec
des
soul
Met
likel
5-10in a 10 year comn
Base flow BF2 2 years September to In line with natural | period (1 every 1-2 Fresh 209
March (F)

years) sea
cap
flow

NSW Department of Industry | INT18/162302 | 105



Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

Long Term Water Plan (OEH)*

Macquarie-Castlereagh
(NSW Department of In

. Ideal EWR
Flow Maximum
EWR :
component i inter-flow
1 reference  period Timing Duration Frequency
Met
Ideally October likel
Small fresh SF1 1 year to April, but can 10 days minimum ?r;nu::l car) '(:FreSBT(/élRSS duri
occur anytime Pery ’ ) 15
flow
Met
September to . 5-10 years in 10 Fresh/ARI 1.5 likel
Small fresh SF2 2 years April 14 days minimum (1 every 1-2 years) (F, BKF1.5) con
SF2
Initial flow:
approximately 12-18
July to e
September for lr)nontdhs followmg fish
first flow and reeding event in Met
October to April Barwon Darling/ large ARI 1.5 likel
Small fresh SF3 4 years 14 days minimum | fresh at Wilcannia. )
for subsequent Foll fl ithin 12 (BKF1.5) com
flow, (but either ollow up flow within SF3
can 'occur an months of initial flow to
time) y allow further fish
movement between the
catchments
Ideally July to Met
September but . 5-10 years in 10 ARI 1.5 likel
Large fresh LF1 2 years can oceur 5 days minimum (1 every 1-2 years) (BKF1.5) cor
anytime LF1
Met
. - 3-5yearsin 10 ARI 2.5 likel
Large Fresh | LF2 4 years October to April 5 days minimum (1 every 2-3 years) (BKF2.5) con
LF2
Met
Over bank/ In line with natural likel
Wetland OBWS1 18 Months Anytime (no less than 9-10 years in 10 Fresh/ARI 1.5 duri
(F, BKF1.5)
Small natural) 15
OB\
Met
Over bank/ . ;
. . 5 years in 10 ARI 1.5 likel
Wetland OBWS2 4 years October to April 10 days minimum (L every 2 years) (BKF 1.5) corr
Small
OB\
5 days minimum
for fish dispersal Met
Over bank/ Ideally Sept to In line with natural | 2-3 yearsin 10 ARI 2.5 likel
Wetland OBWS3 5 years Feb but can IR
. for riparian river (1 every 3-5 years) (OB2.5) corr
Small occur anytime
red gum OB\
communities
3-8 months for
wetlands. Refers
August to March, | ¢t 2 FEERECR
OBWS4 with benefits also !
. flow can be Met
Over bank/ (Non- outside that ;
o . shorter. For . ARI 2.5 likel
Wetland woody 2 years period including . 8-10 yearsin 10
. - streamside areas, (OB2.5) corr
Small vegetation by providing off- ) .
. only duration to fill OB\
zone) season bird - )
- . the soil profile,
foraging habitat -
depressions/
billabongs
required.
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Long Term Water Plan (OEH)*

Macquarie-Castlereagh
(NSW Department of In

. Ideal EWR
Flow Maximum
EWR .
component i inter-flow
1 reference  period Timing Duration Frequency
3-6 months for
wetlands. Refers
ugusto arch, | 5 0 prasence
OBWM with benefits also 9 ’
h . flow can be Met
Over bank/ (river red outside that ;
N . shorter. For . likel
Wetland gum 4 years period including . 5yearsin 10 ARI 5
Medium woodland by providing off- stream5|dg areas, corr
. only duration to fill OB\
zone) season bird the soil profile
foraging habitat d P '
epressions/
billabongs
required.
2-6 months for
wetlands. Refers
to the persistence
August to March, | of standing water,
with benefits also | flow can be
OBWL . Met
Over bank/ (Coolabah/ | 5 years to 10 out_S|de_ that _ shorter. _For _ likel
Wetland period including streamside areas, | 2to 3 yearsin 10 ARI 5
Black box years L : corn
Large zone) by providing off- only duration OB\
season bird sufficient to fill the
foraging habitat soil profile,
depressions/
billabongs
required.

! Table 6,(OEH 2018a). Note that LTWP flow components do not provide definitions of percentiles or frequencies
2"Base flow” in the LTWP is not defined as a flow percentile or flow component, but rather a “base” flow required to provide minimum depth al
to support migratory fish.

below. This table demonstrates how regard was had to the EWRs for PEAs and PEFs in the preparation of
the likelihood component of this risk assessment. As discussed in Section 4.2 above, there is also alignment
between Schedules 8 and 9 of the Basin Plan and the assets and functions identified in the LTWP. Therefore
the risks to the capacity to meet EWRs in the Macquarie-Castlereagh WRPA can be assessed and
consideration given to strategies to manage these risks as required by Chapter 10 of the Basin Plan (see
Section 8 of this report).
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Table 4-5. Alignment of EWRs of the LTWP and flow components assessed inthe Macquarie-Castlereagh WRPA risk assessment

)1 Macquarie-Castlereagh WRPA risk assessment

Long Term Water Plan (OEH
(NSW Department of Industry)

_ ldeal EWR
Maximum Flow component : :
Flow EWR How this risk assessment

inter-flow assessed .
considers the EWR

1
COMmPONEnt TRiErenee period Timing Duration Frequency (section 4.3)

Metrics used to calculate

Inline with likelihood for the zero flow

Cease-to- In line with natural, unless Zero flow . . .
CF N/A No greater than natural component identifies changes in
flow natural key refuges (2) S . .

timing, duration and ideal

endangered.
frequency

Metrics used to calculate
likelihood of base flow
components included identifying
Very-low No greater i No less than Base flow low flows during ‘wet’ and ‘dry’
VF Any time No less than natural
flow than natural natural (BF) seasons.

The dry season calculation is
equivalent to very low flows
(approximately 90-95%ile)

Metrics used to calculate
likelihood of base flow

No less than components included identifying
natural Maintain low flows during ‘wet’ and ‘dry’
As required refuge habitat seasons.
. . . Base flow i .
Base flow BF1 during dry Any time quantity and No less than natural Likelihoods were generally
. ) (BF)
periods quality, and calculated on flows between the
support 80-95%ile, depending on which
connectivity percentile most accurately

described low flows in the water
source.

Metrics used to calculate
likelihood of fresh flow

5-10in a 10 year components included identifying
September to X . K Fresh i .
Base flow BF2 2 years M h In line with natural period (1 every 1-2 (F) 20%ile flows during ‘wet’ and ‘dry’
arc
years) seasons and would

capture alterations to the BF2
flows.

Metrics used to calculate

Ideally October likelihood of fresh flow (20 %ile
. L Annual Fresh/ARI 1.5 . .
Small fresh SF1 1 year to April, but can 10 days minimum during wet/dry periods) and ARI
i (1 per year) (F, BKF1.5)
occur anytime 1.5 would capture most of the SF1
flows.
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)1 Macquarie-Castlereagh WRPA risk assessment

Long Term Water Plan (OEH
(NSW Department of Industry)

_ Ideal EWR
Maximum Flow component : :
Flow EWR , How this risk assessment
1 ; inter-flow assessed id h
component reference period Timing DO e Frequency (section 4.3) considers the EWR
Metrics used to calculate
September to L 5-10 years in 10 Fresh/ARI 1.5 likelihood of ARI 1.5 flow
Small fresh SF2 2 years i 14 days minimum . .
April (1 every 1-2 years) (F, BKF1.5) component identifies changes to
SF2.
Initial flow:
approximately 12-18
July to . .
months following fish
September for . .
] breeding event in .
first flow and ) Metrics used to calculate
Barwon Darling/ large
October to April L ARI 1.5 likelihood of ARI 1.5 flow
Small fresh SF3 4 years 14 days minimum fresh at Wilcannia . . .
for subsequent Foll f ithin 12 (BKF1.5) component identifies changes to
. ollow u ow within
flow, (but either P o SF3.
months of initial flow to
can occur any )
. allow further fish
time)
movement between the
catchments
Ideally July to Metrics used to calculate
September but L 5-10 years in 10 ARI 1.5 likelihood of ARI 1.5 flow
Large fresh LF1 2 years 5 days minimum . o
can occur (1 every 1-2 years) (BKF1.5) component identifies changes to
anytime LF1.
Metrics used to calculate
. o 3-5 years in 10 ARI 2.5 likelihood of ARI 2.5 flow
Large Fresh LF2 4 years October to April 5 days minimum i .
(1 every 2-3 years) (BKF2.5) component identifies changes to
LF2.
Metrics used to calculate
Over bank/ In line with natural likelihood of fresh flow (20%ile
. . Fresh/ARI 1.5 . .
Wetland OBWS1 18 Months Anytime (no less than 9-10 years in 10 (F. BKF1.5) during wet/dry periods) and ARI
Small natural) ' ’ 1.5 would capture most of the
OBWS1 flows.

! Trigger is a demonstrated breeding eventin the Barwon Darling with young of year. If there has been insufficient monitoring to confirm/deny this, the trigger
is a large fresh at Wilcannia. Monitoring results noted in Stuart and Sharpe (2018) Towards a Southern Connected Basin flow plan: Connecting rivers to
recover native fish communities, indicate that a flow of approximately 10,000 ML/day at Wilcannia coincides with breeding events for golden perch. The

approximate 12-month delay following the breeding eventis to allow recruits to reach sufficient maturity to move up into the Macquarie.
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1 Macquarie-Castlereagh WRPA risk assessment
Long Term Water Plan (OEH)
(NSW Department of Industry)
_ Ideal EWR
Maximum Flow component : :
Flow EWR , How this risk assessment
1 ; inter-flow assessed id h
component reference period Timing DO e Frequency (section 4.3) considers the EWR
Metrics used to calculate
Over bank/ . . .
. L 5 years in 10 ARI 1.5 likelihood of ARI 1.5 flow
Wetland OBWS2 4 years October to April 10 days minimum . .
S 1 (1 every 2 years) (BKF 1.5) component identifies changes to
ma
OBWS2.
5 days minimum
for fish dispersal Metrics used to calculate
Over bank/ Ideally Sept to X K X X .
Inline with natural 2-3 years in 10 ARl 2.5 likelihood of ARI 2.5 flow
Wetland OBWS3 5 years Feb but can . ) K . .
i for riparian river (1 every 3-5 years) (0OB2.5) component identifies changes to
Small occur anytime
red gum OBWS3.
communities
3-8 months for
wetlands. Refers
to the persistence
August to March, i
i . of standing water,
OBWS4 with benefits also .
. flow can be Metrics used to calculate
Over bank/ (Non- outside that . .
i . . shorter. For i ARI 2.5 likelihood of ARI 2.5 flow
Wetland woody 2 years period including X 8-10 years in 10 i o
. o streamside areas, (0OB2.5) component identifies changes to
Small vegetation by providing off- i K
. only duration to fill OBWS4.
zone) season bird i .
i . the soil profile,
foraging habitat .
depressions/
billabongs
required.
3-6 months for
wetlands. Refers
to the persistence
August to March, i
. . of standing water,
OBWM with benefits also .
. . flow can be Metrics used to calculate
Over bank/ (river red outside that . .
. X . shorter. For X likelihood of ARI 5 flow
Wetland gum 4 years period including X 5 years in 10 ARI 5 . m
i o streamside areas, component identifies changes to
Medium woodland by providing off- . K
. only duration to fill OBWM.
zone) season bird i .
. . the soil profile,
foraging habitat )
depressions/
billabongs
required.
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Flow EWR

reference

1
component

OBWL
Over bank/

(Coolabah/
Wetland

Black box
Large

zone)

)1

Maximum
inter-flow
period

5 years to 10
years

ldeal EWR

Timing

August to March,
with benefits also
outside that
period including
by providing off-
season bird
foraging habitat

Duration

2-6 months for
wetlands. Refers
to the persistence
of standing water,
flow can be
shorter. For
streamside areas,
only duration
sufficient to fill the
soil profile,
depressions/
billabongs

required.

Risk assessment for the Macquarie—-Castlereagh water resource plan area (SW11): Part 1

Frequency

2 to 3 years in 10

Macquarie-Castlereagh WRPA risk assessment
(NSW Department of Industry)

Flow component
assessed
(section 4.3)

How this risk assessment
considers the EWR

Metrics used to calculate
likelihood of ARI 5 flow
component identifies changes to
OBWL.

ARI 5

! Table 6,(OEH 2018a). Note that LTWP flow components do not

2”Base flow” in the LTWP is not defined as a flow percentile or flow component, but rather a “base” flow required to provide minimum depth and connectivity requirements

to support migratory fish.

provide definitions of percentiles or frequencies
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Regulated river water source

The MDBA modelled a 2800 gigalitre (GL) reduction target across the Basin (MDBA 2012a). Flow sequences
were generated by the MDBA using NSW Department of Industry IQQM models. This modelling scenario
modelled a 2800 GL/year reduction in consumptive water use across the Basin; this included 450 GL/yr
recovery from the northern Basin. While an eventual Basin Plan recovery target was 2750 GL, the 2800 GL
scenario is considered relevant as the change in the Condamine-Balonne valley had little impact on the
environmental flow indicators downstream (MDBA 2012a).

The results published by the MDBA are the percentage change of the 2800 GL target scenario from a near-
natural condition scenario; the latter is a modelled scenario approximating river flows without any dams, weirs
or extraction (MDBA 2012b).

Likelihood category definitions are defined based on the extent of deviation from the near-natural condition
(Table 4-6). Flow deviation can be positive (e.g. 125 %), which means more water is available for that
particular flow component under the 2800 GL scenario than the near-natural condition; conversely a negative
deviation (e.g. 75 %) means less water for that particular flow component.

Table 4-6. Likelihood metrics for risk of insufficient water available for the environment and risk to EWRs in the
regulated Macquarie and Cudgegong Rivers

Likelihood metric Metric category Metric category definition

Flow Deviation (2800 GL Low < 20% departure from near-natural condition (+/-)
target scenario compared to

near-natural condition scenario
(MDBA 2012b) High > 50% departure from near-natural condition (+/-)

Reference: (Alluvium 2010); (VanLaarhoven and Van der Wielen 2009)

Medium 20-50% departure from near-natural condition (+/-)

Eight of the eleven MDBA hydrologic indicator sites were used to calculate likelihood results in the assessment
of risk for the Macquarie Cudgegong regulated river (Table 4-7).

Table 4-7. Likelihood results for the Macquarie Cudgegong regulated rivers

Likelihood rating

Regulated river reach Zero Base-flow . .. ‘ High and Infrequent Flows
Flow or Low Flows
Periods  Flows W OB 1.5ARI OB 25ARI OB 5.0ARI
Cudgegong River at Rocky Water He He He H- H- H-
Hole
Cudgegong River at Yamble Bridge | H+ H+ M- M- L- L-
Macquarie River downstream H- He He H- H- H-
Burrendong Dam
Macquarie River at Geurie L° H+ H+ H- H- H-
Macquarie River at Dubbo L° H+ H+ H- H- M-
Macquarie River at Narromine H- H+ H+ H- H- M-
Macquarie River at Gin Gin H- H+ H+ H- H- M-
Macquarie River at Warren Weir H+ H+ H+ M- L- L-
Macquarie Rlv_er downstream He H- He L- L- L0
Marebone Weir
Macquarie River at Oxley Station H- H- H+ L- L- L-
Gunningbah Creek below regulator | H- H- H- H- H- H-
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Likelihood rating

Regulated river reach Zero Base-flow ‘ High and Infrequent Flows
Flow or Low
Periods Flows OB 15ARI OB 25ARI OB5.0ARI
Gunningbah Creek downstream
Gunningbah Weir H- H+ H- H- H- H-
Duck Creek at Offtake H- H+ H- H- H- H-
Crooked Creek at Profile H- H+ H- H- H- H-
_Duck_ Creek upstream Bogan River H- He H- H- H- H-
junction
Bulgeraga Creek at Pillicawarrina H+ H- H+ L- L- L-
Key: L = low; M = medium; H = high; N/A = no hydrological data available
+ increase from near-natural condition; — decrease from near natural condition; ° no change from near-natural condition
Reference: (MDBA 2012b)

Unregulated water sources

For the majority of unregulated water sources, single reach IQQM models were used to derive flow
sequences. Extraction at full development of unregulated entitlement was assumed to simulate flow
sequences to compare against the near-natural condition scenario (as defined above). Where appropriate,
unregulated flow gauges were also used for single reach models in adjacent water sources if a suitable gauge
was not available.

MDBA modelling was generally not used in the unregulated rivers as it is not representative of the hydrology at
the water source scale. However, in some locations, the hydrologic alteration metrics for the regulated river
could be used for higher flow metrics. An example is the unregulated effluent rivers associated with high flows
in the regulated river or unregulated reaches directly downstream of regulated rivers. Therefore, MDBA
modelling was used for four unregulated water sources (Figure 4-3).

Similar to regulated systems, likelihood category definitions are defined based on the extent of deviation from
the near-natural condition (Table 4-8).

Table 4-8. Likelihood metrics for risk of insufficient water available for the environment and risk to EWRs in
unregulated water sources in the Macquarie-Castlereagh WRPA

Likelihood metric Metric category Metric category definition

Flow Deviation (full Low < 20% departure from near-natural condition (+/-)
development of unregulated . 0 ",
entitlement compared to Medium 20-50% departure from near-natural condition (+/-)
near-natural condition High > 50% departure from near-natural condition (+/-)

scenario)

Reference: (Alluvium 2010); (VanLaarhoven and Van der Wielen 2009)

The likelihood results for the unregulated Macquarie Bogan and Castlereagh water sources are shown in
Table 4-9.
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Table 4-9. Likelihood results for unregulated water sources in the Macquarie-Castlereagh WRPA

Likelihood rating

Unregulated water source Zero flow ﬁase- High and infrequent flows
. ow or

periods low flows OB 1.5 ARl OB 25ARI OB5.0ARI
Backwater-Boggy Cowal H- H- M-
Bell River H+ H- L- L° L° L°
Bulbodney-Grahway Creek system L+ H- L- L° L° L°
Burrendong Dam Storage Tributaries | H+ H- L- L° L° L°
Campbells River H+ H- L- L° L° L°
Coolbaggie Creek system L° H- L- L° L° L°
Cooyal Wialdra Creek System H+ H- H- L- L- L-
Ewenmar Creek system H- H- M-
Fish River H- M- H- H- M- M-
Goolma Creek L° L° L° L° L° L°
Lawson's Creek H+ H- L- L° L° L°
Little River M-+ H- L- L° L° L°
Lower Bogan River H- H+ M- M- H- M-
Lower Macquarie River H- M- M- H- M- M-
Lower Talbragar River H+ H- L- L° L° L°
Macquarie River above Burrendong H+ H- L- L- L- L-
Marra Creek system L+ H+ H+ H- H- M-
Marthaguy Creek M+ H+ H+ M- M- L-
Maryvale-Geurie L+ H- L- L° L° L°
Molong Creek and tributaries H+ H- M- L- L- L-
Piambong Creek H+ H- L- L° L° L°
Pipeclay Creek H+ H- L- L- L° L°
ngen Charlottes Vale Creek/Evans He H- L- L- L- L0
Plains Creek
Summerhill Creek H+ H- M- L° L° L°
Turon/Crudine H+ M- L- L° L° L°
Upper Bogan catchment H+ H- H- M- M- M-
Upper Cudgegong River above He H- M- M- M- M-
Windamere
Upper Talbragar/Goolaburra-Gundy He M- L- L0 L0 L0
River
Wambangalong Whylandra System | L+ L° L° L° L° L°
Winburndale Rivulet H+ H- L- L- L° L°
Cgstlereagh River Binnaway- H+ H- L- L0 L0 L0
Gilgandra
Castlereagh River above Binnaway | LO M- L- L° L° L°
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Likelihood rating

Unregulated water source Zero flow ﬁase- High and infrequent flows
. ow or

periods | tows OB 1.5 ARl OB 2.5ARI OB 5.0 ARI
Castlereagh River below Coonamble | H+ H- L- L- L- L-
Castlereagh River Gilgandra- H+ H- L L L L-
Coonamble
Nedgera Creek System L° L° L° L° L° L°
Teridgerie Creek System L+ L° L° L° L° L°
To_orawgenah Gulargambone L+ L0 L0 L0 L0 L0
Tributaries

Key: L = low; M = medium; H = high; N/A = no data available

* increase from near-natural condition; ~ decrease from near-natural condition; ® no change from near-natural
condition

A Cease to Pump (CtP) was included in the modelling scenario.
Reference: (MDBA 2012b)
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4.3.2. Existing water management actions and mechanisms

The Water Management Act 2000 requires that the sharing of water must protect the water source and its
dependent ecosystems, and that water sharing plans establish specific rules that protect water for the
environment. There are a range of existing management actions and mechanisms that are in place to protect
environmental requirements in the Macquarie-Castlereagh WRPA. These mechanisms are provided for under
the Water Management Act 2000 and through specific rules within the regulated and unregulated water
sharing plans.

The Water Sharing Plan for the Macquarie Cudgegong Regulated River Water Source 2016 has the following
actions and mechanisms to provide water for the environment:

. Reserve all water above the long term average annual extraction limit for planned environmental water.

- Flow triggers prior to announcement of supplementary water access by users. This protects important
rises in the water level and natural flow variability, preserves a portion of natural tributary flows for river
health and helps maintain wetland and floodplain inundation.

« An environmental water allowance of up to 160 GL/yr in Burrendong Dam to improve environmental
outcomes in the Macquarie Marshes and the Macquarie river between Burrendong Dam and the
Macquarie Marshes. This allowance is made up of both a translucency and active component.

. Atranslucent environmental water allowance of up to 10000 ML/yr is reserved in Windamere Dam
which is released for the environmental benefit of the Cudgegong River once certain triggers are met

. To provide for specified replenishment flows that refill pools or waterholes in effluent systems
downstream of a water source and provide water for stock and domestic purposes.

. The Minister can specify rules relating to the rates of change to releases from water storages to
minimise environmental and geomorphological impacts.

- Adjust available water determinations to ensure compliance with the long term average annual
extraction limit.

. The plan also provides for licensed water to be committed for adaptive environmental water purposes.

The Water Sharing Plan for the Macquarie Bogan Unregulated and Alluvial Water Sources 2012 and the
Water Sharing Plan for the Castlereagh Unregulated and Alluvial Water Sources 2011 have the following
actions and mechanisms to provide water for the environment:

. Reserve all water above the long term average annual extraction limit for planned environmental water.

. Cease to pump rules, commence to pump rules and flow rates/levels provide protection during dry
times. Aquifer access licences that extract groundwater that is highly connected to the unregulated
surface water may also have a cease to pump rule applied.

- Rules for granting and amending water supply works approvals are established for groundwater
sources to provide protection for environmental assets. This provides protection for base flows and key
assets such as groundwater-dependent ecosystems (GDESs). These rules stipulate buffer distances
from which new bores can be placed from specific features such as GDEs, neighbouring bores and
contaminated sites, as well as rules for existing bores.

- Restrictions on trade to protect areas of high ecological value.

. Restrictions on in-river and off-river pools when the volume of that water is less than the full capacity of
the pool.

The 2800 GL scenario modelling (MDBA 2012a) included a water recovery volume in the Macquarie of 84
GL/yr (average long term use). This volume represents a reduction in diversions with 65 GL/y being the
estimated need for in-valley environmental water requirements and 19 GL/y as assumed contribution towards
the northern basin shared component.
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4.3.3. Risk outcomes

The risk matrix used to determine the risk to environmental water for ecological functions and assets due to
licensed surface water extraction and river regulation (in the regulated water source only) is provided in Table
4-10.

Table 4-10. Risk matrix to determine risk outcomes of insufficient water for the environment and capacity to meet

EWRs
Likelihood (of hydrological alternation)

Low Medium High
g Very Low Low Low Low

% § Low Low Low Medium
qg)' % Medium Low Medium High
§ g’; High Low Medium High
= Very High Medium High High

Regulated river water source

Combining the risk consequence and likelihood ratings (Table 4-2 and Table 4-7) for the Macquarie
Cudgegong regulated river results in the overall risk levels to ecological assets and functions as shown in
Table 4-11. Overall, there were high and medium risks across all flow components (i.e. zero flow, base flows,
fresh flows and each ARI).

The flow regime of the Macquarie and Cudgegong Rivers has been substantially altered by the construction of
Burrendong and Windamere Dams, respectively. Downstream of Burrendong Dam there are also five weirs
that regulate the diversion of water within the Lower Macquarie River. Dubbo, Narromine and Gin Gin weirs
are all ponding structures that provide pumping pools for irrigation diversion. Warren Weir controls the
diversion of flow into Gunningbah Creek from which further regulators supply Duck Creek, Crooked Creek and
the Albert Priest Canal. Marebone Weir is located just upstream of the Macquarie Marshes. It supplies water to
Marra Creek on the southern side of the river, and Bulgeraga Creek (via Marebone Break) on the northern
side of the river.

Downstream of Burrendong Dam, the combination of very high values of consequence, along with significant
flow alterations (likelihood), were a contributing factor in influencing the high and medium risk categories
throughout the regulated river. In particular, the regulated Macquarie River between Dubbo and Warren and at
Oxley Station, together with Crooked and Bulgeraga Creeks, had very high consequence coupled with
medium-high likelihood metrics for each of the flow components. The impact of regulation has generally been
a decrease in the frequency and magnitude of larger flow events in the Macquarie River downstream to
Warren and also in Gunningbah, Duck and Crooked Creeks.

Immediately downstream of Windamere Dam the Cudgegong River had high consequence and high flow
alteration resulting in high risk but this mediated somewhat in the downstream reach where medium and low
risks were evident for the medium to high flows respectively as the influence of the dam on higher flows
becomes less pronounced with larger tributary inputs.

Unregulated water sources

Combining the risk consequence and likelihood ratings ( Table 4-8 and Table 4-9) for the Macquarie Bogan
and Castlereagh unregulated water sources results in the overall risk levels to ecological assets and functions
as shown in Table 4-12.

In the upland zone the Fish River has high values due to the presence of several species of threatened frogs
and the Castlereagh River above Binnaway has very high value due to threatened fish.

In the midland zone, Coolbaggie Creek has high values due to the presence of endangered ecological
communities and threatened fish.
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For thee lowland zones, the Upper Bogan, the Lower Bogan River, Bulbodney-Grahway Creek, Backwater-

Boggy Cowel, Ewenmar Creek, Marra Creek, Lower Macquarie River and Marthaguy Creek all have high or
very high values due to the presence of endangered ecological communities and threatened fish; and Lower
Macquarie River also rates very high due to its proximity to Ramsar wetlands

The majority of water sources in the mid to upper Macquarie, with the exception of the Fish River, had low risk
outcomes for higher flows. However many sites were in the medium or high risk category for zero and base
flows. In the lower Macquarie water sources, particularly those associated with effluent streams, high and
medium risks were identified in the higher flow metrics as well as in the low flow metrics.

The Fish River has high risk for zero and fresh flows and smaller overbank flows with medium risk in other flow
categories. The Lower Macquarie River, Mara Creek, Marthaguy Creek also had high to medium risks for most
flows. Both Backwater Boggy Cowal and Ewenmar Creek could not be assessed for lower flows but were of
medium-high risk for all higher flows.

Upper Talbragar River was at high risk during zero flow periods and medium risk during baseflow. Bulbodney
Grahway, Coolbaggie Creeks and Little River had high risk during base flows but low risk for all other flows.
Lower Talbragar River, Macquarie River above Burrendong, Molong Creek, Upper Cudgegong River, Bell
River, Burrendong Dam tributaries, Campbells Creek, Winburndale Rivulet as well as the Castlereagh from
Binnaway to Coonamble had medium-high levels of risk for zero and baseflows.

Goolma Creek, Wambangalong/Whylandra, Nedgera Creek Teridgerie Creek System and Tooraweenah
Gulargambone Tributaries were the unregulated river water sources which did not register a medium or high
risk for any flow category.
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Table 4-11. Risk of insufficient water for the environment and capacity to meet EWRs in the regulated Macquarie and Cudgegong Rivers [E(W)]

Likelihood Overall risk rating - E(W)
S
c High and infrequent High and infrequent
(5} - Base- . - Base- -
- . ero ows ero ows
Regulated river reach g flow or Fresh flow or Fresh
o flow | . flow | o
ow ows ow ows
g periods OB 1.5 periods OB 1.5 OB 2.5 OB 5.0
o Hiowe ARI Hiowe ARI ARI ARI
)
Cudgegong River at Rock
gegong y H H+ H+ H+ H- H- H-
W ater Hole
Cudgegong River at
X M H+ H+ M - M- L- L- L L
Yamble Bridge
Macquarie River
downstream Burrendong M H- H+ H+ H- H- H-
Dam
. . . 0
Macquarie River at Geurie M L H+ H+ H- H- H-
. ’ 0
Macquarie River at Dubbo VH L H+ H+ H- H- M-
Macquarie River at
. VH H- H+ H+ H- H- M -
Narromine
Macquarie River at Gin Gin VH H- H+ H+ H- H- M- ‘
Macquarie River at Warren
. VH H+ H+ H+ M- L- L-
W eir
Macquarie River
0
downstream Marebone M H+ H- H+ L- L- L
Weir
Macquarie River at Oxley
_ VH H- H- H+ L- L- L-
Station
Gunningbah Creek below
H H- H- H- H- H- H-
regulator
Gunningbah Creek
downstream Gunningbah H H- H+ H- H- H- H-
W eir
Duck Creek at Offtake L H- H+ H- H- H- H-
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Crooked Creek at Profile

=3 Consequence

Likelihood
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High and infrequent

Zero flows
flow

periods
ARI

OB 1.5

OB 2.5
ARI

OB 5.0
ARI

Duck Creek upstream
Bogan River junction

Bulgeraga Creek at

Pillicawarrina

VH

H+ H- H+ L-

Key: L = Low; M = Medium; H

= High; N/A = no hydrological data available

+ . . - . 0
increase from near natural condition ; decrease from near-natural condition;

no change from near-natural condition

Overall risk rating - E(W)

High and infrequent
Base- 9 q

flows
flow or

low OB 1.5 OB 2.5 OB 5.0
flows ARI ARI ARI
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Table 4-12. Risk of insufficient water for the environment and capacity to meet EWRs in the unregulated water sources of the Macquarie-

Castlereagh WRPA [E(W)]

Likelihood

High and infrequent

Overall risk rating - E(W)

High and infrequent

Unregulated water source Base-
9 Zero flows flows
flow
flow |
or low
periods OB 1.5 OB 1.5

Backwater-Boggy Cowal M H- H- M- H H M
Bell River L H+ H- L- Le Le Le M M L L L L
Bulbodney-Grahway Creek

H L+ H- L- Le Le Le L H L L L L
system
Burrendong Dam Storage

. . M H+ H- L- Le Le Le H H L L L L

Tributaries
Campbells River M H+ H- L- Le Le Le H H L L L L
Coolbaggie Creek system H Le H- L- L° Le Le L H L L L L
Cooyal Wialdra Creek

L H+ H- H- L- L- L- M M M L L L
System
Ewenmar Creek system H H- H- M- H H M
Fish River H H- M- H- H- M- M- H M H H M M
Goolma Creek L Le Le Le Le Le Le L L L L L L
Lawson's Creek L H+ H- L- Le Le Le M M L L L L
Little River H M+ H- L- L° L° Le M H L L L L
Lower Bogan River H H- H+ M - M- H- M- H H M M H M
Lower Macquarie River VH H- M - M - H- M - M- H H H H H H
Lower Talbragar River M H+ H- L- L° Le L° H H L L L L
Macquarie River above

M H+ H- L- L- L- L- H H L L L L
Burrendong
Marra Creek system M L+ H+ H+ H- H- M - L H H H H M
Marthaguy Creek H M + H+ H+ M - M - L- M H H M M L
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Unregulated water source

Likelihood

Base-
flow
or low

Fresh
flows

Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11l): Part 1

High and infrequent

flows

OB 1.5

Overall risk rating - E(W)

Base-
flow
or low

High and infrequent
flows

OB 1.5

Maryvale-Geurie L L+ H- L- Le Le L° L M L L L L
Molong Creek and
. i L H+ H- M- L- L- L- M M L L L L
tributaries
Piambong Creek L H+ H- L- Le L° Le M M L L L L
Pipeclay Creek L H+ H- L- L- L° L° M M L L L L
Queen Charlottes Vale

M H+ H- L- L- L- Le H H L L L L
Creek/Evans Plains Creek
Summerhill Creek L H+ H- M - L° L° Le M M L L L L
Turon/Crudine M H+ M- L- L° Le L° H M L L L L
Upper Bogan catchment M H+ H- H- M- M - M- H H H M M M
U er Cudgegong River
PP X geg g M H+ H- M- M- M - M- H H M M M M
above Windamere
Upper
Talbragar/Goolaburra- M H+ M - L- L° L° L° H M L L L L
Gundy River
Wambangalong Whylandra

H L+ Le Le Le Le Le L L L L L L
System
Winburndale Rivulet M H+ H- L- L- Le L° H H L L L L
Castlereagh River
_ ) L H+ H- L- Le° L° Le M M L L L L
Binnaway-Gilgandra
Castlereagh River above
. VH Le M - L- Le Le Le M H M M M M
Binnaway
Castlereagh River below

L H+ H- L- L- L- L- M M L L L L
Coonamble
Castlereagh River
i L H+ H- L- L- L- L- M M L L L L
Gilgandra-Coonamble
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Likelihood Overall risk rating - E(W)

High and infrequent Basa- High and infrequent
Unregulated water source l l

ows i@ ows

OB 1.5 OB 2.5 | OB 5.0 oF 1@ OB 1.5 | OB 2.5 | OB 5.0

ARI ARI ARI owe ARI ARI ARI
Nedgera Creek System L L° L° L° L° Le L° L L L L L L
Teridgerie Creek System M L+ L° L° L° Le L° L L L L L L

Tooraweenah
i . L L+ Le Le Le Le L® L L L L L L
Gulargambone Tributaries

Key: L = Low; M = Medium; H = High; ; N/A = no hydrological data available
+ . - . 0 .
increase near-natural condition; decrease near-natural condition; no change from near-natural condition

N/A no risk outcome or modelling available due to lack of data
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4.4. Risks to water available for the environment from extraction
under basic landholder rights [E(BLR)]

All landholders in NSW have rights to access water for some basic purposes. There are three types of basic
landholder rights (BLR) in NSW under the Water Management Act 2000:

- Native title rights: holders of native title with respect to water, as determined under the Commonwealth
Native Title Act 1993, can take and use water for a range of personal, domestic and non-commercial
purposes.

There are currently no native title rights to water in NSW; however, these rights may be activated
during the term of a WSP

. Domestic and stock rights: owners or occupiers of land which has river, estuary or lake frontage can
take water without a licence for domestic (household) purposes or to water stock

. Harvestable rights (dams): harvestable right water allows landholders in most rural areas to collect a
proportion of BLR runoff on their property and store it in one or more farm dams up to a certain size

Note that any volume of water that exceeds the maximum harvestable right dam capacity must be
licensed; any dam which exceeds the maximum harvestable right dam capacity is subject to a works
approval. The requirements of harvestable rights have been inherently considered as the design of
access rules is also based on river flows that result after harvestable rights extractions have occurred
(NOW 2011a).

In both regulated and unregulated water sources, the principles of the WM Act require that water sharing must
protect BLR. Water requirements for BLR are identified in water sharing plans and have been taken into
consideration when designing rules for licensed water extractions (NOW 2011a). Access rules for water
access licences (such as cease to pump rules) do not apply to BLR users and provides them with a higher
level priority of water access. Impacts to the environment due to farm dams are discussed in Section 4.5.1.

In some areas, basic right use is a significant proportion of flow and therefore contributes to hydrological
stress. Increased extraction of surface water under BLR in unregulated water sources may reduce the water
available for the environment, as shown in the impact pathway in Figure 4-7. The likelihood is described by the
ratio of low flow to the estimated BLR within each water source, while the consequence is assessed by
considering the ecological assets and functions that would be impacted.

CAUSE THREAT IMPACT
Growth in extraction under Reduced surface water Change to instream environmental
Unregulated basic landholder rights availability at low flows assets and ecosystem functions
rivers Likelihood: Ratio of 80" percentile T Consequence: HEVAE score + decision
flow and extraction under basic tree
landholder rights

Figure 4-7. Impact pathway showing risk of growth in BLR reducing water available for the environment

This risk is not applicable in regulated systems where the system is managed in such a way to maintain supply
of BLR water requirements. Sufficient reserves of water are set aside and held in storage to ensure supply of
domestic and stock rights and native title rights.

4.4.1. Determining the likelihood rating

The likelihood of growth in BLR causing a reduction in water available for the environment is described by the
ratio of the following two metrics:

. Daily 80" percentile flow (of full development of unregulated entitlement)

. Daily BLR extraction.
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This ratio was calculated for each water source and is based on the rationale that where the 80" percentile
flow is high and the daily BLR take is low, then the likelihood is low. Alternatively, where the 80™ percentile
flow is low when compared to the daily extraction of BLR, the likelihood is high. If the 80" percentile flow is
zero (i.e. an intermittent stream), then a high likelihood is also assigned.

The 80™ percentile flows were calculated from recorded flows in each water source and were those used for
the macro-planning process. The 80th percentile was selected as it is generally considered to represent the
low flow portion.

The BLR volume was estimated using the same method developed for the macro planning process. This
method calculated the annual stock use based on potential grazing areas within a water source (including
unimproved and improved irrigated grazing land) and stock water allowances. Rural domestic use was also
estimated using data from the Australian Bureau of Statistics population and housing census data and
assumed domestic water consumption for rural lots.

Likelihood category definitions are defined by the ratios identified in Table 4-13. The likelihood results for water
sources in the unregulated Macquarie-Castlereagh system are shown in Table 4-14.

Table 4-13. Likelihood metrics for risk of growth in BLR in unregulated water sources

Likelihood metric i Metric category definition
category
Low Daily 80th percentile: daily BLR extraction >2
i.e. extraction is less than 50% of the 80th percentile flow
Ratio of daily 80th percentile | \1oqium Daily 80th percentile: daily BLR extraction between 1.01 - 2
flow to estimated daily BLR i.e. extraction is 50% - 99% of the 80th percentile flow

extraction . . . .
Daily 80th percentile: daily BLR extraction <1

High i.e. extraction is equal to 100% or more of 80th percentile flow
Intermittent streams (80th percentile flow is zero)

Table 4-14. Likelihood results for risk of growth in BLR for unregulated water sources in the Macquarie-
Castlereagh WRPA

Unregulated water source Likelihood rating

Backwater-Boggy Cowal N/A
Bell River Low
Bulbodney-Grahway Creek system High
Burrendong Dam Storage Tributaries High
Campbells River Low
Coolbaggie Creek system High
Cooyal Wialdra Creek System High
Ewenmar Creek system N/A
Fish River Low
Goolma Creek High
Lawson's Creek High
Little River High
Lower Bogan River N/A
Lower Macquarie River N/A
Lower Talbragar River High
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Unregulated water source Likelihood rating

Macquarie River above Burrendong Low
Marra Creek system N/A
Marthaguy Creek High
Maryvale-Geurie High
Molong Creek and tributaries Low
Piambong Creek High
Pipeclay Creek High
Queen Charlottes Vale Creek/Evans Plains Low
Creek

Summerhill Creek Low
Turon/Crudine Low
Upper Bogan catchment High
Upper Cudgegong River above Windamere Low
Upper Talbragar/Goolaburra-Gundy River Low
Wambangalong Whylandra System High
Winburndale Rivulet Low
Castlereagh River Binnaway Gilgandra High
Castlereagh River above Binnaway Low
Castlereagh River Gilgandra-Coonamble N/A
Tooraweenah Gulargambone Tributaries High
Teridgerie Creek System N/A
Nedgera Creek System N/A
Castlereagh River below Coonamble High

N/A = Risk could not be calculated because hydrological data was
unavailable or unsuitable for this analysis

4.4.2. Existing water management actions and mechanisms

Under the Water Management Act 2000, BLR are made up of domestic and stock rights, harvestable rights
and native title rights. Water sharing plans recognise basic landholder rights in their respective water sources.
Water may be extracted under these rights without the need for a water access licence, although in the case of
accessing groundwater under a domestic and stock right, the bore must still be approved by the Department.
The water sharing plan cannot limit or restrict these rights, but the Act itself provides for restrictions on BLR
through the development of mandatory guidelines. Additionally, during periods of water shortage, domestic
and stock users may be required, by Ministerial Order, to restrict usage to essential purposes.

The proliferation of new domestic and stock rights through the subdivision of land will be managed through a
further regulation to the Water Management Act 2000. This regulation, made under section 52(2) of the Act,
will limit the growth in basic landholder rights when a landholding is subdivided. Effectively this will mean that
the reasonable use for the pre-subdivision landholding will be ‘frozen’ and the vendor will have to apportion
this reasonable use limit between the proposed lots in the subdivision. Although still in development, it is
intended that such limitations will be applied only to rivers and aquifers that could be subject to high hydrologic
stress or high in-stream risk.

Additionally, the water supply system is managed to ensure sufficient water is set aside to supply basic
landholder rights while maintaining compliance with the long term average annual extraction limit (LTAAEL). If
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extractions are determined to be exceeding the LTAAEL, water use will be reduced until compliance with the
LTAAEL occurs. This provides for the protection of planned environmental water above the extraction limit.

4.4.3.

The risk matrix used to determine the risk of BLR extraction impacting the availability of water to the
environment in the unregulated water sources in the Macquarie-Castlereagh WRPA is provided in Table 4-15.

Risk outcomes

Table 4-15. Risk matrix to determine risk outcomes of increased BLR extraction impacting on water available for

the environment
Likelihood (low flow against BLR extraction)

Low Medium High
?_5 Very Low Low Low Low
w O
g i Low Low Low Medium
(&]
qg; = Medium Low Medium High
(] >
S~ 8 High Low Medium High
o 2
= Very High Medium High High

Combining the risk consequence and likelihood ratings (Table 4-2 and Table 4-14) for the Macquarie Bogan
and Castlereagh unregulated water sources results in the overall risk levels to ecological assets and functions
as shown in Error! Reference source not found.. Overall, eight water sources had a high risk, ten water
sources had a medium risk, and eleven water sources had a low risk due to extraction by BLR. Eight water
sources had insufficient data to calculate a likelihood score therefore a risk score could not be calculated.

Table 4-16. Risk of increased BLR extraction impacting on water available for the environment in the unregulated
water sources of the Macquarie-Castlereagh WRPA [E(BLR)]

Risk factor/source Consequence @ Likelihood EE/Be[?J; R LT =
Backwater-Boggy Cowal Medium N/A N/A
Bell River Low Low Low
Bulbodney-Grahway Creek system High High High
Burrendong Dam Storage Tributaries Medium High High
Campbells River Medium Low Low
Coolbaggie Creek system High High High
Cooyal Wialdra Creek System Low High Medium
Ewenmar Creek system High N/A N/A
Fish River High Low Low
Goolma Creek Low High Medium
Lawson's Creek Low High Medium
Little River High High High
Lower Bogan River High N/A N/A
Lower Macquarie River Very High N/A N/A
Lower Talbragar River Medium High High
Macquarie River above Burrendong Medium Low Low
Marra Creek system Very High N/A N/A
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Overall risk rating -

Risk factor/source Consequence @ Likelihood E(BLR)
Marthaguy Creek High High High
Maryvale-Geurie Low High Medium
Molong Creek & Tributaries Low Low Low
Piambong Creek Low High Medium
Pipeclay Creek Low High Medium
gjeeeekn Charlottes Vale Creek/Evans Plains Medium Low Low
Summerhill Creek Low Low Low
Turon/Crudine Medium Low Low
Upper Bogan catchment Medium High High
Upper Cudgegong River above Windamere Medium Low Low
Upper Talbragar/Goolaburra-Gundy River Medium Low Low
Wambangalong Whylandra System High High High
Winburndale Rivulet Medium Low Low
Castlereagh River Binnaway-Gilgandra Low High Medium
Castlereagh River above Binnaway Very High Low Medium
Castlereagh River below Coonamble Low N/A N/A
Castlereagh River Gilgandra-Coonamble Low High Medium
Nedgera Creek System Low N/A N/A
Teridgerie Creek System Medium N/A N/A
Tooraweenah Gulargambone Tributaries Low High Medium
Key: L = Low; M = Medium; H = High

* N/A Risk could not be calculated because hydrological data was unavailable or unsuitable for this analysis.

4.5. Risk to water available for the environment from interception
activities [E(I-FD), E(I-PF)]

Interception activities can impact on environmental assets and ecosystem functions by altering the hydrology

of a system.

The National Water Commission (NWC) defined interception as occurring when flows of surface water or
groundwater are stopped, reduced or redirected (SKM et al. 2010). This definition excludes precipitation and
focuses solely on changes to runoff and recharge. This is further expanded by NWC to imply that interception
activities, for the purpose of water management, are human-induced activities that intercept significant
volumes of water and therefore decrease the amount of water reaching surface water and groundwater
bodies.

Chapter 10 Part 5 of the Basin Plan identifies the following interception activities which may have the potential
to impact on the water resources of a WRPA:

- Interception by runoff dams
- Interception by commercial plantations
- Interception by mining activities, including coal seam gas mining

- Interception by floodplain harvesting.
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The impact pathways shown in Figure 4-8 demonstrate that the threat of flow alteration driven by the
interception activities identified in the Basin Plan can impact on water available for the environment. The key
threat is the interception of water that would otherwise reach a water course, thereby reducing the water
available for the environment.

CAUSE THREAT IMPACT

Interception activities (farm

dams, plantation forestry) assets and ecosystem functions

Change to instream environmental J

Regulated
river Likelihood: Alteration to flood frequency

and flood volume to the Gwydir Reduced runoff into surface
Wetlands (MDBSY D,,j4-Cnia) RIS SOUTEES

Consequence: Ability to meet
environmental flow objectives

Unregulated dams, plantation forestry) assets and ecosystem functions
rivers

Interception activities (farm Change to instream environmental J

Consequence: HEVAE score + decision

Likelihood: Deviation in flow indices
tree

(from near natural condition)

Figure 4-8. Impact pathway showing impact of interception activities on ecological functions and assets

For the purpose of risk due to interception in the risk assessment, NSW utilised results published in the CSIRO
Murray—Darling Basin Sustainable Yields (MDBSY) project (CSIRO 2008a; CSIRO 2008b) and model outputs
that contributed to the MDBSY project. Comparative results were also produced by NSW. Details on the
methodology used for determining likelihood ratings and consequence scores for risk due to interception are
detailed in the section below.

45.1. Farm dams (runoff dams) [E(I-FD)]

For the purpose of this risk assessment, runoff dams refer to private dams that intercept catchment runoff
which would otherwise have contributed to stream flow. The impacts of runoff dams are considered to have
implications primarily for surface flow; any potential impact on recharge to aquifers is considered to be minor.
Interception by runoff dams is considered only in surface water risk assessments.

While the impact of an individual dam is generally relatively small, the cumulative impact of runoff dams on
stream flows can be significant. The larger the total volume of runoff dams in a catchment, the greater the
potential impact. The magnitude of demand is also important as higher rates of extraction result in reduced
volumes of stored water, which in turn increases the potential for dams to intercept runoff. The seasonal
pattern of demand has a direct impact on the likelihood of drawdown at different times of the year, with
implications for environmental flows and security of supply. The impacts of runoff dams also are heavily
dependent on the seasonal distribution of flows, the nature of antecedent conditions, consumption patterns,
and the distribution of rainfall. Caution is needed when inferring impacts from dam size and average stream
flows based on hillside dams.

Under the NSW Water Management Act 2000, harvestable rights are a type of basic landholder right and allow
landholders to capture rainwater runoff on their property. The harvestable right is intended to satisfy essential
farm needs such as stock and household water, but can be used for any purpose, including commercial
irrigation. The maximum harvestable right dam capacity (MHRDC) is the total dam capacity allowed under the
harvestable right and takes into account rainfall and variations in rainfall pattern.

For any dam with a capacity larger than the MHRDC, the volume of water that exceeds the MHRDC must be
licensed, unless the water is taken under a domestic and stock right or native title right. A water supply water
approval is also required for a dam which exceeds the MHRDC. Farm dams also require a licence only if they
are located on a 3rd order (or greater) river, irrespective of the dam capacity or purpose, or if they are on a
permanent (spring feed) 1st and 2nd order stream. The provisions relating to harvestable rights are unaffected
by any of the rules identified in a water sharing plan. The volume of licensed farm dams has been considered
in determining hydrologic stress and access (NOW 2011a).
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45.1.1. Assigning a consequence rating
Regulated river water source

Geoscience Australia mapped farm dams in the MDB in 2006 (CSIRO 2008a). Satellite imagery analysis was
used to detect which farm dams mapped using 2004/5 imagery also existed in 1994, which is an indicator
growth trends over a ten year period.

The CSIRO MDBSY project (CSIRO 2008a; CSIRO 2008b) considered the impacts of climate change,
increases in farm dams and plantation forests and changes in groundwater use on water resources across the
MDB. In the MDBSY project, farm dams refer only to dams with their own water supply catchment and do not
include those dams that store diverted (and licensed) water, as these are already included within existing river
system models. A 2030 farm dam development scenario was developed by considering current distribution
and storage volume, and policy controls and trends in farm dam expansion. The NSW maximum harvestable
right volume was also considered.

In assigning a conseqguence level to farm dams and plantations, the approach undertaken by the NSW Office
of Water (NOW 2010) for the Assessment of risk to NSW Murray—Darling Basin shared water resources was
applied in this current risk assessment. The approach used in NOW (2010) adopted indicators that were based
on information readily available in the MDBSY reports (CSIRO 2008a; CSIRO 2008hb).

The MDBSY project engaged technical experts that examined assets and environmental water requirements
and flow objectives required for the assets. Changes caused by the activity (including farm dams, plantation
forestry and climate change) where classified according to whether they are considered critical or non-critical.

The criteria used were:

. Critical — ecosystem values associated with other flow objectives will not be maintained if this objective
is not met; or

. Non-critical — ecosystem values associated with other flow objectives will be maintained, even if this
flow objective is not met.

The MDBSY Project assessed two Ramsar sites in the Macquarie-Castlereagh River system: the Macquarie
Marshes, and Wilgara Wetland. The Macquarie Marshes are the most northern river red gum forests in the
MDB and support high value inland reed swamp and open floodplain wetland areas that are important for
waterbird breeding (CSIRO 2008a). The MDBSY Project used four characteristics of flows exceeding 200 GL
at Oxley gauge during the period June to November to describe beneficial events for waterbird breeding in the
Macquarie Marshes. The Wilgara Wetland is on the Gum Cowal/Terrigal system in the eastern portion of the
Macquarie Marshes. Sustained bird breeding events at Wilgara Wetland occur when the wetland is inundated
in 5 of every 10 years, during the winter-spring period (Biosis Research 2006).

A summary of the environmental indicators reported for the Macquarie Marshes and Wilgara Wetland are
presented in Table 4-17.

Table 4-17. Environmental flow indicators developed in the MDBSY Project for the Macquarie Marshes and
Wilgara Wetland Wetlands (CSIRO 2008a)

Environmental flow indicator

Average period between flows exceeding 200 GL between June and November at Oxley gauge

Maximum period (years) between flows exceeding 200 GL between June and November at Oxley gauge

Average annual volume above 200 GL between June and November at Oxley gauge

Average event volume above 200 GL between June and November at Oxley gauge

Average period between flows exceeding 80 GL over four months between June and November at
Marebone

Maximum period (years) flows exceeding 80 GL over four months between June and November at
Marebone
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Average annual volume above 200 GL between flows exceeding 80 GL over four months between June and
November at Marebone

Average event volume 80 GL over four months between June and November at Marebone
Reference: (CSIRO 2008a)

A consequence score was determined by assessing the ability to meet the defined environmental flow
objectives under the base case of historical climate and 2004/5 water sharing arrangements and development
levels (Scenario AO) (see Table 4-20).

The consequence of meeting all objectives was then classified based on level of objectives being met for the
Macquarie Marshes and Wilgara Wetland (SKM 2008). The consequence score for this asset is negligible
(Table 4-18).

Table 4-18. Consequence results for environmental assets (Macquarie marshes and Wilgara Wetland) in the
Macquarie Cudgegong regulated water source in the Macquarie-Castlereagh WRPA

Environmental asset Consequence

Macquarie Marshes Negligible

Wilgara Wetlands Negligible
Reference: (CSIRO 2008a)

Unregulated water sources

The MDBSY project did not consider environmental assets in the Macquarie Bogan and Castlereagh
unregulated water sources.

Consequence scores for the unregulated water sources were determined using the HEVAE in-stream value
(Section 4.2) at the reach intersecting the site where likelihood was determined (Table 4-19).

Table 4-19. Consequence results for environmental assets in the unregulated water sources in the Macquarie-
Castlereagh WRPA

Consequence rating

Gauging station (HEVAE consequence
score)

Belar Creek @ Warkton (Blackburns) Low
Castlereagh River @ Mendooran Medium
Wallumburrawang Creek @ Bearbung Low
Butheroo Creek @ Neilrex Low
Castlereagh River @ Hidden Valley Medium
Bell River @ Newrea Medium
Turon River @ Sofala Medium
Bogan River @ Neurie Plains Medium
Talbragar River @ Elong Elong Medium
Little River @ Obley No.2 Low
Bell River @ Molong Medium
Coolbaggie Creek @ Rawsonville Low
Coolaburragundy River @ Coolah Low
Green Valley Creek @ Hill End Low
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Spicers Creek @ Saxa Crossing Low
Bogan River @ Peak Hill No.2 Low
Campbells River u/s Ben Chifley Dam Low
Brisbane Valley Creek @ Stromlo Low

Reference: (Healey et al. 2018).

45.1.2.

Determining the likelihood rating

Regulated river water source

For the purpose of determining the likelihood of farm dams intercepting runoff which would otherwise have
contributed to stream flow, likelihood was calculated by the difference between two MDBSY scenarios (Diq -
Cmia) (Table 4-20). The farm dam component of this impact was estimated at 50 % of the total (NOW 2010).

Likelihood metrics were adopted from SKM (2008), which developed guidelines for assessing risks to shared

water resources in the Murray—Darling Basin (Table 4-21), however it is important to note that the SKM report
used a different definition of likelihood compared to how it has been defined in the rest of this risk assessment
(Section 2.2).

The SKM report defined likelihood as the chance of a specified event occurring under different climate
scenarios, with events being the specific flow indicators identified for a WRPA. Specified flow indicators for the
Macquarie-Castlereagh WRPA, based on flow thresholds at the Oxley and Marebone gauges, are described in
Table 4-17. Likelihoods are therefore the chance that a given flow indicator would be reported under a given
climate scenario. For example, if there was a 1 % chance that maximum period in years between flows
exceeding 200 GL between June and November at Oxley gauge would be recorded in a given climate
scenario, the likelihood would be classed as “rare” (Table 4-21).

Table 4-20. MDBSY Project Scenarios

MDBSY scenario ‘ Description

Modelling period standardised to 1/7/1895-30/6/2006 . .
P . Estimate of natural flow regime
and all water regulation and usage removed
A Historical climate and current development When compar_ed to AO risk from current groundwater
usage determined
AO Historical climate and 2004/5 water sharing Baseline for comparison with projected climate
arrangements and development levels change and development scenarios
B Same as A0 with future climate based on recent
decade’s climate
c 2nd driest of 45 estimates of future climate, and 2004/5 | When compared to AO climate change risk
dry levels of development determined
c Median of 45 estimates of future climate, and 2004/5 When compared to AO climate change risk
mid | Jevels of development determined
c 2nd wettest of 45 estimates of future climate, and When compared to AO climate change risk
wet | 2004/5 levels of development determined
When compared to Cq, development risk (farm dams
b Cary With projected 2030 levels of groundwater usage, | and plantations) determined
dry and increases in farm dams and plantation forestry When compared to A0 cumulative risk (climate
change + development) determined
When compared to C,q development risk (farm dams
D . | Cmia with projected 2030 levels of groundwater usage, and plantations) determined
mid and increases in farm dams and plantation forestry When compared to A0 cumulative risk (climate
change + development) determined
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MDBSY scenario Description

When compared to C,q development risk (farm dams
Cuwet With projected 2030 levels of groundwater usage, | and plantations) determined
and increases in farm dams and plantation forestry When compared to A0 cumulative risk (climate
change + development) determined

Dwet

Table 4-21. Likelihood metrics selected for modelled scenarios in the Macquarie Bogan and Castlereagh
Regulated River Water Sources in the Macquarie-Castlereagh WRPA

Likelihood metric Metric category Probability (%)
Rare May occur only in exceptional circumstances <1

Unlikely Could occur at some time 1-33

Possible Might occur at some time 33-66

Likely Would occur at some time 66-99

Almost Certain Expected to occur in most circumstances >99

Reference: (SKM 2008)

As stated, the likelihood rating was based on the differences between the MDBSY Dy,s— Cnig SCeNario. The
likelihood rating for the Macquarie Marshes and Wilgara Wetland from interception by farm dams was
assessed as possible (Table 4-22).

Table 4-22. Likelihood results for modelled scenarios in the Macquarie Cudgegong regulated river

Environmental asset Likelihood

Macquarie Marshes Possible

Wilgara Wetland Possible

Reference: (NOW 2010, p.201)

Unregulated water sources

The MDBSY Project did not assess unregulated rivers; therefore the SKM (2011) assessment of the
hydrological impacts of farm dams in the MDB was used to describe likelihood. This study assessed the
impact of existing farms dams at a detailed regional scale and fits into the hydrology theme of the Sustainable
Rivers Audit 2 (SRA2) (Davies et al. 2012). The assessment undertook a sensitivity analysis on the results of
the SRA hydrology metrics to identify those most sensitive to farm dams. Sixteen flow stress indices were
calculated across 162 study catchments using catchments and flow gauges that met a set of criteria, including
a record of at least 15 years of gauged streamflow data. In this work, the reference regime assumes no direct
human influence on water management (that is, with no storages or diversions in place. The current regime
represents actual licensed current demands as per NSW’s hydrological model at the time of the project.

The median score of every index exceeded 0.9, indicating only a small departure from reference condition,
and the overall small impact due to farm dams.

The three indices which showed moderate to high sensitivity to farm dams (SKM 2011) were:

. The low flow (LF) index had the greatest sensitivity to farm dams, consistent with other studies that
note that farm dams tend to take a greater proportion of available flow during low flow periods
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. The annual variation index (CV) (the ratio of coefficient of variation of flow in reference and current
regime) was moderately affected by farm dams, possibly because flow variability was increased as low
flows are made lower by farm dams

. The high flow (HF) index was moderately affected, possibly because farm dams can delay the onset of
high flows at the start of winter in highly developed catchments.

These indices were selected as the metrics to describe the likelihood in unregulated water sources in the
Macquarie-Castlereagh WRPA.

Likelihood category definitions are defined by the extent of deviation from the near-natural condition (Table
4-23). Likelihood results are provided in Table 4-24 for eighteen flow gauges used in the hydrological
assessment that are within the Macquarie-Castlereagh WRPA. Maps showing results of indices and metrics
used to assess the likelihood of farm dams intercepting surface flows in unregulated water sources in the
Macquarie-Castlereagh WRPA are provided in Appendix E.

Table 4-23. Likelihood metrics for risk to water available for the environment in unregulated water sources due to
interception

Likelihood metric Metric category Metric category definition
. Low 0.66-1.33

Departure of current regime

from reference (near-natural) Medium 0.33-0.66 or 1.33-1.66

regime High 0-0.33 or 1.66-2.0

Reference: (NOW 2010)

Table 4-24. Likelihood results for risk to water for the environment in unregulated water sources in the
Macquarie-Castlereagh WRPA due to interception activities

Likelihood

Gauging station

cV LF Qoo

o Crek @ Waron
Castlereagh River @ Mendooran Low Low Low
\é\glrlgr::rk]);rrawang Creek @ Low Low Low
Butheroo Creek @ Neilrex Low Low Low
Castlereagh River @ Hidden Valley | Low Medium | Low
Bell River @ Newrea Low Low Low
Turon River @ Sofala Low Low Low
Bogan River @ Neurie Plains Low Low Low
Talbragar River @ Elong Elong Low Low Low
Little River @ Obley No.2 Low Low Low
Bell River @ Molong Low Low Low
Coolbaggie Creek @ Rawsonville Low Low Low
Coolaburragundy River @ Coolah Low Low Low
Green Valley Creek @ Hill End Low Low Low
Spicers Creek @ Saxa Crossing Low Low Low
Bogan River @ Peak Hill No.2 Low Low Low
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Likelihood
Gauging station
CVv LF Qgo HF Q1o
Campbells River u/s Ben Chifley Low Low Low
Dam
Brisbane Valley Creek @ Stromlo Low Low Low
45.1.3. Existing water management actions and mechanisms

The current harvestable rights provisions for farm dams became official policy in 1999 prior to being included
in the WMA in 2000 as a component of basic landholder rights (BLR). The harvestable rights provisions allows
a Maximum harvestable right dam capacity on each property and is the total dam capacity allowed for your
property and takes into account rainfall and variations in rainfall pattern. Also see Section 4.4.2.

45.1.4. Risk outcomes

Regulated river water source

The basin-wide growth in numbers of farm dams was estimated at about 0.5-0.6 % per year, with growth rates
at the time higher in the north than the south (MDBA 2008). The volumetric growth rate was lower than the
numerical growth rate as the newer dams are smaller on average than the dams constructed pre-1994. As the
Harvestable Rights Policy commenced in 1999, it is likely the volumetric growth rate in the period 1994 to 1999
was higher than the period 2000 to 2004.

In 2008 the volume of in-stream farm dams in the Macquarie-Castlereagh WRPA was estimated at 242 GL
(NOW 2010). The MDBSY Project estimated growth rate of 0.6 % for the entire Basin was applied to the 2008
Macquarie-Castlereagh WRPA estimated volume, yielding a predicted increase of 38 GL. This equates to a
reduction of inflows of 0.9-1.5 % to streams as a result of farm dam interception, depending on the climatic
scenario adopted (NOW 2010).

As mentioned in Section 4.5.1.2, SKM (2008) used different definitions of likelihood and consequence
compared to the rest of this report, hence the SKM risk matrix has also been used for this section (Table 15-1
in SKM 2008). The SKM matrix has been modified by merging high and very high risks into a single ‘high’
category. This was done to maintain consistency with the risk mitigation strategies in the rest of this report.
The adapted risk matrix is provided in Table 4-25.

Table 4-25. Matrix used to determine risk outcomes of insufficient water available for the environment from
potential interception activities in Macquarie —Castlereagh WRPA, adapted from CSIRO (2008)

Likelihood of insufficient water availability

Rare Unlikely Possible Likely Almost Certain
g Negligible Low Low Low Medium Medium
g g Minor Low Low Medium Medium High
q% i= Moderate Low Medium Medium High High
§ i% Major Medium Medium High High High
9% Severe Medium High High High High

Combining the risk consequence and likelihood rating (Table 4-18 and Table 4-22) results in a low overall risk
level to ecological assets and functions at the Macquarie Marshes and Wilgara Wetlands (Table 4-26). The
development of farm dams is unlikely to have additional impact on the hydrology of the Macquarie.

Table 4-26. Risks of insufficient water available for the environment in the Macquarie Marshes and Wilgara
Wetland as a result of growth in interception by farm dams [E(I-FD)]
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Environmental asset Consequence Likelihood Risk level - E(I-FD)
Macquarie Marshes Negligible Possible Low
Wilgara Wetland Negligible Possible Low

Reference: (NOW 2010)

Unregulated water sources

The risk matrix used to determine the risk rating of flow alteration from an increase in farm dams intercepting
runoff and impacting the availability of water for the environment in the Macquarie, Bogan and Castlereagh
unregulated water sources is provided in Table 4-27.

Table 4-27. Matrix used to determine risk outcomes of insufficient water available for the environment from
potential interception activities in unregulated water sources in the Macquarie-Castlereagh WRPA

Likelihood - current farm dam development

Low Medium High
Departure from reference: Departure from reference: Departure from reference:
0.66-1.33 0.33-0.66 or 1.33-1.66 0-0.33 or 1.66-2.0
Very Low Low Low Low
()
e —~ HE Low Low Medium
2<
>
= ﬁ Medium Low Medium High
T
§ = High Low Medium High
Very High Medium High High

Combining the risk consequence and likelihood ratings (Table 4-19 and Table 4-24) results in a low risk level
to ecological assets and functions from interception due to farm dams for all but one site in the Macquarie-
Castlereagh WRPA (Table 4-28). Castlereagh River at Hidden Valley has a medium risk at the LF Qg level.

Table 4-28. Risks of insufficient water available for the environment in unregulated water sources in the
Macquarie-Castlereagh WRPA as a result of growth in interception by farm dams [E(I-FD)]

Likelihood ‘ Risk level - E(I-FD)
Gauging station Eonsequence

CVv LF Qgo HF Q1o ‘ CVv LF Qgo

Belar Creek @ Warkton Low Low Low Low Low Low Low
(Blackburns)

Castlereagh River @ Medium Low Low Low Low Low Low
Mendooran

Wallumburrawang Creek @ Low Low Low Low Low Low Low
Bearbung

Butheroo Creek @ Neilrex Low Low Low Low Low Low Low
Castlereagh River @ Hidden Medium Low Medium Low Low Medium Low
Valley

Bell River @ Newrea Medium Low Low Low Low Low Low
Turon River @ Sofala Medium Low Low Low Low Low Low
Bogan River @ Neurie Plains Medium Low Low Low Low Low Low
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Talbragar River @ Elong Medium Low Low Low Low Low Low
Elong

Little River @ Obley No.2 Low Low Low Low Low Low Low
Bell River @ Molong Medium Low Low Low Low Low Low
Coolbaggle Creek @ Low Low Low Low Low Low Low
Rawsonville

Coolaburragundy River @ Low Low Low Low Low Low Low
Coolah

Green Valley Creek @ Hill End | Low Low Low Low Low Low Low
Splcefs Creek @ Saxa Low Low Low Low Low Low Low
Crossing

Bogan River @ Peak Hill No.2 | Low Low Low Low Low Low Low
Ca_mpbells River u/s Ben Low Low Low Low Low Low Low
Chifley Dam

Brisbane Valley Creek @ Low Low Low Low Low Low Low
Stromlo

CV = variation index annual; HF Q1o = high flow index; LF Qg = low flow index

* HEVAE in-stream value at the same location

45.2. Commercial plantations

Plantation forestry is an increasingly important land use in Australia (ABS 2010). Although plantation forestry
can contribute both commercial and environmental benefits, land use change to plantations can have an
impact on catchment hydrology (SMEC 2010).

In the long-term, water yield from a catchment, including streamflow and groundwater recharge, is the
difference between rainfall and evapotranspiration, assuming no net change in soil water storage in the
catchment. Consequently, any change in evapotranspiration will translate directly to a change in catchment
yield. For example, if a large number of trees are removed from a catchment, total evapotranspiration will be
reduced and this may cause the water table to rise, leading to increased water yield. Conversely large
plantations will increase evapotranspiration and therefore reduce water yield (SMEC 2010).

Afforestation is defined as the large-scale planting of trees for timber production, carbon offsetting, land
conservation or other environmental purposes.

For this assessment only commercial plantations have been considered as there is no reliable regional or
national data available on other types of tree plantings.

The planting of trees for timber production can be broadly classified as:

. Softwood forest plantations — stands of softwood trees for commercial production using various species
of pines (including Radiata pine). Rotation lengths are typically 25-35 years; and

. Hardwood forestry plantations — stands of hardwood trees for commercial production typically on a
short rotation (i.e. 10-15 years). The species used varies across the MDB.

As part of the MDBSY Project (CSIRO 2008a), a 2030 scenario for commercial forestry plantations for the
MDB was developed using regional projections from the Bureau of Rural Sciences which takes into account
trends, policies and industry feedbacks. The increase in commercial forestry plantations is distributed to areas
adjacent to existing plantations (which are not natural forest land use) to project likely growth.

The Bureau of Rural Sciences projected negligible growth in commercial forestry plantations in the Macquarie
region. Therefore no growth in plantation forestry was included in the modelling completed for the MDBSY
Project in the Macquarie (CSIRO 2008a).
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Where there is no projected growth in commercial plantations there is no pathway for additional future impact
and therefore this risk has not been assessed.

45.2.1. Existing water management actions and mechanisms

The NSW regulatory approach including compliance to plantation forests is described in DWE (2008).
Compliance with the NSW Plantations and Reafforestation Act 1999 (PRA) is considered to be high as it
provides a basis for legal harvesting. The PRA and regulations exclude the consideration of water impacts
from the assessment process. However scope for amending the PRA will be considered as part of NSW
response to its interception obligations under the NWI and COAG Water Reform agenda.

45.3. Mining

Mining activities in NSW must go through stringent assessment and approval processes. Any new mining
project, or the expansion of an existing mining project, requires approval under the NSW Environmental
Planning and Assessment Act 1979, and, depending on their location and the value of capital investment, may
require approval from the Minister for Planning. Coal seam gas (CSG) exploration and commercialisation must
be consistent with the CSG regulations and exclusion zones that apply in NSW.

Mining activities in the Macquarie-Castlereagh catchment currently comprise of less than one percent of the
total catchment area (ABARES 2017). There are currently two coal mines operating in the Macquarie
Castlereagh WRPA and seven mines for other metals and minerals (Australian Mining 2015).

All take for mining operations, including water required for operations and processing and intercepted water,
must be accounted for by appropriate NSW water access licences acquired within the affected surface or
groundwater source. This includes any direct or indirect take from surface waters. Risks associated with all
licensed take of surface waters are addressed in Section 4.3.3, thus risk associated with surface water
licenses for the purpose of mining will not be addressed individually.

No commercial coal seam gas extraction is currently occurring in the Macquarie-Castlereagh WRPA (DTIDRE
2016). As there is no pathway for this impact to occur at present, it has not been assessed in this risk
assessment.

4.5.3.1. Existing water management actions and mechanisms

The NSW Aquifer Interference Policy (Al Policy) details the water licensing and impact assessment processes
for aquifer interference activities under the Water Management Act 2000 and other relevant legislation. The
assessment criteria are called 'minimal impact considerations' and include impacts on surface water systems,
connected alluvial aquifers, various groundwater impacts and water-dependent assets. Thresholds are set in
the Policy so that the impacts of both an individual activity and the cumulative impacts of a number of activities
within each water source can be considered.

4.5.4. Floodplain harvesting

Floodplain harvesting is identified in the Basin Plan as a potential interception activity. In NSW, the Floodplain
Harvesting Policy and Healthy Floodplains Projects are converting this form of take into a licensable right. This
form of take will be managed under the Floodplain licencing framework. As such, floodplain harvesting is not
considered an ‘interception activity’ for NSW.

4.6. Risk to water available for the environment due to climate
change [E(CC)]

There has been a sustained and statistically unambiguous increase in mean temperatures across the MDB.
Increases in mean annual temperature tend to be slightly greater (more than 0.2°C per decade) in the northern
parts of the Basin and lower (less than 0.1°C per decade) in the southeast. There is also some evidence that
warming is greater at higher elevation than at lower elevation (Van Dijk et al. 2006).

The impacts of climate change by 2030 are uncertain; however, surface water availability across the entire
Basin is more likely to decline than increase (Van Dijk et al. 2006)
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Change in climate across the Basin is likely to result in:
. Greater annual variability in rainfall and the intensity of rainfall events
. Change in regional and seasonal rainfall patterns
« Changes to the flow regime
. Change in water security
. Altered water quality and the health of rivers, environmental assets and ecosystem functions over time
. Potential increases in evaporation.

The impact pathway is shown in Figure 4-9 and demonstrates how change in climate can alter patterns and
volumes of surface runoff impacting water available for the environment in the Macquarie-Castlereagh WRPA.

The likelihood is described as the change in frequency of flow indicators at the Oxley gauge, while the
consequence is assessed as the loss of annual water diversions for environmental entitlements.

CAUSE THREAT IMPACT
Change in runoff and rainfall Reduced surface water Change to instream environmental
Regulated from climate change availability (regulated rivers) assets and ecosystem functions
river Likelihood: MDBSY modelling (wet, | consequence: Ability to meet environmental
median, dry future climate scenarios) flow objectives

Figure 4-9. Impact pathway showing how change in climate can impact on the availability of water for the
environment

4.6.1. Assigning a consequence rating
Regulated river water source

The MDBSY Project (CSIRO 2008a; CSIRO 2008b) considered the impacts of climate change on water
resources across the Murray—Darling Basin. A range of likely climate conditions at the year 2030 was
assessed by analysing three global warming scenarios in 15 global climate models (GCM) to provide a
spectrum of 45 climate variants. The method also took into account overall changes in total runoff for dry,
median and wet climate change scenarios (scenario type C), these were compared to scenario A0 (Table
4-20) (NOW 2010).

As noted in Section 4.5.1.1, the environmental assets assessed in the MDBSY Project were the Macquarie
Marshes and the Wilgara Wetland. The consequence scores for this asset are provided below (Table 4-29).
Consequence levels were defined by the magnitude of change and were set by experienced consultants at
levels considered to be ‘reasonable’.

Table 4-29. Consequence results for environmental assets (Macquarie Marshes and Wilgara Wetland) not
receiving flows from the Macquarie regulated river in the Macquarie-Castlereagh WRPA

. Consequence
Environmental
Dry climate change , , : Wet climate change
asset y clin 9 Median climate change scenario . 9
scenario scenario
Macquarie Marshes Severe Severe Severe
Wilgara Wetlands Severe Severe Severe

Reference: (NOW 2010)

Unregulated water sources

For the unregulated system, due to a lack of appropriate information and modelling climate change scenarios
were unable to be compared against HEVAE values.
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4.6.2. Determining the likelihood rating
Regulated river water source

As discussed earlier in Section 4.5.1.2, customised hydrological indicators were developed in the MDBSY
Project for the Macquarie Marshes (CSIRO 2008a). Comparing MDBSY Project C scenarios to the 2004/05
(AO scenario) determines likelihood of specific flow indicator events occurring under the three different climate
projections (wet, dry, median) (Table 4-30). Also as discussed in Section 4.5.1.2, likelihood rankings were
adapted from SKM (2008) guidelines for assessing risks to shared water resources in the Murray—Darling
basin (Table 4-31) which define likelihood differently to how it has been defined in the majority of this risk
assessment (Section 2.2).

Table 4-30. Data used to assess risk likelihood to the Macquarie Marshes and Wilgara Wetland from change in
climate (CSIRO 2008)

Cdry Chmid Cuwet

Environmental flow indicator (% change from (% change (% change
A0) from AO0) from A0)

Average period between flows exceeding 200 GL between i
June and November at Oxley gauge 4.7yrs 24 10 25
Maximum period (years) between flows exceeding 200 GL

15 yrs 20 0 0
between June and November at Oxley gauge
Average annual volume above 200 GL between June and 75 GL .38 16 21
November at Oxley gauge
Average event volume above 200 GL between June and 392 GL 6 5 5
November at Oxley gauge
Average period between flows exceeding 80 GL over four 20 135 55 .10
months between June and November at Marebone ’
Maximum period (years) flows exceeding 80 GL over four 10.7 46 46 1
months between June and November at Marebone ’
Average annual volume above 200 GL between flows
exceeding 80 GL over four months between June and 146 -43 -24 22
November at Marebone
Average event volume 80 GL over four months between 355 22 10 10
June and November at Marebone

Reference: (SKM 2008; NOW 2010)

AO: historical climate, 2004/2005 level of development and water management arrangements
Cary: 2004/2005 levels of development; dry climate change projections for 2030

Cmig: 2004/2005 levels of development; median climate change projections for 2030

Cuwet: 2004/2005 levels of development; wet climate change projections for 2030

Table 4-31. Likelihood of insufficient water results for each climate scenario occurring in the Macquarie-
Castlereagh WRPA

. Likelihood
Environmental : .
asset Dry cllmate change Median climate change scenario Wet Cllmate change
scenario scenario
Macquarie Marshes Likely Possible Unlikely
Wilgara Wetland Likely Possible Unlikely

NSW Department of Industry | INT18/162302 | 140



Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

4.6.3. Existing water management actions and mechanisms

The WSPs for NSW MDB catchments were developed in consultation with community stakeholders, and are
applicable for 10 year periods. The WSPs are designed to share the available water on both a daily and longer
term basis for the full range of known (historical) climate variability. There is provision in the Water
Management Act 2000 (WMA) to suspend WSPs. In extreme climatic circumstances, prescriptive sharing rules
cannot allow for real-time management of transmission losses, understanding of antecedent and forecast
conditions and competing user requirements. This WMA provision has been invoked in NSW MDB valleys
where actual climatic conditions have occurred outside the range of prior climate variability.

4.6.4. Risk outcomes
Regulated river water source

The impact of the three climate scenarios (i.e. dry, median, and wet) on rainfall varied according to season.
Rainfall increased in summer and decreased in spring and winter, with little impact in autumn. Individually,
these are considered small changes in rainfall, but when combined with potential evapotranspiration rates, the
seasonal runoff changes are magnified, with higher summer runoff offset by lower runoff for the other seasons
(NOW 2010). The resulting change in average annual rainfall and runoff is presented in Table 4-32.

Table 4-32. Impacts of climate change scenarios on mean annual runoff and rainfall

Scenario Change to mean annual rainfall (%) Change to mean annual runoff (%)
Cary -10 -28

Chmid 0 -9

Cuet +12 +31

According to the MDBSY Project (CSIRO 2008a), wet scenario climate change is predicted to increase mean
annual runoff by 31 %, but there is a predicted 28 % and 9 % reduction in inflows for the dry and median
climate change scenarios respectively.

As mentioned in Section 4.5.1.2, the risk matrix used to determine the risk rating of flow alteration from change
in climate impacting the availability of water for the environment in the Macquarie marshes and Wilgara
Wetland is adapted from SKM (2008) with high and very high risks merged into a single ‘high’ category. This
was done to maintain consistency with the risk mitigation strategies in the rest of this report. The adapted risk
matrix is provided in Table 4-25.

The risk matrix used to determine the risk rating of flow alteration from change in climate impacting the
availability of water for the environment in the Macquarie Marshes and Wilgara Wetland is provided in Table
4-33.

Table 4-33. Matrix used to determine risk of insufficient water available for the environment from potential
change in climate adapted from (CSIRO 2008a)

Likelihood of insufficient water availability

Rare Unlikely Possible Likely Almost Certain
% Negligible Low Low Low Medium Medium
Q
% E Minor Low Low Medium Medium High
;f 'g Moderate Low Medium Medium High High
§ f__CU Major Medium Medium High High High
(6]
S Severe Medium High High High High
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Combining the risk consequence and likelihood ratings (Table 4-29 and Table 4-31) results in the overall risk
levels to the ecological assets and functions at the Macquarie Marshes and Wilgara Wetland as shown in
Table 4-34. The risk assessment determined a high risk to the Macquarie Marshes and Wilgara Wetland from
all climate change scenarios.

Table 4-34. Risks of insufficient water available for the environment in the Macquarie Marshes and Wilgara
Wetland as a result of change in climate [E(CC)]

Environmental asset Scenario Consequence Likelihood Risk level - E(CC)

Wet climate change Severe Unlikely
Macquarie Marshes Median climate change Severe Possible
Dry climate change Severe Likely
Wet climate change Severe Unlikely
Wilgara Wetland Median climate change Severe Possible
Dry climate change Severe Likely
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5. RIisks to health of water-dependent
ecosystems from poor water quality

[E(WQ)]

5.1. Background

Water quality is an important driver of ecological processes and determines the overall condition of a
waterway. Physical and chemical parameters such as temperature, pH, electrical conductivity, nutrients,
turbidity and dissolved oxygen affect the biology and ecology of aquatic organisms, especially when outside
tolerable levels (Watson et al. 2009).

The Basin Plan requires that a WRP must include a water quality management plan (WQM Plan). A separate
WQM Plan for the Macquarie-Castlereagh WRPA has been prepared to meet the requirements of the Basin
Plan. The WQM Plan is supplemented by a number of other documents including:

« The Incident Response Guide
. Salinity Technical Report
. Surface Water Quality Technical Report.

Water quality problems occurring within the Macquarie catchment are mostly caused by a combination of
alteration to natural flow regimes and land use change (DPI Water 2016). There are a number of causes and
threats that will impact the health of water-dependent ecosystems. In the NSW MDB, the types of water quality
degradation include:

. Water temperatures outside natural temperature range
. Elevated levels of nutrients and suspended sediments
. Dissolved oxygen and pH outside of natural ranges

. Elevated levels of in-stream salinity.

These impacts could all lead to the alteration of in-stream ecological functions and reductions in the condition
of ecological assets. Risks arising from elevated levels of salinity or other types of water quality degradation to
the condition and continued availability of water resources have been assessed below. The risk pathways for
considering potential impacts of poor water quality on water-dependent ecosystems are provided in the
following sections.

Pathogens, pesticides, heavy metals and other toxic contaminants are not monitored regularly. As such, risks
arising from these types of water quality degradation are not assessed in this risk assessment due to lack of
data. The WQM Plan identifies strategies to address risks of water quality degradation, including risks from
toxicants and pesticides.

5.2. EXxisting water management actions and mechanisms

The WMA sets a principle requirement that water quality of all water sources should be protected and,
wherever possible, enhanced. Key objectives within NSW Basin WSPs also relate to the maintenance of water
quality.

There are a suite of rules within the WSPs that assist in protecting and maintaining water quality within the
valley. Under the current water sharing plan there are restrictions on drawdowns on in-river and off-river pools
when the volume of water is less than full capacity of the pool. Cease to pump rules and commence to pump
rules also reduce the pressure on pools by extraction of water. During these low flow periods and as pools
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contract, water quality can deteriorate, algal blooms occur, dissolved oxygen levels decline. Restricting the
extraction pressure on these systems helps protect water quality.

There are also rules in the regulated system that benefit water quality. These rules include:

- Reserve all water above the long-term average annual extraction limit for planned environmental water.
This helps maintain base flows which are important to slow the decline in water quality by preventing
pools from stratifying and stagnating.

. Protect supplementary water events from extraction by users until flow triggers have been met. This
protects important rises in the water level and natural flow variability, preserves a significant portion of
natural tributary flows for river health and maintains wetland and floodplain inundation.

. Reserve water in Burrendong Dam to the limit of 160,000 ML/y to strategically use for environmental
purposes (translucent and active accounts).

. Provide for translucent flows from Windamere Dam up to allocated allowance (to be determined) for
environmental water purposes.

. To provide for specified replenishment flows that refill pools or waterholes in effluent systems
downstream of a water source and provide water for stock and domestic purposes.

. The plans also provide for licensed water to be committed for adaptive environmental water purposes.

Further details can be found in the WQM Plan, Salinity Technical Report and the Surface Water Quality
Technical Report.

5.3. Risks due to water temperature outside natural ranges

The Basin Plan identifies water temperature outside natural ranges as one type of water quality degradation in
the MDB (Schedule 10). One cause of water temperature below natural ranges is the release of stored water
from below the thermocline of large water storages in spring, summer and autumn. Release of stored water
during winter may cause water temperature above natural ranges, as well as the removal of shading riparian
vegetation and reduced flows.

Schedule 11 of the Basin Plan identifies target temperatures (monthly median) within the range of the 20" and
80™ percentiles of natural monthly water temperature. Natural monthly temperature has not been specified for
the Macquarie-Castlereagh WRPA.

This risk assessment focuses on cold water pollution (CWP) as identified by (Preece 2004) in the technical
report Cold water pollution below dams in NSW. Windamere and Burrendong Dams are the only large
storages located in the Macquarie-Castlereagh WRPA; the risk from CWP is relevant to the regulated river
only.

Water temperature influences many biological and ecosystem processes. The release of cold water from
Windamere and Burrendong Dams in the regulated Macquarie Cudgegong Rivers can impact on ecosystem
function and condition of ecological assets by causing temperature depression in the downstream regulated
river. Water temperature influences many biological and ecosystem processes. Warmer temperatures can
increase growth rates and metabolism of in-stream plants, animals and algae. Temperature influences
spawning, breeding and migration patterns of many aquatic animals.

The impact pathway is shown in Figure 5-1. The likelihood is described by the persistence of CWP
downstream from dams.
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CAUSE THREAT IMPACT
Regulated River regulation (release from Poor instream water quality Change to instream environmental
river large storages) (temperature depression) assets and ecosystem functions
Likelihood: Potential severity of cold Consequence: HEVAE score + decision
water pollution downstream from tree
storage

Figure 5-1. Impact pathway showing impact of cold water pollution on ecological functions and assets

The risk from unnaturally high water temperatures could not be calculated due to insufficient data, and is not
discussed further in this report.

5.3.1. Assigning a consequence rating

Temperature has a wide range of influences on biological processes. The release of cold water can interrupt
important biological cues such as fish spawning and other fauna, and can reduce the growth rate of fish, and
increase mortality (Lugg and Copeland 2014). CWP also has the potential to impact on the recovery potential
of fish (as a result of increased environmental water) in the Macquarie catchment (DPl Water 2016).

Thermal pollution from dams results in water temperatures below natural during the summer months and
above natural during the winter months. NSW Fisheries (Lugg 1999) estimated that severe cold water pollution
(defined as more than 5°C peak depression) persists for 400 km downstream of Burrendong Dam. There are
no estimates of thermal pollution from Windamere Dam as it is fitted with a variable offtake.

The same consequence scores as determined in Section 4.2.3 (regulated only) are used to assess risks due
to water temperatures falling below natural ranges due to releases from major storages.

5.3.2. Determining the likelihood rating

The potential for CWP can be described by the two indicators, being the size of the structure (namely intake
depth) and the scale of downstream temperature disturbance (being summer discharge) (Preece 2004). These
two metrics provide a basis for categorising dams according to the potential severity of downstream CWP.
These same categories have been used to define likelihood categories for CWP (Table 5-1).

Table 5-1. Likelihood metrics for risk to the health of water-dependent ecosystems from CWP
Likelihood metric Metric category ‘ Metric category definition

Minor CWP

Low Shallower intake (<10 m) and smaller discharge (<1000
ML/d)

Potential severity of Moderate CWP

downstream CWP Medium Deep intake (>10 m) and smaller discharge (>5 and <1000
ML/d)

Severe CWP

High
'g Deep intake (>10 m) and large discharge (>1000 ML/d)

Reference: (Preece 2004)

Windamere Dam includes a variable offtake to allow water to be released from different depths to suit water
guality and temperature management objectives. Preece (2004) reports the offtake is generally at 7 m depth
and an average discharge of 150 ML/d. Windamere Dam therefore has a low likelihood for causing CWP
during normal operations. The author does however report that there is potential for severe CWP during bulk
water transfers to Burrendong Dam. Bulk water transfers are operational releases undertaken infrequently
during exceptionally dry times and are not governed by rules in the water sharing plan so are not considered in
this risk assessment.
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Burrendong Dam is a deep storage with an intake depth estimated at 37 m and a discharge rate of 4000 ML/d
(Preece 2004). Burrendong Dam was not constructed with a variable off take but was retrofitted with a thermal
curtain to enable shallower waters to be released. Unfortunately the curtain failed during a flood and is
undergoing redesign and modification. At the time of writing the curtain has yet to be reinstalled therefore risks
are based on the original dam specifications. Based on the above criteria, Burrendong Dam has a high
likelihood for causing CWP.

5.3.3. Risk outcomes

The risk matrix used to determine the risk rating of CWP impacting the health of water-dependent ecosystems
in the regulated system of the Macquarie-Castlereagh WRPA is provided in Table 5-2.

Table 5-2. Risk matrix to determine risk outcomes of water temperature below natural range impacting the health
of water-dependent ecosystems

Likelihood (of in-stream structure having the potential to cause CWP)

Low Medium High
?_5 Very Low Low Low Low
w O
§ 5 Low Low Low Medium
(&)
qg; = Medium Low Medium High
n =}
S~ 8 High Low Medium High
o 2
9 Very High Medium High High

Combining the risk consequence and likelihood ratings (Table 4-2 and Table 5-2) for the Cudgegong River
downstream of Windamere Dam results in a low risk, and the Macquarie River downstream of Burrendong
Dam as a high risk, as shown in Table 5-3.

Table 5-3. Risks of water temperature below natural range impacting the health of water-dependent ecosystems
[E(WQ-CWP)]

Regulated river reach Consequence Likelihood Risk rating - E(WQ-
rating rating CWP)

Cudgegong River downstream of Windamere High Low Low

Dam 9

Macquarie River downstream of Burrendong : . .

Dam (400 kms) Very High High High

5.4. Risks due to turbidity, TP, TN, pH and DO

Elevated levels of suspended matter and nutrients and dissolved oxygen (DO) and pH outside natural ranges
are also types of water quality degradation identified in Schedule 10 of the Basin Plan. There are a range of
causes that contribute to water quality degradation of this type. Schedule 11 of the Basin Plan identifies target
values for water quality indicators for application zones across the Basin.

Windamere and Burrendong Dams have a major disruptive effect on water quality immediately downstream of
the dams. It causes reduced primary productivity and leads to an increase in nutrient concentrations
(Westhorpe et al. 2015). Nutrient concentrations are influenced by land use, rainfall and discharge, as well as
the combination of naturally occurring high concentrations of nitrogen and phosphorus in soils and erosion.
Soil erosion can be exacerbated by clearing, degradation of stream banks and other land use issues. Turbidity
and suspended sediment are also influenced by high flows, particularly in those reaches where bank and
riparian condition is poor (DPI Water 2016).
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Dissolved oxygen is influenced by organic carbon concentrations, nutrient concentrations and temperature,
particularly during low and cease to flow periods.

The impact pathway is shown in Figure 5-2. The consequence is described using HEVAE scoring for 50 km
river reaches based around river monitoring stations. Likelihood is described by the frequency that Basin Plan
water quality targets are exceeded.

CAUSE THREAT IMPACT

River regulation
[
[

Licensed surface water
extraction

Regulated
river

Land management practices &

natural landscape system
processes

Poor instream water quality
(suspended matter, nutrients,
dissolved oxygen, pH)

Change to instream environmental

assets and ecosystem functions

E |

Consequence: HEVAE score + decision
tree

Unregulated
rivers

Licensed surface water
extraction

Likelihood: Frequency that Basin Plan
water quality targets are exceeded

Figure 5-2. Impact pathway showing impact of water quality degradation (increased turbidity, TP, TN, pH and DO)
on ecological functions and assets

5.4.1. Assigning a consequence rating

There are 15 NSW Department of Industry water quality monitoring sites in the Macquarie-Castlereagh WRPA
across the unregulated and regulated systems. For each monitoring station, a reach was defined as 25 km
upstream and downstream (Figure 5-3) as a conservative estimate of the spatial representativeness of water
guality data and movement of in-stream biota within the river channel.

Risk consequence was determined using the HEVAE in-stream value scoring (Section 4.2.1). The
consequence decision support tree (Section 4.2.2; Appendix B) was then used to define the final consequence
score using the HEVAE in-stream values within each reach area. Consequence scores for regulated and
unregulated reaches are shown in Table 5-4 and Table 5-5.

Regulated river water source

Table 5-4. Consequence results for reaches of the Macquarie Cudgegong regulated rivers in the Macquarie-
Castlereagh WRPA

River reach Consequence Rating

421019 Cudgegong River at Yamble Bridge High
421077 Macquarie River at u/s Spillway Burrendong Low

Dam

42110101 Macquarie River at Molong Rail Bridge Very High
421004 Macquarie River at Warren Weir Very High

Unregulated water sources

Table 5-5. Consequence ratings in unregulated reaches in the Macquarie-Castlereagh WRPA

River reach Consequence rating
42110171 Fish River at Hazelgrove High
42110170 Turon River at Bathurst Point Low
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River reach Consequence rating

421025 Macquarie River at Bruinbun Medium
421038 Cudgegong River at Rylstone Bridge Medium
421018 Bell River at Neurea Medium
421176 Little River at Arthurville No. 2 High
421042 Talbragar River at Elong Elong Low
421011 Marthaguy Creek at Carinda* Very High
421012 Macquarie River at Carinda (Bells Bridge) Very High
421023 Bogan River at Gongolgon Medium
420004 Castlereagh River at Mendooran Low
420020 Castlereagh River at Gungalman Bridge Medium
NSW MACQUARIE-CASTLEREAGH WATER QUALITY SITES

Station Station Name
420004 CASTLEREAGH RIVER AT MENDOORAN
420020 CASTLEREAGH RIVER AT GUNGALMAN BRIDGE
421004 MACQUARIE RIVER AT WARREN WEIR
421011  MARTHAGUY CREEK AT CARINDA
421012 MACQUARIE RIVER AT CARINDA (BELLS BRIDGE)
421018 BELL RIVER AT NEWREA
421019 CUDGEGONG RIVER AT YAMBLE BRIDGE
421023 BOGAN RIVER AT GONGOLGON
421025 MACQUARIE RIVER AT BRUINBUN
421038 CUDGEGONG RIVER AT RYLSTONE BRIDGE
421042 TALBRAGAR RIVER AT ELONG ELONG
421077 MACQUARIE RIVER AT U/S SPILLWAY BURRENDONG DAM
421176 UTILE RIVER AT ARTHURVILLE NO.2
42110101 MACQUARIE RIVER AT MOLONG RAIL BRIDGE
42110170 TURON RIVER AT BATHURST POINT
42110171 FISH RIVER AT HAZELGROVE
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Figure 5-3. Water quality monitoring sites used to determine water quality target application zones for water-
dependent ecosystems (Schedule 11 of the Basin Plan)
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5.4.2.

Determining the likelihood rating

Likelihood is described by the frequency that the water quality target, as nominated by the Basin Plan, was
exceeded over a five year monitoring period. Data was based on monthly sampling for the period 2010/11 -

2014/15.

Schedule 11 water quality target values used for this risk assessment were for ‘other water-dependent
ecosystems’ in the Upland and Lowland zones (B3 and A3 zones respectively) (Figure 5-3) (Error! Reference
source not found.).

Table 5-6. Basin Plan (Schedule 11) water quality targets for ‘other water-dependent ecosystems’

_ Total Dissolved oxygen pH
._ Turbidity Total nitrogen (mglL; or annual
Ecosystem Target application (NTU) ?holil;)horus (ug/L) saturation (%)) il
type zone (annual Hg : o
; n (annual (annual median within the
TEEIE) (EmrEl el median) within the range) range)
B3 (includes
Streams, Macquarie-Castlereagh | 20 35 600 90-110 % 7.0-8.0
rivers, WRPA Upland zone)
lakes & A3 (includes
wetlands Macquarie-Castlereagh | 35 50 600 80-110 % 6.5-8.0
WRPA Lowland zone)

Likelihood category definitions are defined by the frequency that the water quality target is exceeded over the
five year sampling period (Table 5-7). Likelihood scores for regulated and unregulated reaches are shown in
Table 5-8 and Table 5-9.

Table 5-7. Likelihood metrics for risk of water quality impacting water-dependent ecosystems in the Macquarie-
Castlereagh WRPA

Likelihood metric Metric category Metric category definition

Low The annual site median exceeds the water quality target no more than
once between 2010/11 - 2014/15
Number of years the
annual medium water Medium The annual site median exceeds the water quality target at least two
quality exceeds the Basin twice but not more than three times between 2010/11 - 2014/15
Plan target High The annual site median exceeds the water quality target at least four
times between 2010/11 - 2014/15

Unless otherwise noted, a minimum of five samples per year were used when calculating the median.
Regulated river water source
Table 5-8. Likelihood results in regulated river reaches exceeding Basin Plan water quality targets

Total
nitrogen

Total
phosphorus

Regulated river reach

Turbidity

421019 Cudgegong River at Yamble Bridge Low High Low Low High

421077 Macquarie River at u/s Spillway

Low Medium High Low Low
Burrendong Dam ’

Medium

42110101 Macquarie River at Molong Rail Bridge Low Medium Low High

421004 Macquarie River at Warren Weir High High Medium Low High
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Unregulated water sources

Table 5-9. Likelihood results in unregulated river reaches exceeding Basin Plan water quality targets

Unregulated river reach

Turbidity

Total
phosphorus

Total
nitrogen

42110171 Fish River at Hazelgrove Low Low Low Low Low
42110170 Turon River at Bathurst Point Medium Low Low Medium Medium
421025 Macquarie River at Bruinbun Low Medium Low Medium Low
421038 Cudgegong River at Rylstone Bridge Low Low Medium Low Medium
421018 Bell River at Neurea Low Low Low Low High
421176 Little River at Arthurville No. 2 Low Low Low Medium Medium
421042 Talbragar River at Elong Elong High High High Medium High
421011 Marthaguy Creek at Carinda* High High Medium Low Medium
42.1012 Macquarie River at Carinda (Bells Medium High High Low Low
Bridge)

421023 Bogan River at Gongolgon Medium High High Low Low
420004 Castlereagh River at Mendooran Medium High Medium Medium High

5.4.3. Risk outcomes

The risk matrix used to determine the risk to the health of water-dependent ecosystems due water quality
targets being exceeded is provided in Table 5-10.

Table 5-10. Risk matrix to determine risk outcomes of exceeding water quality targets on water-dependent

ecosystems

Likelihood (of water quality targets being exceeded)

Low Medium High
@ Very Low Low Low Low
N |
= 3 Low Low Low Medium
(&)
qg; = Medium Low Medium High
n =}
S T8 High Low Medium High
o 2
z Very High Medium High High

Combining the risk consequence (Table 5-4 and Table 5-5) and likelihood ratings (Table 5-10) for the
Macquarie-Castlereagh WRPA results in the overall risk levels to ecological assets and functions as shown in
Table 5-11 and Table 5-12 for regulated and unregulated water sources respectively.

The highest risk to water-dependent ecosystems was generally found in the northern section of the catchment.
Low concentrations of dissolved oxygen and elevated levels of nutrients appear to be the highest risks to
water-dependent ecosystems in the Macquarie-Castlereagh WRPA.
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Regulated river water source

Table 5-11. Risks of exceeding water quality targets impacting the health of water-dependent ecosystems inthe regulated reaches of the

Macquarie-Castlereagh WRPA [E(WQ)]

Regulated river reach

421019 Cudgegong River
at Yamble Bridge

Turbidity

Likelihood

Overall
risk
rating

Total phosphorus

Likelihood

Overall
risk Likelihood
rating

Total nitrogen

Overall
risk
rating

Overall Overall
risk Likelihood risk

rating

Likelihood
rating

421077 Macquarie River at

u/s Spillway Burrendong Low Low Low Medium
Dam
42110101 Macquarie River Very . .

i . . Low Medium Medium
at Molong Rail Bridge High
421004 Macquarie River at Very High

i

Warren Weir High g

Medium

Medium

Medium

Medium

Medium
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Unregulated water sources

Table 5-12. Risks of exceeding water quality targets impacting the health of water-dependent ecosystems inthe unregulated water sources of the

Macquarie-Castlereagh WRPA [E(WQ)]

Unregulated river reach

42110171 Fish River at

Turbidity

Likelihood

Overall
risk
rating

Total phosphorus

Likelihood

Overall
risk
rating

Total nitrogen

Likelihood

Overall
risk
rating

Likelihood

Overall
risk
rating

Likelihood

Overall
risk
rating

High Low Low Low Low Low Low Low Low Low Low
Hazelgrove
42110170 Turon River at ) . .
. Low Medium Low Low Low Low Low Medium Low Medium Low
Bathurst Point
421025 Macquarie River ) . . . 5
. Medium Low Low Medium Medium Low Low Medium Medium Low Low
at Bruinbun
421038 Cudgegong River . . .
. Medium Low Low Low Low Medium Medium Low Low Medium Medium
at Rylstone Bridge
421018 Bell River at . . .
Medium Low Low Low Low Low Low Low Low High High
Neurea
421176 Little River at R . .
i High Low Low Low Low Low Low Medium Medium Medium Medium
Arthurville No. 2
421042 Talbragar River at . . . . .
Low High Medium High Medium High Medium Medium Low High Medium
Elong Elong
421011 Marthaguy Creek Very . i i i
X . High High High High Medium High Low Medium Medium High
at Carinda* High
421012 Macquarie River Very ) i .
. ) . Medium High High High High High Low Medium Low Medium
at Carinda (Bells Bridge) High
421023 Bogan River at ) ) i i
Medium Medium Medium High High High High Low Low Low Low
Gongolgon
420004 Castlereagh River . i . . .
Low Medium Low High Medium Medium Low Medium Low High Medium

at Mendooran
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5.5. Risks due to elevated levels of in-stream salinity [E(WQ-S)]

Elevated levels of in-stream salinity can be caused by the mobilisation of salt stores in the landscape and/or a
geological predisposition to salinity development.

Salinity targets referred to in the Basin Plan are end-of-valley salinity targets described in Schedule B,
Appendix 1 of the Commonwealth Water Act (2007). These targets have been used to assess risks to water-
dependent ecosystems from salinity.

The impact pathway is shown in Figure 5-4. The consequence is described using HEVAE scoring for 50 km
river reaches based around the relevant river monitoring stations. Likelihood is described by the frequency that
the Basin Plan end-of-valley target is exceeded.

CAUSE THREAT IMPACT

River regulation

Reg_ulated Licensed surface water
HINAELY extraction
Land management practices & ) ) Change to instream environmental
Poor instream water qualit .
natural landscape system el quality assets and ecosystem functions
processes
Consequence: HEVAE score + decision
Unregulated tree
rivers Licensed surface water

extraction
— Likelihood: Frequency that Basin Plan
end-of-valley water quality target
exceeded

Figure 5-4. Impact pathway showing impact of elevated levels of in-stream salinity on ecological functions and
assets in the Macquarie-Castlereagh WRPA

5.5.1. Assigning a consequence rating

The same consequence rating as applied in Section 5.4.1 was used. The end-of-valley target locations in the
Macquarie-Castlereagh WRPA are the Bogan River at Gongolgon, Macquarie River at Carinda (Bells Bridge)
and Castlereagh River at Gungalam Bridge (Schedule B, Appendix 1 of the Commonwealth Water Act 2007).
These stations have consequence ratings of medium, very high and medium, respectively (Table 5-5).

5.5.2. Determining the likelihood rating

Likelihood is described by the frequency that the end-of-valley electrical conductivity target was exceeded
during the five-year period 2010/11 to 2014/15. Data was based on monthly sampling for the period 2010/11 -
2014/15.

The end-of-catchment salinity targets for the Macquarie-Castlereagh WRPA, as nominated in the Basin Plan
are:

. Bogan River at Gongolgon — 80™ percentile should not exceed 456 uS/cm:;
. Macquarie River at Carinda (Bells Bridge) — 80" percentile should not exceed 744 pS/cm; and
. Castlereagh River at Gungalam Bridge — 50" percentile should not exceed 368 puS/cm.

Likelihood category definitions are defined by the frequency that the end-of-valley target is exceeded over the
five-year sampling period (Table 5-13).
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Table 5-13. Likelihood metrics for risk to health of water-dependent ecosystems from poor water quality in the
regulated river in the Macquarie-Castlereagh WRPA

Likelihood metric Metric category Metric category definition

Low The annual 80™ percentile exceeds the end-of-valley target no more

Number of years the than once between 2010/11 - 2014/15

annual 80" percentile

salinity exceeds the end-of- | Medium

valley target at each

location High The annual 80" percentile exceeds the end-of-valley target at least
9 four times between 2010/11 - 2014/15

The annual 80" percentile exceeds the end-of-valley target at least two
twice but not more than three times between 2010/11 - 2014/15

The annual 80" percentile salinity level at the Bogan River at Gongolgon (421023) exceeded the salinity target
2 out of the five years between 2010/11 and 2014/15. Therefore this risk has a medium likelihood rating.

The annual 80" percentile salinity level at the Macquarie River at Carinda (421012) at Gongolgon exceeded
the salinity target 2 out of the five years between 2010/11 and 2014/15. Therefore this risk has a high
likelihood rating. Salinity data was not available for the Macquarie River at Carinda during the year 2012-13.
For the purpose of calculating the likelihood score this year was treated as exceeding the target.

The annual 80" percentile salinity level at the Castlereagh River at Gungalman Bridge (420020) exceeded the
salinity target 5 out of the five years between 2010/11 and 2014/15. Therefore this risk has a high likelihood
rating.

5.5.3. Risk outcomes

The risk matrix used to determine the risk to the health of water-dependent ecosystems due to water quality
targets being exceeded is provided in Table 5-14.

Table 5-14. Risk matrix to determine risk outcomes of elevated levels of in-stream salinity on water-dependent

ecosystems
Likelihood (of salinity target being exceeded)

Low Medium High
’é\ Very Low Low Low Low
1) (@}
% i Low Low Low Medium
> (&]
S = Medium Low Medium High
(2] >
S 8 High Low Medium High
© 2
e Very High Medium High High

Combining the consequence (Table 5-5) and likelihood ratings (Section 5.5.2) results the Bogan River at
Gongolgon having a medium risk of elevated salinity impacting the health of water-dependent ecosystems, the
Macquarie River at Carinda a high risk and the Castlereagh River at Gungalman Bridge also a high risk (Table
5-15).
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Table 5-15. Risks of elevated levels of in-stream salinity impacting the health of water-dependent ecosystems in
the Macquarie-Castlereagh WRPA [E(WQ-S)]

Regulated river reach

Consequence rating

Likelihood rating

Risk rating - E(WQ-S)

Gungalman Bridge

421023 Bogan River at Gongolgon | Medium Medium
421012 Macquarie River at Carinda | Very high Medium
420020 Castlereagh River at Medium High
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6. RiIsk to other water uses due to unsuitable
water quality [O(WQ)

6.1. Background

There are a number of risks that may reduce the quality of water used for a number of consumptive and other
economic uses in the Macquarie-Castlereagh WRPA. Land use within the Macquarie and Castlereagh
catchments is predominantly agricultural, and includes livestock grazing, dryland cropping and irrigated

cropping.

6.2. EXxisting water management actions and mechanisms

As discussed in Chapter 5.2, under the WMA a key principle sets a requirement that water quality of all water
sources should be protected and, wherever possible, enhanced. Key objectives within the WSPs also relate to
the maintenance of water quality. For more information refer to Chapter 5, the WQM Plan, Salinity Technical
Report and the Surface Water Quality Technical Report.

6.3. Risks to irrigation water from elevated in-stream salinity
[O(WQ-S)]

Irrigation water with elevated levels of salinity can lead to potential crop damage. The Basin Plan sets water
guality targets for irrigation water for salinity (Part 4 of Chapter 9). For the Northern Basin, the target is that the
95™ percentile does not exceed 957 pS/cm across a 10 year period. These targets apply at sites where water
is extracted by an irrigation infrastructure operator for the purpose of irrigation. In NSW, irrigation infrastructure
operators are defined as a separate third party that holds a water access entitlement and delivers water to
shareholders and can include NSW irrigation corporations, private irrigation districts and private water trusts.
There is one qualifying organisation in the Macquarie-Castlereagh WRPA (the Narromine Irrigation Board of
Management).

The sodium adsorption ratio (SAR) is another indicator of the suitability of water for irrigation. Irrigation water
with a high SAR may lead to soil degradation. The Basin Plan also sets a target for the SAR for irrigation
water. The target value is the value which, if exceeded, could cause soil degradation when that water is
applied to land. This risk is not addressed in this assessment as adequate data is not yet available.

The impact pathway is shown in Figure 6-1 and demonstrates the threat to water used for irrigation driven by
elevated levels of in-stream salinity in the Macquarie-Castlereagh WRPA. The consequence is described by
the water salinity rating of irrigation water. Likelihood is described by the frequency that Basin Plan salinity
targets for irrigation are exceeded.
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CAUSE THREAT IMPACT

River regulation

I
Regulated :
9! Licensed surface water
river -
extraction
Land management practices & Poor instream water qualit
natural landscape system (salinity)s = I CREDS Reduced crop health
processes
Consequence: Maximum recorded
Unrggulated mean daily electrical conductivity
A Licensed surface water

extraction

— Likelihood: Frequency that the Basin Plan
Northern Basin irrigation salinity target is
exceeded

Figure 6-1. Impact pathway showing elevated salinity levels causing water to be unsuitable for irrigation

6.3.1. Assigning a consequence rating

Elevated levels of in-stream salinity can be driven by a number of causes. Consequence is described by the
water salinity rating of irrigation water (ANZECC and ARMCANZ (2000), Chapter 9 Table 9.2.5).

A single irrigation event of highly saline water can cause crop damage. Therefore the consequence metric is
the maximum mean daily electrical conductivity recorded between 2005/06-2014/15.

The closest salinity monitoring station to Narromine Irrigation Board of Management irrigation operation is
421127 — Macquarie River at Baroona (Figure 6-2). This sites was used to assess the risk due to elevated in-
stream salinity.

Consequence categories are defined by different water salinity rating and the sensitivity of different crops to
saline irrigation water (Table 6-1).

Table 6-1. Consequence metrics for risk to irrigation water due to elevated salinity level

Consequence metric Metric category Metric category definition

Low Maximum mean daily EC over 10 years <1300 puS/cm
i i Very low to low salinity rating
Maximum mean daily
electrical conductivity . Maximum mean daily EC over 10 years 1300 - 5200 puS/cm
Medium . . L .
recorded between 2005/06 Medium to high salinity rating
—2014/15
High Maximum mean daily EC over 10 years >5200 uS/cm
g Very High to extreme salinity rating
Reference: ANZECC and ARMCANZ 2000, Chapter 9 Table 9.2.5

The Baroona site had a Low consequence rating (Table 6-2).

Table 6-2. Consequence results for risk due to high salinity levels to irrigation water

River reach Consequence

421127 Macquarie River at Baroona Low
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MACQUARIE-CASTLEREAGH SALINITY SITES

Station Location
421127 Macquarie River at Baroona

2

NYNGAN
[ ]

GILGANDRA
o

421127
5 .DUBBO

ORANGE
[}

Data sources DPI Fisheries
NSW Industry | Lands & Water | Water.
Office of Environment and Heritage

Continuous Salinity
Monitoring Site

Wap produced by NSW Industry | Lands & Water | Water
August 2018

Figure 6-2. Monitoring stations used to determine the risk of elevated salinity to irrigation use
6.3.2. Determining the likelihood rating

A target value of 957 uS/cm is set for the Northern Basin in the Basin Plan. This target value should not be
exceeded 95% of the time over a 10 year period (i.e. that 95" percentile must be less than 957 pS/cm).

The likelihood is described by the number of years that the annual 95 percentile of daily means of electrical
conductivity exceeds the irrigation salinity target over the ten year period of 2004/05 to 2014/15.

Salinity was measured as real time data at the three monitoring stations identified above (Table 6-1). These
sites are considered representative of areas of significant irrigation.

Likelihood categories are defined by different water salinity rating and the sensitivity of different crops to saline
irrigation water (Table 6-3). Likelihood ratings for the three monitoring stations are provided in Table 6-4.
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Table 6-3. Likelihood metrics for elevated salinity levels in the Macquarie-Castlereagh WRPA

Likelihood metric Metric category Metric category definition’

Annual 95" percentile of daily EC mean never exceeds the irrigation
th . Low salinity target for the 10 year period
Annual 95" percentile of
daily mean electrical Annual 95" percentile of daily EC mean exceeds the irrigation salinity
conductivity recorded Medium target for at least 1 year but no more than 4 years over the 10 year
between 2005/06 — period
2014/15 . Annual 95" percentile of daily EC mean exceeds the irrigation salinity
High .
target for more than 4 years over the 10 year period

Table 6-4. Likelihood results for risk due to high salinity levels in irrigation water in the Macquarie-Castlereagh
WRPA

River reach Likelihood

421127 Macquarie River at Baroona Low

6.3.3. Risk outcomes

The risk matrix used to determine the risk to irrigation water from elevated salinity used for irrigation purposes
in the Macquarie-Castlereagh WRPA is provided in Table 6-5.

Table 6-5. Risk matrix to determine risk outcomes of elevated salinity levels on irrigation water

Likelihood (of salinity water quality target being exceeded)

Low Medium High
§ < Low Low Low Medium
s 5% | . :
§' £ 735 Medium Low Medium High

X >
c ®©
3= Very High Medium High High

Combining the risk consequence and likelihood ratings (Table 6-2 and Table 6-4) results in the overall risk as
high (Table 6-6).

Table 6-6. Risks of elevated levels of in-stream salinity impacting on irrigation water in the Macquarie-
Castlereagh WRPA [O(WQ-S)]

Regulated river reach Consequence rating Likelihood rating Risk rating — O(WQ-S)

421127 Macquarie River at Baroona Low Low Low

6.4. Risks to water used for recreational purposes [O(WQ-BGA)]

Most algae are safe and are a natural part of aquatic ecosystems. However, some types of blue-green algae
(cyanobacteria) can produce hepatotoxins, neurotoxins and other toxins. Blue-green algae can increase to
excessive levels if conditions are suitable and form visible ‘blooms’ that can adversely affect water quality.

Blue-green algae can cause environmental problems, disrupt drinking water supplies, recreational activities
and water-dependent industries, and pose a risk to livestock, wildlife and human health.

Blue-green algae was chosen as the indicator for risk to recreational water quality because of the potential for
some species of blue-green algae to impact on health through direct contact. Some species can produce
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potent neurotoxins and hepatotoxins, allergens or irritants to the skin and eyes as well as compounds that
affect the taste of water and produce unpleasant odours. In severe cases the toxins can cause damage to the
liver and nervous systems and there have been human deaths associated with non-routine exposure to algal
toxins through dialysis.

The impact pathway is shown in Figure 6-3 and demonstrates the threat to water used for recreational
purposes due to blue-green algae blooms. The consequence is described by the level of recreational use at
the assessed location, while the likelihood is described by the frequency of red alert occurrence.

CAUSE THREAT IMPACT

River regulation

|
Regulated .
A Licensed surface water
river ;
extraction
Land management practices &
i i Human health and loss of
natural landscape system Poor instream water quality )
(blue green algae) recreational use
processes
Unregulated Consequence: Level of recreational use
MVers Licensed surface water

extraction

| Likelihood: Duration of red alert levels
(2006/07-2013/14)

Figure 6-3. Impact pathway showing risk to recreation water quality and human health from blue-green algae

6.4.1. Existing water management actions and mechanisms

The risk of human exposure to blue-green algal blooms is managed in NSW through a coordinated regional
approach with the Regional Algal Coordination Committees (RACC). State-wide and regional contingency
plans and guidelines have been developed to provide methodologies on the management of algal blooms
(NOW 2014). The objective of the guidelines is to provide a risk assessment framework to assist with effective
management response to freshwater, estuarine and marine algal blooms. The guidelines aim to minimise the
impact of algal blooms by providing adequate warning to the public ensuring their health and safety in
recreational situations and for stock and domestic use.

Alert levels have been developed to determine the actions to be implemented in response to an algal bloom.
These levels were adopted from the National Health and Medical Research Council algal bloom response
guidelines (NHMRC 2008). A conceptual model of how these guidelines are applied for cyanobacterial blooms
in waters used for stock, domestic, farm use and recreation is provided in Figure 6-4. The stock alert is also
triggered within an amber alert if waters are used for stock watering and the stock alert levels are exceeded.

Water bodies with high levels of recreational use or those used as a source of potable supply have algal
contingency plans for the issuing of warnings and treatment of town water supplies if sampling reveals
potentially toxic levels of blue-green algae.
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Algal Bloom Identified

Detection via observation (scums )
or from routine or one off sampling results

4

Consideration of water body use “risk” profile and
identification of management responsibility / risk.

N2

Evaluation of algal cell count /biovolume results and visual
observations against the relevant “use” risk guidelines.
(Recreation; stock and domestic; and irrigation)

Green Alert Amber Alert Red Alert
Biovolume of > 0.4 <4 mm3 /L for Biovolume of > 4 mm3 /L for toxic
Biovolume of > 0.04 < 0.4 mm3 /L toxic BGA or ) BGA or
- Biovolume eq all BGA <10 mm3 /L Biovolume eq all BGA >10 mm3 /L
. ) or or
>500 <5000 cells ml-1 Microcystis | | S5000 <50000 cells/mi Microcystis >50000 cells mi-1 Microcystis
ot e aeruginosa aeruginosa
Stock Watering Alert.

>11 500 cells/ml Microcystis
aeruginosa or
>25 000 cells /ml anabaena
circinalis
Or Biovolume > 4 mm3 /L of
other toxic species

Figure 6-4. Conceptual outline of how algal alert levels are used in NSW
6.4.2. Assigning a consequence rating

Consequence is described by the degree of recreational use of the water source. Recreational usage of the
four sites monitored for blue-green algae was determined during sampling to assign a use level.

Consequence categories are defined by usage levels (Table 6-7). Consequence ratings are provided in Table
6-8.
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Table 6-7. Consequence metrics for risk to water used for recreational uses due to blue-green algae in the
Macquarie-Castlereagh WRPA

Consequence metric Metric category Metric category definition

No, or very little, use of untreated water supplies
Low . . . .
Public advised to avoid contact with water body
Degreg of use for Medium Some recreational usage (e.g. bush camping)
recreational purposes
High Untreated water used for domestic use or town water supply
g High levels of recreational usage

Table 6-8. Consequence results for risk to recreational water users in the Macquarie-Castlereagh WRPA

Oberon Reservoir Low
Chifley Reservoir Low
Windamere Reservoir Low
Cudgegong River downstream of Windamere

Dam Low
Burrendong Reservoir Low
Macquarie River d/s of Burrendong Dam Low
Macquarie River at Geurie Low
Macquarie River at Wellington Low
Macquarie River at Dubbo Low

6.4.3. Determining the likelihood rating
The likelihood is described by the annual frequency of red alerts during the period 2006/07 to 2013/14.

A red alert level is triggered when >50,000 cells/mL of Microcystis aeruginosa are present or the biovolume of
all toxin producing blue-green algae exceeds 4 mm®/L are detected. This alert level is also triggered if the total
of all blue-green algae (toxic and non-toxic) exceeds 10 mm?®/L or scums are present for long periods. This
alert level triggers contact to be made with relevant local authorities including health services and appropriate
measures are taken to assess the risks and to inform users.

Likelihood categories are defined by length of time a red alert is in place (Table 6-9). Likelihood ratings are
provided in Table 6-10.

Table 6-9. Likelihood metrics for risks from blue-green algae in the Macquarie-Castlereagh WRPA

Likelihood metric Metric category Metric category definition’

Low < 2 weeks / year
Annual duration of red Medium 2 — 4 weeks / year
alerts

High > 4 weeks /year

Table 6-10. Likelihood results for risk due to blue-green algae

River reach Likelihood

Oberon Reservoir Low

NSW Department of Industry | INT18/162302 | 162



Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

Chifley Reservoir High
Windamere Reservoir High
g:g]gegong River downstream of Windamere Low
Burrendong Reservoir High
Macquarie River d/s of Burrendong Dam Low
Macquarie River at Geurie Low
Macquarie River at Wellington Low
Macquarie River at Dubbo Low

6.4.4. Risk outcomes

The risk matrix used to determine the risk to recreational water users from blue-green algae in the Macquarie-
Castlereagh WRPA is provided in Table 6-11.

Table 6-11. Risk matrix to determine risk outcomes of blue-green algae to recreational water uses

Likelihood (annual duration of red alerts)

Low Medium High
B o § Low Low Low Medium
g 3T
g o Medium Low Medium High
O 5 Very High Medium High High

Combining the risk consequence and likelihood ratings (Table 6-8 and Table 6-10) results in the overall risk as
medium for Chifley, Windamere and Burrendong Reservoirs and low for other locations (Table 6-12).

Table 6-12. Risks from blue-green algae to recreational water uses in the Macquarie-Castlereagh WRPA [O(WQ-
BGA)]

Consequence Likelihood

Regulated river reach rating rating Risk rating
Oberon Reservoir Low Low Low
Chifley Reservoir Low High Medium
Windamere Reservoir Low High Medium
g::jngegong River downstream of Windamere Low Low Low
Burrendong Reservoir Low High Medium
Macquarie River d/s of Burrendong Dam Low Low Low
Macquarie River at Geurie Low Low Low
Macquarie River at Wellington Low Low Low
Macquarie River at Dubbo Low Low Low
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6.5. Risks to water used for human consumption

Water utilities in NSW implement a risk-based approach to drinking water management to ensure a secure
and safe drinking water supply. The Public Health Act 2010 and the Public Health Regulation 2012 require
drinking water suppliers to develop and adhere to a Drinking Water Management System (DWMS) that takes a
“multiple barrier approach” from catchment to tap. The DWMS addresses the elements of the Framework for
Management of Drinking Water Quality (Australian Drinking Water Guidelines) and is a requirement of a water
suppliers operating licence (NSW Ministry of Health 2013).

Risks to raw water and their management strategies are identified in the Drinking Water Management Systems
for the following water suppliers in the Macquarie-Castlereagh WRPA and will not be addressed further in this
document:

« Bathurst Shire Council - Bogan Shire Council

. Cabonne Shire Council « Cobar Shire Council

. Coonamble Shire Council « Dubbo Shire Council

« Fish River Water Supply « Gilgandra Shire Council

. Lithgow City Council . Mid-Western Regional Council
« Narromine Shire Council « Oberon Council

. Orange City Council « Warren Shire Councll

. Warrumbungle Shire Council « Wellington Shire Council

6.6. Other values

Other risks to the suitability of water for other public benefit values (Indigenous, socio-economic) have not
been assessed in this analysis due to a lack of data. Future risk assessments will include an assessment of
these risks as further data becomes available. Aboriginal cultural requirements will be addressed in a separate
document..
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7. RIsks to water available for other uses

7.1. Background

In this section of the risk assessment, an attempt has been made to estimate the risk of interception activities
on other users.

The National Water Commission (NWC) defined interception as occurring when flows of surface water or
groundwater are stopped, reduced or redirected (SKM et al. 2010). This definition excludes precipitation and
focuses solely on changes to runoff and recharge. This is further expanded by NWC to imply that interception
activities, for the purpose of water management, are human-induced activities that intercept significant
volumes of water and therefore decrease the amount of water reaching surface water and groundwater
bodies.

Chapter 10 Part 5 of the Basin Plan identifies the following interception activities which may have the potential
to impact on the water resources of a WRPA:

« Interception by runoff dams

. Interception by commercial plantations

. Interception by mining activities, including coal seam gas mining
. Interception by floodplain harvesting.

The impact pathways are shown in Figure 7-1 and demonstrate the threat of flow alteration driven by the
interception activities identified in the Basin Plan can impact on water available for other users. The key threat
is the interception of water that would otherwise reach a water course, thereby reducing the water available for
other users.

For the purpose of risk due to interception, NSW utilised results published in the CSIRO Murray—Darling Basin
Sustainable Yields (MDBSY) project (CSIRO 2008a; CSIRO 2008b) and model outputs that contributed to the
MDBSY project. Comparative results were also produced by NSW. Details on the methodology used for
determining likelihood ratings and consequence scores for risk due to interception are detailed in the section
below.

7.2. RIisks to other water users from interception activities [O(l-
FD),O(I-PF)]

Just as interception activities can impact on environmental assets and ecosystem functions by altering the
hydrology of a system, they can also impact on the water available for other uses. Interception activities
identified in the Basin Plan are discussed below. The impact pathway is provided in Figure 7-1.

CAUSE THREAT IMPACT
tﬂerception activities (farm Reduced surface water Reduced water availability for
dams, plantation forestry) availability other users
Likelihood: Growth in farm dams and —| Consequence: Change in average
plantation forestry impact inflows annual diversions volumes and
(MDBSY D,ig-Cric) allocations

Figure 7-1. Impact pathway showing impact of interception activities on water available for other uses

7.2.1. Farm dams (runoff dams) [O(I-FD)]

The basin-wide growth in numbers of farm dams was estimated at about 0.5-0.6 % per year, with growth rates
at the time higher in the north than the south (MDBA 2008). The volumetric growth rate was lower than the
numerical growth rate as the newer dams are smaller on average than the dams constructed pre-1994. As the
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Harvestable Rights Policy commenced in 1999, it is likely the volumetric growth rate in the period 1994 to 1999
was higher than the period 2000 to 2004.

In 2008 the volume of in-stream farm dams in the Macquarie valley was estimated at 242 GL. The MDBSY
Project estimated growth rate of 0.6 % for the entire Basin was applied to the 2008 Macquarie valley estimated
volume, yielding a predicted increase of 38 GL. This equates to a reduction of inflows of 0.9 to 1.5 % to
streams as a result of farm dam interception, depending on the climatic scenario adopted (NOW 2010).

The impact pathways are shown in Figure 7-1 and demonstrate how the threat of flow alteration driven by the
interception activities identified in the Basin Plan can impact on water available for other users. The key threat
is the interception of water that would otherwise reach a water course, thereby reducing the water available for
other users in the system.

Unregulated river water sources

As described in Section 4.5.1 the MDBSY Project did not assess unregulated rivers; therefore the SKM (2011)
assessment of the hydrological impacts of farm dams in the MDB could be used to describe likelihood. This
study assessed the impact of existing farms dams at a detailed regional scale and fits into the hydrology
theme of the Sustainable Rivers Audit 2 (SRA2) (Davies et al. 2012).

As there is no extraction data available to calculate and assign a consequence rating for unregulated river
water access licences, this risk cannot currently be assessed.

Regulated river water source

In assigning a consequence level to farm dams, the approach undertaken by the NOW (2010) was applied in
this current risk assessment. This approach was provided to the MDBA Independent Audit Group which
described the process used to assess risks to different water access entitlements and to the achievement of
environmental objectives. The approach taken in NOW (2010) adopted indicators that were based on
information readily available in the Murray—Darling Basin Sustainable Yields (MDBSY) reports (CSIRO 2008a;
CSIRO 2008Db).

To assess risks to other water users, three types of water access licences were considered based on
information readily available in the MDBSY reports, these are:

- High security water access licences, local utilities, and stock and domestic licences
. General security water access licences
. Supplementary access licences.

The change in average annual diverted volumes was used to calculate consequences of interception by farm
dams. For general security access licences, change in the number of years with 100 % allocation, and the
percentage of years with 0 % allocation were also considered. Consequence levels were defined by the
magnitude of change and were set by experienced consultants at levels considered to be ‘reasonable’ (Table
7-1) (NOW 2010).

Data used to assess consequence is presented in Table 7-2; results are provided in Table 7-3.

Table 7-1. Consequence thresholds for different types of water access licences in regulated rivers

Percent change relative to base case

Supplementary

High security

General security

Consequence access
levels B B - ith
verage verage o years wi % years with Average annual
EIUE] annual 100% . : :
. . . . . 0% allocation diversions
diversions diversions allocation
Negligible x<1 x<1 x<1 x<1 x<1
Minor 1<x<10 1<x<10 1<x<10 1<x<5 1<x<10
Moderate 10<sx<20 10sx<20 10<x<20 5<x<10 10<x<20
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Percent change relative to base case

High security

General security

Supplementary

Consequence access
levels 2 B - ith
verage verage o years wi % years with Average annual
annual annual 100% . : :
) . . . . 0% allocation diversions
diversions diversions allocation
Major 20<x<30 20<x 20<x 10<x 20 <X
Severe 30<x N/A* N/A N/A N/A

Reference: (NOW 2010)

N/A = This consequence level was not used for this indicators

Table 7-2. Data used to assess consequences to different types of water access licences in the regulated river
due to interception by farm dams

Water access licence
type

Consequence

% change in average
annual diversions

% change years with

100% allocation

% change in years with
0% allocation

High security 0 N/A N/A
General security -1 +0.9 -0.5
Supplementary access -0.3 N/A N/A

Reference: (NOW 2010)

N/A = This metric was not used for this type of water access licence

Table 7-3. Consequence results for different types of water access licences in the Macquarie Cudgegong
regulated river due to interception by farm dams

: Consequence
Water access licence : : : :
type % change in average % change years with % change in years with
annual diversions 100% allocation 0% allocation
High security Negligible N/A N/A
General security1 Negligible Minor Negligible
Supplementary access Negligible N/A N/A

Reference: (NOW 2010)
N/A = This metric was not used for this type of water access licence
! An overall consequence level of minor will be applied to general security to calculate risk (i.e. the most conservative)

7.2.1.1.

Regulated river water source

Determining the likelihood rating

For the purpose of determining likelihood for farm dams, likelihood was calculated by differences between
MDBSY scenarios Dpig- Cmig (See Table 4-20). The farm dam component of this impact was estimated at 50 %
of the total (NOW 2010).

As previously mentioned, SKM have developed guidelines for assessing risks to shared water resources in the
Murray—Darling Basin. Likelihood categories identified by SKM (2008) have been adopted for this risk
assessment (Table 4-21). These thresholds describe the overall chance that the scenario will have on the
assessed impact.

The likelihood rating is based on the differences between the MDBSY Dy,s— Cmig Scenario. The likelihood
rating for the other users from interception by farm dams is provided below (Table 7-4).
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Table 7-4. Likelihood results for different types of water access licences in the regulated Macquarie River.
Likelihood metric estimates the likelihood of insufficient water access.

Water access entitlement holder Likelihood

High Security Negligible
General Security Minor
Supplementary Water Negligible
Reference: (NOW 2010)

7.2.1.2. Existing water management actions and mechanisms

The current harvestable rights provisions allow for farm dams to capture some rainfall runoff under BLR, as
previously discussed in section 4.5.1. If estimates of BLR increase over time, extraction by other users will be
reduced to ensure compliance with the Long Term Average Annual Extraction Limit, also see section 4.4.2.

Under existing legislation the category of an access licence defines the level of priority when resources are
being allocated in regulated rivers. The Water Management Act 2000 and Water Management (General)
Regulation 2011 describe priority of licences in the following order (these may be varied by an individual water
sharing plan):

1. Local water utility access licences, major utility access licences and domestic and stock access
licences have priority over all other access licences

2. Regulated river (high security) access licences have priority over other regulated river access licence
subcategories, and supplementary access licences

3. Regulated river (general security) access licences and other regulated river access licence
subcategories

4. Supplementary water access licences have priority below all other access licences.
Understanding the priority of licence categories and subcategories enables licence holders to appropriately
manage risk.
7.2.1.3. Risk outcomes
Regulated river water source

The risk matrix used to determine the risk rating of flow alteration from an increase in farm dams intercepting
runoff and impacting the water available to different categories of water access licences in the Macquarie-
Castlereagh WRPA is provided in Table 7-5.

Table 7-5. Matrix used to determine risk from potential interception activities to other water users

Likelihood of insufficient water access

Rare Unlikely Possible Likely Almost Certain
Negligible Low Low Low Medium Medium
%g Minor Low Low Low Medium High
%_‘CCU Moderate Low Low Medium High High
§eg°, Major Low Medium Medium High High
Severe Medium Medium High High High

Combining the consequence and likelihood ratings (Table 7-3 and Table 7-4) results in the overall risk levels to
water access licences and other users in the Macquarie Cudgegong regulated river as shown in Table 7-6.

NSW Department of Industry | INT18/162302 | 168



Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

Table 7-6. Risks of insufficient water available for different categories of water access licences in the Macquarie
Cudgegong regulated river as a result of growth in interception by farm dams [O(I-FD)]

Water access licence Consequence Likelihood Risk level — O(I-FD)
type

High security Negligible Possible Low
General security* Minor Possible Low
Supplementary access Negligible Possible Low

Reference: (CSIRO 2008a)
N/A = This metric was not used for this type of water access licence
! An overall consequence level of minor was applied to general security to calculate risk

7.2.2. Commercial plantations [O(I-PF)]

As previously mentioned in section 4.5.2, afforestation is defined as the large-scale planting of trees for timber
production, carbon offsetting, land conservation or other environmental purposes. The Bureau of Rural
Sciences projected negligible growth in commercial forestry plantations in the Macquarie region at a
catchment scale. As such, no growth in plantation forestry was included in the modelling completed for the
MDBSY Project in the Macquarie (CSIRO 2008a)

Where there is no projected growth in commercial plantations there is no pathway for additional future impact
and therefore this risk has not been assessed.

7.2.3.  Mining (including CSG)

Mining activities in the Macquarie-Castlereagh catchment currently comprise of less than one percent of the
total catchment area (ABARES 2017). There are currently two coal mines operating in the Macquarie
Castlereagh WRPA and seven mines for other metals and minerals (Australian Mining 2015).

All take for mining operations, including water required for operations and processing and intercepted water,
must be accounted for by appropriate NSW water access licences acquired within the affected surface or
groundwater source. This includes any direct or indirect take from surface waters. Risks associated with all
licensed take of surface waters are addressed in Section 4.3.3, thus risk associated with surface water
licenses for the purpose of mining will not be addressed individually.

No commercial coal seam gas extraction is currently occurring in the Macquarie-Castlereagh WRPA (DTIDRE
2016). As there is no pathway for this impact to occur at present, it has not been assessed in this risk
assessment.

7.2.4. Floodplain harvesting

Floodplain harvesting is identified in the Basin Plan as a potential interception activity. In NSW, the Floodplain
Harvesting Policy and Healthy Floodplains Projects are converting this form of take into a licensable right. As
such, floodplain harvesting is not considered an ‘interception activity’ in NSW.

Any impact from floodplain harvesting on water available for other users is not assessed in this risk
assessment.

7.3. Risk to other water users due to climate change [O(CC)]

As discussed in section 4.6, there has been sustained and statistically unambiguous increase in mean
temperatures across the MDB.

For the purpose of risk to other users due to climate change in the risk assessment, NSW utilised results
published in the CSIRO Murray—Darling Basin Sustainable Yields (MDBSY) project (CSIRO 2007; CSIRO
2008) and model outputs that contributed to the MDBSY project. Comparative results were also produced by
NSW. Details on the methodology used for determining likelihood ratings and consequence scores are
detailed in the section below. The impact pathway is shown in Figure 7-2.
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CAUSE THREAT IMPACT
Change in runoff and rainfall Reduced surface water Reduced water availability for
from climate change availability (regulated rivers) other users
Likelihood: MDBSY modelling (wet, Cpnse_quence: Change in average annual
median, dry future climate scenarios) diversions volumes and allocations

Figure 7-2. Impact pathway showing impact of change in climate on ability to meet other water user’s water
requirements.

7.3.1. Assigning a consequence rating

As discussed earlier in Section 7.2.1.1, in assigning a consequence level to farm dams, the approach
undertaken by the NOW (2010) was applied in this current risk assessment. This approach adopted indicators
based on information readily available in the Murray—Darling Basin Sustainable Yields (MDBSY) reports
(CSIRO 2008a; CSIRO 2008b).

To assess risks to other water users, three types of water access licences were considered based on
information readily available in the MDBSY reports, these are:

. High security water access licences, local utilities, and stock and domestic licences
. General security water access licences
. Supplementary access licences.

The MDBSY reports covered a range of possible 2030 climate scenarios (CSIRO 2008a). Dry, median and wet
climate change scenarios were selected after implementing a daily scaling method to produce a comparable
long-time series and ranking the overall change in total runoff. These scenarios were used in each catchment
to assess the risks of the climate change by NOW (2010). The scenarios were compared against the base
case to determine the percentage change to predict the level of the consequence.

Consequence levels selected for each type of water use category are located in the 2008 Risk Assessment
(NOW 2010) and shown in Table 7-2

Data used to assess consequence is presented in Table 7-8; results are provided in Table 7-7.

Table 7-7. Consequence results for different types of water access licences in the Macquarie Cudgegong
regulated river

Water access licence type Consequence ‘

Wet climate change scenario

High Security Negligible
General Security Negligible
Supplementary Water Negligible

Median climate change scenario

High Security Negligible
General Security Minor
Supplementary Water Minor

Dry climate change scenario

High Security Negligible
General Security Major
Supplementary Water Major
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Water access licence type Consequence

Reference: (NOW 2010)

Table 7-8. Data used to assess consequences to different types of water access licences in the Macquarie
Cudgegong regulated river due to climate change

: Consequence
Water access licence

type % change in average % change years with % change in years with
annual diversions 100% allocation 0% allocation

Wet climate change scenario

High security -2.0 N/A N/A
General security 14.0 11.7 -1.8
Supplementary access 11.0 N/A N/A
Median climate change scenario

High security +4.0 N/A N/A
General security -4.0 -1.8 -11.7
Supplementary access -4.0 N/A N/A
Dry climate change scenario

High Security +9.0 N/A N/A
General Security -18.0 -11.7 +5.4
Supplementary Water -14.0 N/A N/A

Reference: (NOW 2010)
N/A = This metric was not used for this type of water access licence

7.3.2. Determining the likelihood rating

Comparing MDBSY Project C scenarios to the 2004/05 (A0 scenario) determines likelihood of climate change
impacting water available for other users under the three different climate projections (wet, median and dry)
(Table 4-30). Likelihood rankings are provided in Table 7-9.
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Table 7-9. Likelihood results for different types of water access licences in the Macquarie Cudgegong regulated
river under different climate change scenarios. Likelihood metric estimates the likelihood of insufficient water
access.

Water access licence type Likelihood

Wet climate change scenario

High Security Unlikely
General Security Unlikely
Supplementary Water Unlikely
Median climate change scenario

High Security Possible
General Security Possible
Supplementary Water Possible
Dry climate change scenario

High Security Likely
General Security Likely
Supplementary Water Likely
Reference: (NOW 2010)

7.3.3. Existing water management actions and mechanisms
Existing actions and mechanisms correspond to those identified in Section 4.6.3.
7.3.4. Risk outcomes

As discussed earlier, the wet climate change scenario is predicted to increase mean annual runoff by 31 %,
but there is a predicted 28 % and 9 % reduction in inflows for the dry and median climate change scenarios
respectively, see section 4.6.4.

The risk matrix used to determine the risk rating of flow alteration from change in climate impacting the
availability of water for other uses in the Macquarie and Cudgegong regulated rivers is provided in Table 7-10.

Table 7-10. Matrix used to determine risk from potential change in climate

Likelihood of 2030 projected hydrologic change from baseline

(insufficient water access modelled C runs)

Rare Unlikely Possible Likely Almost Certain
ET_’. Negligible Low Low Low Medium Medium
g g Minor Low Low Low Medium High
% 'g Moderate Low Low Medium High High
§ f_-E Major Low Medium Medium High High
S Severe Medium Medium High High High

Combining the risk consequence and likelihood ratings (Table 7-7 and Table 7-9) results in the overall risk
levels to other users from climate change are shown in Table 7-11. The risk assessment determined a low risk
for all users under the median scenario and high security users under the dry scenario. Under a dry climate
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change scenario, general security and supplementary water users are at medium risk of a reduction in inflows
together with all users under the wet scenario.

Table 7-11. Risks to different types of water access licences in the Macquarie Cudgegong regulated river under
different climate change scenarios [O(CC)]

Water access licence type Consequence Likelihood Risk level — O(CC)

Wet climate change scenario

High Security Negligible Unlikely Low
General Security Negligible Unlikely Low
Supplementary Water Negligible Unlikely Low

Median climate change scenario

High Security Negligible Possible Low
General Security Minor Possible Low
Supplementary Water Minor Possible Low

Dry climate change scenario

High Security Negligible Likely Medium
General Security Major Likely High
Supplementary Water Major Likely High

Reference: NOW 2010

7.4. RIisk to other water users due to growth in BLR [O(BLR)]

As described earlier in Section 4.4, all landholders in NSW have rights to access water for some basic
purposes. The principles of the WM Act require that water sharing must protect BLR.

Access to BLR is not controlled by access rules that restrict licensed water users in unregulated water sources
(for example, low flow access cease to pump rules); BLR is afforded a higher priority of access.

Any future growth in BLR therefore represents a potential future risk to other (licensed) water users at very low
flows. Any increase in the volume taken by BLR access will necessitate a decrease in the volume share of
access by licensed water users.

This risk is not applicable in regulated systems where the system is managed in such a way to maintain supply
of BLR water requirements.

The impact pathway is shown in Figure 7-3 and demonstrates the risk to water availability for licensed water
uses driven by growth in BLR in unregulated water sources. The consequence is described by the volume of
licensed entitlement in the unregulated water source. Likelihood is described by the ratio of BLR to licensed
entittement. The greater the ratio of BLR to entitlement, the greater the likelihood that there will be less water
available to other licensed water users; this consequence will be greater in areas of high entitlement.

NSW Department of Industry | INT18/162302 | 173



Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

CAUSE THREAT IMPACT
Growth in extraction under Reduced surface water Reduced water available for
Unregulated basic landholder rights availability at low flows other users
[IMCNS Likelihood: Ratio of BLR volume to | Consequence: Total water source
water source entitlement volume entitlement

Figure 7-3. Impact pathway showing risk to licensed water users due to growth in BLR access in unregulated
water sources in the Macquarie-Castlereagh WRPA

7.4.1. Assigning a consequence rating

Consequence is described by the current volume of entitlement in each water source. It is assumed that the
higher the level of entitlement within a water source, the greater the impact on licensed water users if cease to
pump (CtP) levels are triggered more frequently due to increased BLR access.

Consequence categories are defined in Table 7-12. Consequence ratings are shown in Table 7-13.

It is assumed that all entitlement is fully active and utilised. That is, the volume extracted is the volume of
entitlement for each water source.

Table 7-12. Consequence metrics for increased extraction by BLR in unregulated water sources in the
Macquarie-Castlereagh WRPA

Consequence metric Metric category Metric category definition

Low Volume of entitlement < 5,000 ML
Volume of entitlement Medium Volume of entitlement 5,000 — 10,000 ML

High Volume of entitlement > 10,000 ML
Reference: NSW Water Register (NSW Department of Industry)

Table 7-13. Consequence ratings for increased extraction by BLR in unregulated water sources in the Macquarie-
Castlereagh WRPA

Water source ‘ Consequence rating

Backwater - Boggy Cowal Low
Bell River Medium
Bulbodney - Grahway Creek Medium
Burrendong Dam Storage tributaries Low
Campbell's River Low
Coolbaggie Creek system Low
Cooyal Wialdra Creek Low
Ewenmar Creek High
Fish River High
Goolma Creek Low
Lawsons Creek Low
Little River Low
Lower Bogan River High
Lower Talbragar Low
Macquarie above Burrendong High
Marra Creek Low
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Water source ‘ Consequence rating

Marthaguy Creek Low
Maryvale-Geurie Low
Molong Creek and tributaries Medium
Piambong Creek Low
Pipeclay Creek Low
Queen Charlottes Vale Creek/Evans Plains Low
Creek

Summerhill Creek High
Turon/Crudine River Low
Unregulated Lower Macquarie High
Upper Bogan River Catchment Low
Upper Cudgegong River above Windamere Medium
Upper Talbragar River/Coolaburragundy River | Low
Wambangalang - Whylandra Low
Winburndale Rivulet Low
Castlereagh River Binnaway to Gilgandra Low
Castlereagh River above Binnaway Low
Castlereagh River below Coonamble* Low
Castlereagh River Gilgandra to Coonamble Low
Nedgera Creek* Low
Teridgerie Creek* Low
Tooraweenah to Coonamble Tributaries Low

7.4.2. Determining the likelihood rating

Likelihood is described by the ratio of the volume of BLR to all licensed water entitlement in each water source
(i.e. irrigation, town water supply, etc.). Entitlement is the current volume of licensed entitlement in each water
source. It was assumed that all entittement is fully active in the unregulated water sources.

Likelihood categories are defined in Table 7-14. Consequence ratings are shown in Table 7-15.
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Table 7-14. Likelihood metrics for increased extraction by BLR in unregulated water sources in the Macquarie-

Castlereagh WRPA

Likelihood metric Metric category Metric category definition’

BLR/Entitlement < 0.5

BLR/Entitlement 0.5-1

BLR/Entitlement = 1

Low
Ratio of BLR volume to .
. . Medium
total licensed entitlement
High
Reference: NSW Water Register (NSW Department of Industry)

Table 7-15. Likelihood ratings for increased extraction by BLR in unregulated water sources in the Macquarie-

Castlereagh WRPA

Water source ‘ Likelihood rating

Backwater - Boggy Cowal Low
Bell River Low
Bulbodney - Grahway Creek Low
Burrendong Dam Storage tributaries Medium
Campbell's River Low
Coolbaggie Creek system Low
Cooyal Wialdra Creek Low
Ewenmar Creek Low
Fish River Low
Goolma Creek Low
Lawsons Creek Low
Little River Low
Lower Bogan River Low
Lower Talbragar Low
Macquarie above Burrendong Low
Marra Creek Low
Marthaguy Creek Low
Maryvale-Geurie Low
Molong Creek and tributaries Low
Piambong Creek Low
Pipeclay Creek Low
Queen Charlottes Vale Creek/Evans Plains Low
Creek

Summerhill Creek Low
Turon/Crudine River Medium
Unregulated Lower Macquarie Low
Upper Bogan River Catchment Low
Upper Cudgegong River above Windamere Low
Upper Talbragar River/Coolaburragundy River | Medium
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Water source ‘ Likelihood rating

Wambangalang - Whylandra Low
Winburndale Rivulet Low
Castlereagh River Binnaway to Gilgandra Low
Castlereagh River above Binnaway Low
Castlereagh River below Coonamble* Low
Castlereagh River Gilgandra to Coonamble Low
Nedgera Creek* Low
Teridgerie Creek* Low
Tooraweenah to Coonamble Tributaries Low

7.4.3. Existing water management actions and mechanisms

Under the Water Management Act 2000, BLR are made up of domestic and stock rights, harvestable rights
and native title rights. Water sharing plans recognise basic landholder rights in their respective water sources.
Water may be extracted under these rights without the need for a water access licence, although in the case of
accessing groundwater under a domestic and stock right, the bore must still be approved by the Department.
The water sharing plan cannot limit or restrict these rights, but the Act itself provides for restrictions on BLR
through the development of mandatory guidelines. Additionally, during periods of water shortage, domestic
and stock users may be required, by Ministerial Order, to restrict usage to essential purposes.

The proliferation of new domestic and stock rights through the subdivision of land will be managed through a
further regulation to the Water Management Act 2000. This regulation, made under section 52(2) of the Act,
will limit the growth in basic landholder rights when a landholding is subdivided. Effectively this will mean that
the reasonable use for the pre-subdivision landholding will be ‘frozen’ and the vendor will have to apportion
this reasonable use limit between the proposed lots in the subdivision. Although still in development, it is
intended that such limitations will be applied only to rivers and aquifers that could be subject to high hydrologic
stress or high in-stream risk.

7.4.4. Risk outcomes

The risk matrix used to determine the risk to water availability for other uses due to growth in BLR extraction is
provided in Table 7-16.

Note that the standard matrix has been altered so that when the likelihood is low (i.e. the ratio of BLR to
entitlement <0.5), the risk outcome is always considered low regardless of the level of consequence. This
change was made to avoid falsely assigning medium risk outcomes when BLR ratios are very low but
entitlement is high. High BLR ratios (e.g. >0.5) usually reflect higher levels of urban/peri-urban development
within a water source and therefore a higher likelihood of future BLR growth.

Table 7-16. Risk matrix to determine risk outcomes of increased BLR extraction to other water users in
unregulated water sources

Likelihood (ratio of BLR to entitlement)

Low Medium High

()
2o == Low Low Low Medium
Shog
g5 Eo Medium Low Medium High
0n 0o =x

= O +
§5>5 High Low High High

Combining the risk consequence and likelihood ratings (Table 7-13 and Table 7-15) results in the overall risk
as low for all unregulated water sources in the Macquarie-Castlereagh WRPA (Table 7-17) except Ewenmar
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Creek, Fish River, Lower Bogan River, Macquarie above Burrendong, Summerhill Creek, and Lower
Macquarie water sources. The risk level in these water sources is medium; Table 7-18 shows data on BLR
volumes and entitlement volumes for these four water sources.

Table 7-17. Risks of increased BLR extraction to other water users in unregulated water sources in the

Macquarie-Castlereagh WRPA [O(BLR)]

Water source r(;c:;:]sgequence Likelihood rating gi(EkLIS;/el .
Backwater - Boggy Cowal Low Low Low
Bell River Medium Low Low
Bulbodney - Grahway Creek Medium Low Low
Burrendong Dam Storage tributaries Low Medium Low
Campbell's River Low Low Low
Coolbaggie Creek system Low Low Low
Cooyal Wialdra Creek Low Low Low
Ewenmar Creek High Low Medium
Fish River High Low Medium
Goolma Creek Low Low Low
Lawsons Creek Low Low Low
Little River Low Low Low
Lower Bogan River High Low Medium
Lower Talbragar Low Low Low
Macquarie above Burrendong High Low Medium
Marra Creek Low Low Low
Marthaguy Creek Low Low Low
Maryvale-Geurie Low Low Low
Molong Creek and tributaries Medium Low Low
Piambong Creek Low Low Low
Pipeclay Creek Low Low Low
Queen Charlottes Vale Creek/Evans Plains Low Low Low
Creek

Summerhill Creek High Low Medium
Turon/Crudine River Low Medium Low
Unregulated Lower Macquarie High Low Medium
Upper Bogan River Catchment Low Low Low
Upper Cudgegong River above Windamere | Medium Low Low
gip\)/p;err Talbragar River/Coolaburragundy Low Medium Low
Wambangalang - Whylandra Low Low Low
Winburndale Rivulet Low Low Low
Castlereagh River Binnaway to Gilgandra Low Low Low
Castlereagh River above Binnaway Low Low Low
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Water source ;ciir:]sgequence Likelihood rating gi(EkLls;/el .
Castlereagh River below Coonamble* Low Low Low
Castlereagh River Gilgandra to Coonamble | Low Low Low
Nedgera Creek* Low Low Low
Teridgerie Creek* Low Low Low
Tooraweenah to Coonamble Tributaries Low Low Low

Table 7-18. BLR and entitlement volumes for medium and high risk water sources in the Macquarie-Castlereagh
WRPA

HIaer Soiee (Bl\/ll_l_R/;rl)glht51 Zr?':iatl:ementz Number of WALSs
(ML/yr)
Ewenmar Creek 42 65125 13
Fish River 296 18071 41
Lower Bogan River 270 42305 29
Macquarie above Burrendong 260 25586 98
Summerhill Creek 150 11765 72
Lower Macquarie 31 51888 22
References:
1 Water Sharing Plan for the Macquarie Bogan Unregulated and Alluvial Water Sources 2012
2 Department of Industry Water Register for the 2017-18 Water Year

7.5. Other values

Other risks to the availability of water for other public benefit values (Indigenous, socio-economic) have not
been assessed in this analysis due to a lack of data. Future risk assessments will include an assessment of
these risks as further data becomes available. Aboriginal cultural requirements will be addressed in a separate
document.
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8. RIisk treatment overview

Section 10.43(1) of the Basin Plan requires WRPs to describe water resource management strategies to
address medium or high levels of risk or explain why the risk cannot be addressed by the WRP in a manner
commensurate with the level of risk. As strategies are not required for risk results that are low, they have not
been further considered in the risk treatment overview.

Medium and high risk results were reviewed to determine whether they are adequately addressed by existing
strategies, or whether modifications or new strategies may be required. Risk treatment options were
developed following a systematic approach outlined in Figure 8-1 and further explained in Table 8-1. Defining
tolerable risk results (those high or medium results NSW considers are acceptable or adequately managed by
existing water resource management strategies) were also part of this approach.

Explanations for risk results that the WRP cannot address in a manner commensurate with the level of risk are
provided in the consolidated risk table (Table 1) at the start of this document.

As this risk assessment examines risks to water quality, it is relevant to note that s10.31 of the Basin Plan also
requires the WQM Plan to include measures to address water quality risks. Where the WQM Plan identifies
measures that are contained within the WRP or WSPs, these strategies are also shown in this chapter. Note
this material is included to show linkages between the two documents and the WQM Plan should be referred
to in the first instance.

The risk treatment options reflect the complex nature of risk based water resource management and allow for
a range of strategies to be identified and applied irrespective of their legislative base or approach.

Option A is used when other risk options have been assessed and no further strategies are available, or by
default when a risk is defined as tolerable.

Options B and C guide the development of strategies that aim to improve knowledge about the risk or the
resource. They allow for instances where there has not been adequate information available to fully assess a
risk or to develop or modify an existing mitigation strategy. Although associated strategies cannot directly
mitigate risk, they aim to provide sufficient information to enable mitigation strategies to be reassessed or
developed under options D to G. Options B and C may be linked to adaptive management strategies that are
responsive to information improvements during the term of the WRP or related plan. Additional information on
strategies related to these options can be found in the Macquarie-Castlereagh Monitoring, Evaluation and
Reporting (MER) Plan.

Options D to G guide the modification of existing or development of new strategies that mitigate risk through
activity control mechanisms. Strategies related to these options may need consideration of impact on other
risk results or third parties. This element has been included to reflect Basin Plan and NSW principles for WRP
development which recognise the competing economic, social, cultural, and environmental demands on water
resources. ldentifying where strategy trade-offs have been applied is particularly important where mitigation
strategies may not result in the full mitigation of an identified risk. The pathway allows the likely effects of
adjusted or new strategies on risk results to be considered as residual risks. It also enables the acceptance of
a high or medium risk result as tolerable if predefined criteria are met, or following the application of a risk
treatment option. The difference between these tolerable risks is discussed in Chapter 8.2 below.

For detailed information on the application of the options and strategies applied to individual risk results, see
the consolidated risk table (Table 1 of the Executive Summary). Note risk results that are low or have been
assigned a tolerable status based on predefined criteria are assumed to have adequate strategies in place and
have not been further reviewed in this risk assessment.
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Figure 8-1. Risk treatment pathway
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Table 8-1. Risk treatment options explained

Element ‘ Description

®

No new strategies
required or possible

No further mitigation is possible and no new strategies are proposed. This may be relevant where
the risk is adequately managed via existing strategies or where a risk cannot be fully mitigated
and trade-offs limit other options. Note: existing strategies are retained and the risk result does
not change.

Fill knowledge gap /
evaluate
effectiveness of
existing strategies

Mitigation is not immediately possible and knowledge improvement is proposed. Where there is
not enough information available regarding the resource and/or the effectiveness of existing or
alternative strategies this option can be used. The MER plan will address the knowledge gaps to
enable the existing strategies to be reviewed in the future. Note: existing strategies are retained
and the risk result does not change

©

Expert opinion with
MER confirmation
strategies

Mitigation is not immediately possible and knowledge improvement via the MER plan is proposed.
This option may be used where there is a discrepancy between risk assessment results and
expert opinion or alternative evidence. Differences may be due to conservative estimations of
consequence or likelihood in risk assessment calculations, knowledge from complementary WRP
activities such as LTWP development (including identification of asset watering requirements),
type of data available for risk calculation, or other factors that affect results such as data
confidence. Note: existing strategies are retained and the risk result does not change. Alternative
information sources may enable decisions around the tolerability of a risk result to be made.

)

Adjustment of WSP
or WM Act based
rules or strategies

Mitigation is possible through adjustment of an existing active (i.e. implemented) water sharing
strategy. These strategies are generally those currently implemented via WSPs, the WM Act or
related policies. Note: existing strategies that are not modified by this risk treatment option are
retained. Other risk results may change as a result of strategy modification. As use of this option
may affect risks or a third party, care should be taken to assess the proposed changes through
secondary lenses as indicated by the flow chart.

®

Implement dormant
WSP or WM Act
strategies

Mitigation is possible through the implementation of an existing dormant (i.e. non-implemented but
available for use via WSP or WM Act) water sharing strategy. These strategies often describe
alternative levels of management intensity than the implemented active strategy. Examples
include IDELsS/TDELSs or local area management in groundwater systems where they are not
already in place. Note: unaffected existing strategies are retained, risk results may change. As
use of this option may affect risks or a third party, care should be taken to assess the proposed
changes through secondary lenses as indicated by the flow chart.

® (i)
Develop and

implement new
water sharing

Mitigation is possible through the development and implementation of new WSP or WM Act based
sharing strategies such as rules, policies or other processes. Note: unaffected existing strategies
are retained, risk results may change. As use of this option may affect risks or a third party, care
should be taken to assess the proposed changes through secondary lenses as indicated by the
flow chart.

strategies

® N Mitigation is possible through the development and implementation of new strategies that are not
(ii) covered by F(i) and are related to the introduction of the Basin Plan and appear in associated

Develop / instruments. Note: unaffected existing strategies are retained, risk results may change. As use of

implement new this option may affect risks or a third party, care should be taken to assess the proposed changes

strategies through secondary lenses as indicated by the flow chart.

(WRP/WQSMP/IRG

ILTWP/BP)

@ (i)
Review interaction

with complementary
WM Act processes

The WM Act covers a broad range of activities of which water sharing is one. This option focuses
on reviewing linkages to WM Act based strategies that are complementary to water sharing such
as floodplain harvesting and floodplain management. Note: unaffected existing strategies are
retained, risk results may change. As use of this option may affect risks or a third party, care
should be taken to assess the proposed changes through secondary lenses as indicated by the
flow chart.
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Element ‘ Description

@ . Other legislative instruments that contain strategies that may mitigate risk to water sources (e.g.
(ii) the Environmental Planning and Assessment Act 1979, Contaminated Land Management Act
Review interaction | 1997, Dam Safety Act 2015). Multi-agency strategies such as the NSW Cold Water Pollution

With_ strategies Strategy and others covering land management should also be included. This strategy type aims
available under to review interaction with and improve linkages to complementary non WM Act or Basin Plan
other legislation processes and controls. Examples include: major storage infrastructure upgrades can mitigate

risk to the environment from cold water pollution; improvement in land use management practices
can reduce the risk to the environment by reducing suspended solid loads. Note: unaffected
existing strategies are retained, risk results may change. As use of this option may affect risks or
a third party, care should be taken to assess the proposed changes through secondary lenses as
indicated by the flow chart.

8.1. Existing water resource management strategies, actions and
mechanisms

This risk assessment has assessed risks with existing WSP or WM Act based rules in place. It builds on the
knowledge and experience of earlier risk based approaches to water planning and management in NSW
(NOW 2011a). A range of strategies under the WM Act and associated WSPs address risk for the WRP area,
these are consistent with strategies applied elsewhere in the NSW portion of the Basin and other areas of the
State. These strategies have been identified for each risk as water management actions and mechanisms in
previous sections of this report. They are also shown later in this chapter in the strategy summary table (Table
8-7) and the consolidated risk table. Further information on existing strategies and the way in which they
address risk can also be found in the following documents (Table 8-2), and other material available from the
NSW Department of Industry website. These references are provided for background information purposes
and may be replaced with updated references as water resource plans are finalised and implemented.

Table 8-2. Further information regarding existing WM Act based strategies, actions and mechanisms

Document

Evaluation of NSW Water sharing plans for the major regulated rivers in the Murray—Darling Basin (DPI 2017) (in final
draft)

Water Sharing Plan for the Macquarie Bogan Unregulated and Alluvial Water Sources 2012 Background Document,
DPI Water 2012

Water Sharing Plan for the Castlereagh Unregulated and Alluvial Water Sources 2011 Background Document, DPI
Water 2011

Macro water sharing plans — the approach for unregulated rivers. A report to assist community consultation, Office of
Water 2011

Water sharing plans - Inland NSW unregulated and alluvial water sources — Overview NSW, Office of Water 2011

8.2. Tolerable risk results

A medium or high-risk result does not necessarily imply that existing water management strategies require
change or are inadequate. In many circumstances these risks will already have an appropriate level of
management in place under the WM Act that is commensurate with the risk result (i.e. via the relevant water
sharing or other water management plans, water management policies etc.). In these situations NSW has
made an informed decision to accept the risk result as an acceptable or tolerable risk in line with the Basin
Plan Water Resource Plan Requirements Position Statement 9B Strategies for addressing risks. Where a risk
result is considered tolerable, the Basin Plan does not require further strategies to be implemented. These
results are not further considered in this document.
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8.2.1.

Predefined tolerable risk criteria

This section refers to element 1 on the risk treatment pathway. Risk results that meet the predefined tolerable
risk criteria are automatically assigned risk treatment option A as no new strategies are required or possible.

There are a variety of reasons why medium or high-risk results may be tolerable including acceptance of the
fundamental changes that river regulation has made to some NSW rivers and the balancing of environmental,
social, cultural and economic demands on water resources. Table 8-3 lists the criteria that have been used to
predefine risk results as tolerable. If a risk does not appear, no predefined criteria have been identified. The
consolidated risk table identifies for each river reach the tolerable status and relevant rationale for each risk
result. As noted earlier, strategies relating to risks to water quality are not discussed in this chapter; refer to the
WOQM Plan for this material.

Table 8-3. Tolerable risk result rationale

Risk ‘ Component Tolerable rationale
E(W) Risk to Zero flows Risk inherent to regulated river reaches. Zero flow periods cannot be scheduled
water available due to dam operational constraints and requirements to deliver water orders and
for the BLR (stock and domestic) replenishment flows. This impact is most pronounced in
environment reaches closest to Windamere and Burrendong Dams. Zero flow periods will
due to river exhibit more natural patterns towards the downstream end of the water sources.
regulation and .. .
Iicgnsed Base flows Risk inherent to regulated river reaches. Base flows cannot be scheduled due to
extraction dam operational constraints and requirements to deliver water orders and BLR
(regulated (stock and domestic) replenishment flows. This impact is most pronounced in
rivers) reaches closest to Windamere and Burrendong Dams. Base flow periods will
exhibit more natural patterns towards the downstream end of the water sources.
Fresh flows Water ordering patterns have altered the duration and timing of freshes leading to
unnaturally long events in summer and fewer events in winter. This impact is most
pronounced in the reaches closest to Windamere and Burrendong Dams and is
mitigated in a downstream direction as more tributary flows enter the regulated
river.
Medium to High | Water ordering patterns have altered the duration and timing of freshes leading to
flows unnaturally long events in summer and fewer events in winter. This impact is most
ARI 1.5 pronounced in the reaches closest to Windamere and Burrendong Dams and is
mitigated in a downstream direction as more tributary flows enter the regulated
river.
High flows River regulation, water ordering patterns, and third party inundation risks prevent
ARI 2.5 an increase in the frequency of 2.5 ARI flows
High flows River regulation, water ordering patterns, and third party inundation risks prevent
ARI 5 an increase in the frequency of 5 ARI flows
Some Medium Some medium risks are driven by a low likelihood and a very high consequence.
Risks across These risks are tolerable due to the low likelihood rating.
various flow
components
8.2.2. Risks assessed as tolerable following application of a risk treatment option

This section refers to element 2 on the risk treatment pathway. Although risk results may arrive at this element
following the application of any risk treatment option, only those where a tolerable risk has been determined

are discussed.

In this assessment risk treatment option C Expert opinion with MER confirmation has been applied to the

following risks.
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8.2.2.1. Risk to the environment and capacity to meet environmental water requirements from insufficient
water (unregulated rivers)

The level of risk to the environment from water extraction in unregulated rivers has been difficult to assess. As
there is little water extraction information collected, volumes and patterns of current use cannot be used to
determine the likelihood of extraction impacts. The best available information is the entitlement information
shown on water access licences and in WSPs. While this can be used to assess the risk to the environment
for full extraction development, the information reflects potential risk rather than the current risk in those water
sources where extraction has not reached full development levels.

In many circumstances these water sources may already have an appropriate level of management in place
under the WM Act that is commensurate with the risk from current levels of water extraction. As the level of
risk for many unregulated water sources is unclear, risk treatment option C has been applied and a strategy
developed to improve the knowledge used to assess risk from extraction in unregulated sections of the WRP
area (see strategy 18 in Table 8-6).

As the results of this strategy will not be available for some time, a decision tool was used to compare expert
knowledge of individual water sources to the full development risk to assign a tolerable status to each result,
and to make recommendations for ongoing monitoring. Further information on the decision tool can be found
in Appendix F. Refer to the MER Plan for more information regarding the implementation of strategy 18.

The consolidated risk table indicates where tolerable risks have been identified for unregulated water sources.
As no additional strategies have been applied to these results, they are not discussed further in this document.
The table also addresses those risks this strategy has not determined to be tolerable.

8.2.3. Trade-off assessments

This section refers to element 3 on the risk treatment pathway. Risk results may arrive at this element of the
pathway following the application of options D to G where a new or modified strategy affects another risk result
or may result in a third-party impact.

8.3. New or modified water resource management strategies,
actions and mechanisms

This section refers to strategies developed or modified as a result of applying options D to G on the risk
treatment pathway. Although several options for new or modified strategies were developed for consideration,
only those that are proceeding into the WRP have been included in this section. Appendix G contains further
information on strategy development constraints, decision processes and draft strategies. The WRP describes
the consultation undertaken to determine which strategies will be implemented.

A number of overarching principles guide the development of WRPs in NSW. These acknowledge the
legislative framework and water resource management strategies in place in NSW prior to the introduction of
the Basin Plan. These principles have been considered during the preparation of new actions and
mechanisms and are summarised in Table 8-4.
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Table 8-4 Principles guiding development of strategies in NSW

Instrument or source Principles

Commonwealth Water Act There will be no net reduction in the protection of planned environmental water
2007

The Commonwealth is responsible for funding the gap between existing limits and the
Sustainable Diversion Limits (SDL).

WRPs will meet the requirements set out in the Basin Plan

Basin Plan Nothing in the Basin Plan requires a change in the reliability of water allocations of a
kind that would trigger Subdivision B of Division 4 of Part 2 of the Act (s. 6.14)

NSW Water Management Act | WSPs are required to balance social, cultural, economic and environmental needs of
2000 the community and catchments (this is a fundamental objective of water management
in NSW and is described in the objects of the Act).

Delivering WRP Plans for WRPs are cost neutral for NSW licence holders
NSW Roadmap 2016-2019

Development of WRPs minimises change to NSW WSPs within their initial ten year
terms

The strategies outlined in this section were developed with consideration to their implementation. As this is
primarily through the rules and conditions within the WRP and the WSP, strategies have been limited to water
management actions and mechanisms as these are within the scope of Basin Plan strategies and controls. As
previously mentioned, strategies outside this scope that relate to the management of water quality risks are
outlined in the WQM Plan. Table 8-5 provides information on the new strategies and explains how risk is
addressed.

Table 8-5. New or modified water management actions and mechanisms

Mechanism Description

N1 Sustainable Diversion Limits This new mechanism is a Basin Plan requirement

N2 Strategic use of environmental | Risk: Risk to the environment and risk to the capacity to meet environmental water

water allowance (EWA) (and requirements from insufficient water.

relevant held environmental water | Risk driver addressed: Reduced frequency and altered seasonality of freshes,
licences) as described in the reduced frequency of over bank flows in unregulated water sources downstream of
Macquarie LTWP the regulated river.

Locations: Regulated rivers and downstream unregulated water sources
Benefits: Improved pattern of freshes through improved environmental water

management.
N3 Environmental Water The planned environmental water in the form of translucent flows from Windamere
Allowance from Windamere Dam | Dam is to be replace by an discretionary environmental water allowance to be
for Cudgegong system controlled by the EFRG (or a local Cudgegong subcommittee)

8.4. Knowledge strategies

This section refers to strategies developed as a result of applying options B and C on the risk treatment
pathway. Although knowledge improvement strategies cannot directly mitigate risk results, these strategies
aim to provide information on which to base future calculations of risk and to inform planning decisions
regarding strategy or mechanism application. A summary of these strategies is provided in Table 8-6, further
information can be found in the MER Plan.
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Table 8-6. Knowledge strategies

Strategy Mechanism and description

18 Improve knowledge | N4 Projects resulting from application of risk treatment option C Expert opinion with MER
to assess risk in confirmation strategies

unregulated sections It is expected there will be ongoing monitoring to determine current extraction in the
of the WRP area. unregulated water sources of the WRP area resulting in a dataset that can be used to
assess and monitor the likelihood component of relevant risks.

Note: N4 may also be used in conjunction with N5

19 Improve knowledge | N5 Reviews resulting from application of risk treatment option B Fill knowledge gap /
of effectiveness of evaluate effectiveness of existing strategies

existing strategies This risk assessment recommends review of current extraction management strategies in
those unregulated water sources where medium or high risks have not been assessed as
tolerable and no new strategies have been identified. Refer to the MER plan for further
information.

In this WRP area those water sources are: Bell River, Bulbodney Grahway Creek,
Campbells River, Coolbaggie Creek, Fish River, Lower Bogan River, Lower Macquarie
River, Lower Macquarie River, Macquarie River above Burrendong, Marra Creek,
Marthaguy Creek, Queen Charlottes Vale Evans Plains, Turon Crudine River, Upper
Bogan River, Upper Cudgegong River, Upper Talbragar River, Castlereagh River
Binnaway to Gilgandra, Castlereagh River below Coonamble.

Note: where N5 applies, N4 also applies
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8.5. Summary of strategies to address risk

A summary of strategies is presented in Table 8-7 to complement the consolidated risk table. Hydrology components used in this risk assessment and the EWR

references from Macquarie Long-term Water Plan Technical Report (OEH 2018b) are provided where relevant in the ‘relevant risks column’.

This meets the

requirements of 10.41(2)(a) and 10.17(1). The listed strategies align with those used in the WRP, WSP, WQM Plan and LTWP objectives. Here, strategies are
described with associated actions and mechanisms for each risk and the relevant WRP and water quality objectives. The applicable risk treatment option is

included as well as links to relevant sections of the Basin Plan in order to streamline strategy assessment. For more information refer to the document map.

Table 8-8 contains a list of abbreviations used in Table 8-7.

Note: The following table contains all relevant strategies and mechanisms including elements such as sections of the WM Act and trade rules that may not be

accreditable. Refer to the WRP for the accreditation status of these strategies and mechanisms

Note: Red shaded boxes indicate elements of the table that cannot be completed until additional information becomes available.

Table 8-7. Summary of strategies to address risk

Strategies

Water management actions and

mechanisms / supporting activities

Associated management plan or
instrument

Relevant
risks & EWR
ref

Relevant
BP
clauses

Relevant
objectives

Limit consumptive water
extractions in the WRP area to the
predefined share of available water.

This strategy reserves a share of
water for the environment in order to
protect:

* native fish communities

* flow dependent vegetation
communities

*low flow macroinvertebrate
communities

* carbon and nutrient flow pathways

Reserve all water above the long-term
average annual extraction limit (LTAAEL)
for the environment as PEW (defined and
managed by the listed WSPs).

Bl Available Water Determinations
(AWD) adjust extractive use according to
water availability.

Sustainable Diversion Limits

Water Sharing Plan for the
Macquarie and Cudgegong
Regulated River Water Sources
2016

Water Sharing Plan for the
Macquarie Bogan Unregulated
Water Sources 2012

Water Sharing plan for the
Castlereagh River Unregulated and
Alluvial Water Sources 2011

Macquarie-Castlereagh water
resource plan

E(W)

Z, BF, F,
BKF1.5,
0B2.5, OB5

EWR ref.

LTWP CTF,
LTWP VLF,
LTWP BF1,
LTWP BF2,
LTWP SF1,
LTWP SF2
LTWP SF3,

4.03(3)
(a)(iii)
(a)(iv)

(c)

(f)

Ch. 10 Part
3, Part 8
Part 10

WSP 1-14
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Strategies

Water management actions and
mechanisms / supporting activities

Associated management plan or
instrument

Relevant Relevant
risks & EWR BP

ref clauses

Relevant
objectives

* flow dependent frog communities
* significant in-stream refuge pools,
lagoons, and wetlands.

Require all take to be licensed except
for BLR or where a policy indicates
otherwise.

Extraction limits for individual
extractors and associated accounting
provisions to manage extraction at the

extraction point.

Water Sharing Plan for the
Macquarie and Cudgegong
Regulated River Water Sources
2016

Water Sharing Plan for the
Macquarie Bogan Unregulated
Water Sources 2012

Water Sharing plan for the

Castlereagh River Unregulated and
Alluvial Water Sources 2011

LTWP LF1,
LTWP LF2,
LTWP
OBWS1,
LTWP
OBWS2,
LTWP OBWS3
LTWP OBWS4
LTWP OBWM,
LTWP OBWL

Compliance with individual extraction

limits

W ater Take Measurement and
Metering Policy

Trade limits or prohibitions between
surface water plan areas, water sources,
and management zones to manage
entittement growth.

Prohibit trade between surface water

and groundwater sources.

Water Sharing Plan for the
Macquarie and Cudgegong
Regulated River Water Sources
2016

Water Sharing Plan for the
Macquarie Bogan Unregulated
Water Sources 2012

Water Sharing plan for the
Castlereagh River Unregulated and
Alluvial Water Sources 2011
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Strategies

Water management actions and
mechanisms / supporting activities

Associated management plan or

instrument

Relevant
risks & EWR
ref

Relevant
BP
clauses

Relevant
objectives

Protect a portion of high flow Supplementary access to Water Sharing Plan for the E(W) 4.03(3) WSP
events in the Macquarie-Castlereagh natural flow events limited as per the WSP Mvauarie and Cudgegong F, BKF1.5, (a)(i) 1,2,3,5
WRP area. for the Macquarie and Cudgegong Regulated River Water Sources 0B2.5, OB5 (a)(ii) WQ 3,4
This strategy reserves a share of Regulated Water Sources 2016. (E06 2016 E(WOQ) (a)(iv)

high flows for the environment and Cudgegong rules, EO7 Macquarie rules) turbidity, TP, (c)

aims to: Planned Environmental Water TN, dissolved (d)

* wet benches, banks, wetlands and (Translucent) releases from Windamere oxygen Ch. 10 Part
floodplains, and recharge shallow Dam (to be repealed) EWR ref., 6 Part 7

groundwater lenses to facilitate Planned Environmental Water Sub LTWP SF1,

vegetation growth and recruitment Allowance 1 Translucent releases from LTWP SF2

and provide fish and frog habitat, Burrendong Dam LTWP SF3,

* facilitate the mobilisation of carbon 3 LTWP LE1

and nutrients from river benches and Protection of Environmental Water Water Sharing Plan for the LTWP |_|:2’

floodplains, and facilitate deposition Allowance released from Burrendong Dam Macquarie and CUdgegong LTWP ’

into lowland streams and floodplains, Regmated River Water Sources OBWS1

* Facilitate fish recruitment and 2016 LTWP ‘

movement, OBWS2,

* allow flows to pass through to the LTWP OBWS3

Barwon-Darling Watercourse WRP LTWP OBWS4

(SW12) area. This strategy provides LTWP OBW M,

connectivity between WRP areas and LTWP OBWL

facilitates fish movement and

recruitment.

3 Provide discretionary Strategic use of environmental water Water Sharing Plan for the E(W) 4.03(3) WSP
environmental watering events in the allowance Sub Allowance 2 Active as Macquarie and Cudgegong Z, BF, F, (a)(i) 1,2,3,5
regulated river and downstream directed by Environmental Flows Reference Regulated River Water Sources BKF1.5, (a)(ii) WQ 4,5, 6
unregulated river sections of the Group. 2016 OB2.5, OB5 (a)(iv)

WRP area. (c)

E(WQ) TP TN
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X X Relevant Relevant
. Water management actions and Associated management plan or . Relevant
Strategies . . L . risks & EWR BP . 5
mechanisms / supporting activities instrument objectives
ref clauses
This strategy offsets some effects of Strategic use of environmental water Water Sharing Plan for the EWR ref. Ch. 10 Part
river regulation on the environment allowance Sub Allowance 2 Active as Macquarie and Cudgegong LTWP CTF, 6 Part 7
and aims to: directed by Environmental Flows Reference Regulated River Water Sources LTWP VLF,
* protect refuge pools during dry Group. 2016 LTWP BF1,
periods, . . . . LTWP BF2,
- i : Strategic use of environmental water Macquarie Annual Environmental
* facilitate fish recruitment and LTWP SF1,
allowance (EWA) (and relevant held W ater Plans
movement, ) cal water Ii ded b LTWP SF2
environmental water licences) as guide i
* wet benches, banks and wetlands the LTW P ) 9 y Macquarie Long Term Water Plan LTWP SF3,
e .
to facilitate vegetation growth and LTWP LF1,
recruitment, Environmental Water Allowance from LTWP LF2,
* mobilise carbon and nutrients from Windamere Dam for Cudgegong system LTWP
channels, river benches and OBWS1,
wetlands in the Macquarie regulated LTWP
water source, OBWS2,
*reduce prolonged accumulation of LTWP OBWS3
organic material on floodplains, LTWP OBWS4
LTWP OBWM,
LTWP OBWL
4 Manage environmental water to EFNEEA Supplementary access to natural Water Sharing Plan for the E(W) 4.03(3) WSP 1,2,3,5
meet flow targets specified in the flow events limited as per the WSP for the Macquarie and Cudgegong Z, BF, F, (a)(i)
Macquarie LTWP. Macquarie and Cudgegong Regulated Regulated River Water Sources BKF1.5, OB2.5, (a)(iv)
0BS5S (c)
This strategy aims to improve W ater Sources 2016. (E06 Cudgegong 2016 . f ch 1o e
i ref. . art
environmental water management in rules, E0O7 Macquarie rules)
LTWP CTF, 6
the WRP area. LTWP VLF,
Coordinate release of environmental Water Sha”ng Plan for the ::Iaz zi;
water allowance (EWA) and held Macquarie and Cudgegong Crwe ars
environmental water with natural flow Regulated River Water Sources LTwp SF2’
events. 2016 LTWP SF3,
) LTWP LF1,
Macquarie Annual LTWP LF2,
Environmental Water Plans LTWP OBWS1,
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Strategies

Water management actions and
mechanisms / supporting activities

Associated management plan or
instrument

Relevant
risks & EWR

Relevant
BP

Relevant
objectives

Strategic use of the environmental
portion of supplementary flow events to
manage environmental outcomes within the
lower portions of the Macquarie-
Castlereagh WRP as guided by the LTWP.

Environmental Water Allowance from
Windamere Dam for Cudgegong system

Water Sharing Plan for the
Macquarie and Cudgegong
Regulated River Water Sources
2016

Macquarie Long Term Water Plan

ref

LTWP OBWS2,

LTWP OBWS3
LTWP OBWSH4
LTWP OBWM,
LTWP OBWL

clauses

Protect low flow habitats from
accelerated rates of drying.

This strategy offsets impacts of water
extraction in rivers of the WRP area
and aims to:

* maintain surface water connectivity
and habitat variability,

* prevent accelerated rates of
deterioration in water quality,

* maintain surface/groundwater
connectivity where there is
groundwater-dependent riparian
vegetation.

Note: BLR replenishment flows may
provide incidental environmental
benefit in line with this strategy.

Cease /commence to pump rules for
streams.

Water Sharing Plan for the
Macquarie Bogan Unregulated
Water Sources 2012

Water Sharing plan for the
Castlereagh River Unregulated and
Alluvial Water Sources 2011

Strategic use of environmental water
allowance Sub Allowance 2 Active as
directed by Environmental Flows Reference
Group.

Macquarie Annual Environmental
W ater Plans

Strategic use of environmental water
allowance (EWA) (and relevant held
environmental water licences) as guided by
the LTWP.

Water Sharing Plan for the
Macquarie and Cudgegong
Regulated River Water Sources
2016

Macquarie Long Term Water Plan

Note: Complimentary groundwater actions
and mechanisms are identified in the
Macquarie-Castlereagh Alluvium Water
Resource Plan (GW11).

Macquarie-Castlereagh Alluvium
W ater Resource Plan (GW11)

E(W)

Z, BF, F
EWR ref.
LTWP CTF,
LTWP VLF,
LTWP BF1,
LTWP BF2,
LTWP SF1,
LTWP SF2
LTWP SF3

4.03(3)
(a)(i)

(a)(ii)
(a)(iv)

(c)

(d)

Ch. 10 Part
4, Part 6

WSP
1,2,3,5,6,7,
8,10,11,12,
13

wWQ 3, 4
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X X Relevant Relevant
e Water management actions and Associated management plan or el & EEIE T Relevant
. mechanisms / supporting activities instrument ; | objectives
re clauses
I Protect pools in streams, EFl Cease / commence to pump rules for Water Sharing Plan for the E(W) 4.03(3) WSP
wetlands, lagoons and floodplains streams. Macquarie Bogan Unregulated Z, BF, F (a)(i) 6,7,8,10,11,
within the WRP area during dry Efl Cease / commence to pump rules for Water Sources 2012 E(WQ) (a)(ii) 12,13
periods. in-stream and off-river pools. Water Sharing plan for the all (a)(iv) WQ 3, 4,5
This strategy offsets impacts of water Castl'ereagh River UnreQUIated and EWR ref. (c)
extraction from pools and aims to Alluvial Water Sources 2011 LTWP CTF, Ch. 10 Part
maintain natural rates of drying to . 4 Part 6
protect water quality, and px:ovgi’de while there is no visible flow at the Water Sharlng plan for the LTWP VLF, Part 7
refugial habitat for fish, frogs and location at which water is proposed to be Castlereagh River Unregulated and | LTWP BF1,
. taken, water must not be taken for any 24- Alluvial Water Sources 2011 LTWP BF2,
other water-dependent biota. . ] ] LTWP SF1,
hour period starting at 18:00 on an even-
numbered calendar day under an access LTWP SF2
licence that nominates a water supply work LTWP SF3,
(spearpoint) within the alluvial sand beds
Authorised in-river dam construction, Water Sharing Plan for the
operation, and passing flow requirements Macquarie Bogan Unregulated
as specified on the dam approval. Water Sources 2012
Provide specified replenishment flows Water Sharing plan for the
to refill pools or waterholes in effluent Castlereagh River Unregulated and
systems and provide water for stock and Alluvial Water Sources 2011
domestic purposes
I Protectimportant lagoons and Sl Cease / commence to pump rules for Water Sharing Plan for the E(W) 4.03(3) WSP
wetlands within the WRP area. streams. Mvauarie Bogan Unregulated Z, BF, F (a)(i) 6,7,8,10,11,
This strategy aims to limit extraction Cease /commence to pump rules for Water Sources 2012 E(WQ) (a)(ii) 12,13
induced declines in water quality and | in-stream and off-river pools. Water Sharing plan for the all (a)(iv) wWQ 3, 4
it . i c
condition of: EEEAR estrict construction of in-river dams CaStI_ereagh River Unregulated and | ¢\ g ref. )
* wetlands listed under the Ramsar on 3rd order or higher streams. Alluvial Water Sources 2011 LTWP CTF, Ch 10 Part
Convention and other significant 4 Part 6
) g EWTrade limits or prohibitions between LTWP VLF,
wetlands and lagoons in the lower surface water blan areas. water SouUrces LTWP BF1, Part 7
ortion of the WRP area. P ' '
P and management zones to manage LTWP BF2,
entitltement growth. LTWP SF1,
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Strategies

Water management actions and
mechanisms / supporting activities

Associated management plan or
instrument

Relevant
risks & EWR
ref

Relevant
BP
clauses

Relevant
objectives

W hile there is no visible flow at the
location at which water is proposed to be
taken, water must not be taken for any 24-
hour period starting at 18:00 on an even-
numbered calendar day under an access
licence that nominates a water supply work
(spearpoint) within the alluvial sand beds

Water Sharing plan for the
Castlereagh River Unregulated and
Alluvial Water Sources 2011

LTWP SF2
LTWP SF3,
LTWP OBWS1

Bl Protect the connectivity between EFEll Cease / commence to pump rules for Water Sharing Plan for the E(W) 4.03(3) WSP 10
the regulated water source and streams Macquarie Bogan Unregulated Z, BF, F (a)(i)
downstream connected unregulated Water Sources 2012 EWR ref. (a)(iv)
water sources of the WRP area. Water Sharing p|an for the LTWP CTF, (c)
This strategy aims to optimise Castlereagh River Unregulated and | Ltwp vLF, (d)
environmental water delivery to the Alluvial Water Sources 2011 LTWP BF1, Ch. 10 Part
g:riiqnugair;:edtnyasrzzzznasndb;r:zs?:ii;nl:gn Protection of Environmental Water Water Sharing Plan for the t:ag 2ii 6
extraction of low flows. Allowance released from Burrendong Dam Macquarie Bogan Unregulated LTWP SF2

through unregulated water sources in lower Water Sources 2012 LTWP SF3

Macquarie system.

Protection of flows 500ML/d or less in

the Lower Macquarie River Upstream

Management Zone in the Lower Macquarie

River Water Source
Bl Protect tributary flows within the Cease /commence to pump rules for Water Sharing Plan for the E(W) 4.03(3) wsp
WRP area as they move from the streams. Macquarie Bogan Unregulated Z, BF (a) (i) 1,2,3,5,8,10,
unregulated water source into the Water Sources 2012 E(WQ-CWP) (a)(ii) 13
regulated river water source. Supplementary access to natural Water Sharing Plan for the EWR ref. (a)(iv) WQ 3,4,5
This strategy protects connectivity flow events limited as per the WSP for the Macquarie and Cudgegong LTWP CTF, (e)
within the WRP area and facilitates: Macquarie and Cudgegong Regulated Water Regu|ated River Water Sources LTWP VLF, Ch. 10 Part
* fish dispersal and carbon and Sources 2016. (E06 Cudgegong rules, E07 2016 LTWP BF1, 6 Part 7
nutrient transport, Macquarie rules) LTWP BE2
* facilitate thermal mixing in the LTWP SFl’
Macquarie and Cudgegong LTWP SF2’
Regulated River Water Sources. LTWP SF3
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X X Relevant Relevant
. Water management actions and Associated management plan or . Relevant
Strategies . . L . risks & EWR BP . 5
mechanisms / supporting activities instrument objectives
ref clauses

Protect the regulated river Rates of change to storage release Water Sharing Plan for the E(WQ) 4.03(3) WSP 4
sections of the WRP area from rapid protocol. Macquarie and Cudgegong Turbidity (a)(ii) wQ 2
increases and decreases in flow Regulated River Water Sources (a)(iv)
following releases from Windamere 2016 (c)
and Burrendong Dams. WaterNSW Burrendong and Ch. 10 Part
This strategy protects the integrity of Windamere Dams Water Supply 7
river banks and assists in the Work Approvals
management of suspended sediment
loads.
Windamere and Burrendong Supplementary access to Water Sharing Plan for the E(WQ-S) 4.03(3) WSP 4
Dams release strategies contribute natural flow events limited as per the WSP Macquarie and Cudgegong E(WQ-CWP) (a)(i) WQ 2,5, 6
towards the maintenance of water for the Macquarie and Cudgegong Regulated River Water Sources E(WQ) (a)(ii)
quality within the regulated sections Regulated Water Sources 2016. (E06 2016 (a)(iv)
of the WRP area. Cudgegong rules, EO7 Macquarie rules) (c)

i i iti - (d)
This strategy aims to mitigate the Strategic use of environmental water Water Sharing Plan for the
following water quality impacts of allowance Sub Allowance 2 Active as Macquarie and Cudgegong Ch. 10 Part
river regulation and flow regime 6 Part 7

alteration:

* minimise the risk of cold or warm
water thermal shock,

*reduce the risk of CWP or poor WQ

directed by Environmental Flows Reference
Group.

Regulated River Water Sources
2016

Macquarie Annual Environmental
W ater Plans

Strategic use of environmental water
allowance (EWA) (and relevant held
environmental water licences) as guided by
the LTWP.

Macquarie Long Term Water Plan

Manage water releases from the
variable offtake at Windamere Dam to
ensure releases are more closely match

natural river ambient temperatures.

Repair and operate thermal curtain at
Burrendong Dam to ensure water releases
more closely match natural river ambient

temperatures

NSW Cold Water Pollution Strategy

WaterNSW Windamere Dam W ater
Supply Work Approval

WaterNSW Burrendong Dam W ater
Supply Work Approval
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X X Relevant Relevant
. Water management actions and Associated management plan or . Relevant
Strategies . . L . risks & EWR BP . 5
mechanisms / supporting activities instrument objectives
ref clauses
FBEl mplement the WQM Plan for the | Refer to the WQM Plan for detailed listing. W ater Quality Management Plan for | E(WQ-S) 4.03(3) WSP
WRP area. Note: actions and mechanisms are relevant the Macquarie-Castlereagh WRP E(WQ-CWP) (a)(ii) 4,9,13
to the WRP are listed in previous strategies. area
p 9 E(WQ) Ch. 10 Part | WQ 1, 2, 3,
Basin Salinity Management 7 4,5, 6,7, 8
O(WQ-BGA)
Strategy
Protect stream flow from Require farm dams with a capacity Water Sharing Plan for the E(I-FD) 4.03(3) N/A
reduced runoff attributable to farm above the maximum harvestable right dam Macquarie Bogan Unregulated O(I-ED) (a)(iv)
dam interception. capacity (MHRDC) to be licensed and Water Sources 2012 (c)
This strategy aims to reduce impacts comply with extraction limits as described in Water Sharing plan for the (h) ()
on the health of rivers and on other strategy 1. Castlereagh River Unregulated and Ch. 10 Part
consumptive water users. Alluvial Water Sources 2011 5
Harvestable Rights Policy
(commenced 1999)
NSW Government Gazette 40
dated 31 March 2006
Protect stream flow from Plantation forestry interception is Plantation Forestry Policy E(I-PF) 4.03(3) N/A
reduced runoff attributable to considered low risk therefore no Plantations and Reafforestation Act O(I-PF) (a)(iv)
plantation forestry interception. mechanisms have been implemented under 1999 (PRA) (c)
This strategy aims to reduce impacts the WM Act. Plantations and Reafforestation (M)
on the health of rivers and on other Ongoing risk monitoring to determine (Code) Regulation 2001 Ch. 10 Part
ti t . . : 5
consumptive water users impact of future expansion of forest Macquarie Monitoring, Evaluation
plantations at local and regional scales. and Reporting Plan
Protect the environment and water Reserve all water above the long-term Water Sharlng Plan for the Macquarle E(CC) 4.03(3) N/A
users from changes in flow attributable to | ayerage annual extraction limit (LTAAEL) and Cudgegong Regulated River Water o(ce) (a)(iv)
climate change. for the environment as PEW (defined and Sources 2016 (c)
This strategy aims to reduce impacts on managed by the listed WSPs). Water Sharing Plan for the Macquarie (g)(iii)
the health of rivers and on other Available Water Determinations (AW D) (h) (i)

consumptive water users.

Note: significant volumes of held

adjust extractive use according to water
availability.

Bogan Unregulated Water Sources
2012

Water Sharing plan for the

Ch. 10 Part
3
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Strategies

Water management actions and

mechanisms / supporting activities

Associated management plan or
instrument

Relevant
risks & EWR
ref

Relevant
BP

clauses

Relevant
objectives

environmental water may offset
climate change impacts under the
median scenario.

Sustainable Diversion Limits.

Castlereagh River Unregulated and
Alluvial Water Sources 2011

Macquarie-Castlereagh water
resource plan

Note: No further climate change
strategy has been identified beyond
the SDL in this document.

Protect the environment from
changes in flow attributable to growth
in BLR extractive use.

This strategy aims to reduce impacts
on the health of rivers.

Reserve all water above the long-term
average annual extraction limit (LTAAEL)
for the environment as PEW (defined and
managed by the listed WSPs).

EFl Available Water Determinations (AW D)
adjust extractive use according to water
availability.

Water Sharing Plan for the
Macquarie and Cudgegong
Regulated River Water Sources
2016

Water Sharing Plan for the
Macquarie Bogan Unregulated
Water Sources 2012

Water Sharing plan for the
Castlereagh River Unregulated and
Alluvial Water Sources 2011

E(BLR)

EWR ref.
LTWP CTF,
LTWP VLF,

Sustainable Diversion Limits

Macquarie-Castlereagh water
resource plan

Minister may limit growth in BLR when
a land holding is subdivided and there is
high hydrological stress on the river or
aquifer.

Note: this mechanism is not currently
applied in the Macquarie-Castlereagh
WRPA

Water Management Act 2000
s.52(2)

4.03(3)
(a)(iv)

(c)

h(ii)

Ch 10 Part
3

N/A
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Strategies

Water management actions and
mechanisms / supporting activities

Associated management plan or
instrument

Relevant
risks & EWR
ref

Relevant
BP
clauses

Relevant
objectives

Protect the other water users
from changes in flow attributable to
growth in BLR extractive use.

This strategy aims to reduce impacts
on other consumptive water users.

Note: BLR are established and
controlled through the WMA and are
recognised in WSPs. Control
mechanisms are only applied when
required, related mechanism are not
currently active in the Macquarie-
Castlereagh WRPA

Minister may restrict BLR access
through the establishment of mandatory
guidelines

Note: this mechanism is not currently
applied in the Macquarie-Castlereagh
WRPA

Water Management Act 2000
5.336B

O(BLR)

Minister may temporarily restrict
access where itis in the public interest to
do so.

Note: this mechanism is not currently
applied in the Macquarie-Castlereagh
WRPA

Water Management Act 2000
$.324(1)

Minister may direct landholder
accessing BLR to not waste or improperly
use water

Note: this mechanism is not currently
applied in the Macquarie-Castlereagh
WRPA.

Water Management Act 2000 s.325

Minister may limit growth in BLR when
a land holding is subdivided and there is
high hydrological stress on the river or
aquifer.

Note: this mechanism is not currently
applied in the Macquarie-Castlereagh
WRPA

Water Management Act 2000
s.52(2)

4.03(3)
(a)(iv)

(c)

(d)

h(ii)

Ch. 10 Part
3

N/A
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) Water management actions and Associated management plan or R-elevant Relevant Relevant
Strategies . . L . risks & EWR BP . 5
mechanisms / supporting activities = instrument objectives
o ref clauses
Bl mprove knowledge to assess Projects resulting from application of Macquarie Monitoring, Evaluation E(W) 4.03(3) N/A
risk in unregulated sections of the risk treatment option C Fill knowledge gap / and Reporting Plan unregulated (c)
WRP area. evaluate effectiveness of existing Z, BF, F
strategies. EWR ref.
Note: It is expected there will be ongoing LTWP CTF,
monitoring to determine current extraction c LTWP VLF,
in the unregulated water sources of the LTWP BFL,
WRP area resulting in a dataset that can be LTWP BF2,
used to assess and monitor the likelihood LTWP SF1,
component of relevant risks. LTWP SF2
LTWP SF3,
Il improve knowledge of Reviews resulting from application of Macquarie Monitoring, Evaluation E(W) 4.03(3) N/A
effectiveness of existing strategies. risk treatment option B Fill knowledge gap / and Reporting Plan. unregulated (b)
evaluate effectiveness of existing Z, BF, F (c)
strategies. EWR ref. (e)
LTWP CTF, (9)
B LTWP VLF,
LTWP BF1,
LTWP BF2,
LTWP SF1,
LTWP SF2
LTWP SF3,
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Table 8-8. Abbreviations used in Table 8-7

Abbreviation Explanation

RTO Risk treatment option refer Figure 8-1

Existing action / mechanism / supporting activity

New or modified action / mechanism / supporting activity

E(W) Risks to water available for the environment due to river regulation and licensed extraction
(regulated and unregulated)

E(BLR) Risks to water available for the environment from extraction by basic landholder rights (unregulated)

E(I-FD) Risk to water available for the environment from interception activities (farm dams) (regulated and
unregulated)

E(I-PF) Risk to water available for the environment from interception activities (plantation forestry)
(regulated)

E(CC) Risk to water available for the environment due to climate change (regulated)

E(WQ-CWP) Risk to the health of water-dependent ecosystems from poor water quality (cold water pollution)

E(WQ) Risl)< to the health of water-dependent ecosystems from poor water quality (TP, TN, pH, Turbidity,
DO

E(WQ-S) Risk to the health of water-dependent ecosystems from poor water quality (in-stream salinity)

O(WQ-BGA) Risks to recreational water quality and human health from blue-green algae

O(I-FD) Risk to water available for other uses from interception activities (farm dams) (regulated rivers)

O(I-PF) Risk to water available for other uses from interception activities (plantation forestry) (regulated
rivers)

O(CC) Risk to water available for other uses from climate change (regulated rivers)

O(BLR) Risk to water available for other uses from growth in BLR (unregulated rivers)

E(W) Risks to water available for the environment due to river regulation and licensed extraction
(regulated and unregulated)

E(BLR) Risks to water available for the environment from extraction by basic landholder rights (unregulated)

z Zero flows

BF Base flows

F Fresh flows

BKF1.5 Bank full flows, average recurrence interval 1.5 years

OB2.5 Over bank flows, average recurrence interval 2.5 years

OB5 Over bank flows, average recurrence interval 5 years

LTWP CTF Cease-to-flow, no greater than modelled natural maximum inter-flow period (note LTWP flow
components do not provide definitions of percentiles or frequencies)

LTWP VLF Very-low flow, no greater than modelled natural maximum inter-flow period (note LTWP flow
components do not provide definitions of percentiles or frequencies)

LTWP BF1 Base Flow 2. Duration no less than natural, inter-flow period as required during dry periods

LTWP BF2 Base Flow 2. Duration in line with natural, 2-year maximum inter-flow period

LTWP SF1 Small Fresh 3. 10 days minimum, 1-year maximum inter-flow period.

LTWP SF2 Small Fresh 2. 14 days minimum, 2-year maximum inter-flow period.

LTWP SF3 Small Fresh 3. 14 days minimum, 4-year maximum inter-flow period.
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Abbreviation Explanation

LTWP LF1 Large Fresh 1. 5 days minimum, 2-year maximum inter-flow period.

LTWP LF2 Large Fresh 2. 5 days minimum, 4-year maximum inter-flow period.

LTWP OBWS1 | Overbank/Wetland Flow Small 1, in line with natural duration, 1- month maximum inter-flow period

LTWP OBWS2 | Overbank/Wetland Flow Small 2, 5 days minimum, 10 days minimum, 4-year maximum inter-flow
period.

LTWP OBWS3 | Overbank/Wetland Flow Small 3, 5 days minimum, 5-year maximum inter-flow period.

LTWP OBWS4 | Overbank/Wetland Flow Small 4, 3-8 months standing water, flows can be shorter. 2-year maximum
inter-flow period.

LTWP OBWM | Overbank/Wetland Flow Medium, 4-year maximum inter-flow period. Discretionary water delivery
seeks to avoid floodplain infrastructure and cultivated areas. Otherwise provided by tributary events
or flood mitigation releases

LTWP OBWL | Overbank/Wetland Flow Large, 5—10-year maximum inter-flow period. Overbank and wetland flows
of this size rely on large tributary events or flood mitigation zone releases

WSP 1 Regulated WSP  recorded distribution or extent of target ecological populations including native

fish and native vegetation

WSP 2 Regulated WSP  population structure of target ecological populations including native fish and

native vegetation communities

WSP 3 Regulated WSP  connectivity between water sources to support downstream processes including

priority carbon and nutrient pathways and priority fish passages

WSP 4 (WQ) Regulated WSP  water quality to support water-dependent ecosystems and ecosystem functions

within this water source

WSP 5 Regulated WSP  support environmental watering to contribute to the maintenance or

enhancement of ecological condition in streams, riparian zones, dependent
wetlands and floodplains within the water source

WSP 6 Unregulated the recorded distribution or extent of target ecological populations including
WSP native fish and native vegetation
(Macquarie
Bogan)

WSP 7 Unregulated the population structure of target ecological populations including native fish,
WSP native vegetation and low flow macroinvertebrate communities
(Macquarie
Bogan)

WSP 8 Unregulated protect, maintain and/or enhance the connectivity between these water sources
WSP and other water sources, including to support downstream processes including
(Macquarie priority carbon and nutrient pathways and priority fish passages
Bogan)

WSP 9 (WQ) Unregulated protect, maintain and/or enhance water quality to support water-dependent
WSP ecosystems and ecosystem functions within the water source
(Macquarie
Bogan)

WSP 10 Unregulated protect connectivity with the upstream Macquarie and Cudgegong Regulated
WSP River Water Sources to support environmental watering events that contribute to
(Macquarie the maintenance or enhancement of ecological condition within these water
Bogan) sources
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Abbreviation Explanation

WSP 11 Unregulated the recorded distribution or extent of target ecological populations including
WSP native fish and native vegetation
(Castlereagh)

WSP 12 Unregulated the population structure of target ecological populations including native fish
WSP native vegetation and low flow macroinvertebrate communities
(Castlereagh)

WSP 13 Unregulated protect, maintain and/or enhance the connectivity between these water sources
WSP and other water sources, including to support downstream processes including
(Castlereagh) priority carbon and nutrient pathways and priority fish passages

WSP 14 (WQ) | Unregulated protect, maintain and/or enhance water quality to support water-dependent
WSP ecosystems and ecosystem functions within the water source
(Castlereagh)

wQ 1 Protect, maintain or enhance water quality to ensure it is fit for purpose

WwQ 2 Manage water source salinity concentrations and salt mobilisation within Macquarie-Castlereagh
end-of-valley targets

wQ 3 Maintain turbidity, total nitrogen and total phosphorus within target ranges to minimise
eutrophication in the WRP Area

WwQ 4 Maintain dissolved oxygen and pH measurements within target ranges that support water-
dependent ecosystems

WQ 5 Maintain water temperature within the regulated Macquarie and Cudgegong Rivers within target
ranges that support water-dependent ecosystems

WQ 6 Manage the risk of harmful algal blooms in recreational use areas

wQ 7 Reduce the mobilisation of toxicants and pesticides

WwQ 8 Reduce contamination from pathogens into water sources

wQ 9 Protect, maintain or enhance connectivity between water sources to support downstream processes

including priority carbon and nutrient pathways
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Definitions

| Note: These definitions may change after alignment with other WRP document definitions is undertaken.

Access licence

Allocation

Aquatic ecosystems

Available water

Available water determination
(AWD)

Bank full events

Base flows

Basic landholder rights (BLR)

Blue-green algae
(cyanobacteria)

Cold water pollution
Consequence
Dissolved oxygen

Domestic consumption

Ecological value

Ecologically significant
components of the flow regime

Ecosystem

Ecosystem functions

Effluent

Endangered ecological
community

Eutrophication

Access licences allow the licence holder a share of the available water in the water
source. An access licence is separate from the approvals to use the water or to
construct and operate the works to extract the water e.g. pump, dam. Access licences
do not have to be renewed.

The volume of water assigned to water allocation accounts in a given season, defined
according to rules in the relevant water plan.

Ecosystems that are dependent on flows, or periodic or sustained
inundation/waterlogging for their ecological integrity. Examples include wetlands,
rivers, karst and other groundwater-dependent ecosystems, saltmarshes, estuaries
and areas of marine water not exceeding 6 m deep at low tide.

In relation to a water management area or water source, is the water that is available in
that area or water source in accordance with an available water determination that is in
force in respect of that area or water source.

A determination referred to in section 59 of the Water Management Act 2000 that
defines the proportion of the share component that will be available for extraction under
each category of water access licence.

Reshapes the channel, creating habitats such as pools, bars and benches. Also called
High Flows.

Flows that are confined to the lower part of the channel and are also often called low
flows. These flows are between pools and riffle areas between pools.

Domestic and stock rights, harvestable rights or native title rights.

A type of microscopic, algae-like bacteria that inhabit freshwater, coastal and marine
waters. Some species are known to produce toxins which are harmful to humans and
livestock.

An artificial decrease in the temperature of water in a natural river.
The loss of value for an impacted receptor
Concentration of oxygen dissolved in water.

In relation to land means consumption for normal household purposes in domestic
premises on the land.

The perceived importance of an ecosystem which is underpinned by the biotic and/or
abiotic components and processes that characterise that ecosystem.

Comprise of cease to flow periods, base flows (low flows), freshes, bank full flows and
over bank flows.

A specific composition of animals and plants that interact with one another and their
environment.

The processes that occur between organisms and within and between populations and
communities. They include interactions with the nonliving environment that result in
existing ecosystems and bring about dynamism through changes in ecosystems over
time.

An effluent stream is one which leaves the main river and does not return.

Ecological communities as listed in Schedule 1 of the Threatened Species
Conservation Act 1995 or Schedule 4 of the Fisheries Management Act 1994.

The process where an accumulation of nutrients in water bodies leads to rapid growth
of aquatic plants.
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Farm dams

Floodplain harvesting dams

Freshes

Groundwater-dependent
ecosystems

High Flows

Indices

In-stream Value
Interception

Key Environmental Asset

Likelihood

Long term average annual
extraction limit

Low flows

Macro water sharing plans

Management zones

Metric

Nitrogen and phosphorous
Operational constraints

Over bank flows

Pools

Reference condition

Private dams that are used to intercept catchment runoff that would otherwise
contributed to streamflow or recharge of aquifers. For this risk assessment they are
predominantly hillside dams. It does not include floodplain harvesting dams.

Are often entirely encircled by embankments and rely mainly on pumped diversions
during episodic flushes or overland flow. Prevalent in southern Queensland and
northern NSW.

Larger flows that inundate the sides of the banks and any in-channel benches that may
be present.

Ecosystems that require access to groundwater to meet all or some of their water
requirements so as to maintain their communities of plants and animals, ecological
processes and ecosystem services.

Reshapes the channel, creating habitats such as pools, bars and benches. Also called
bank full events.

Metrics are combined as indicators and indicators are combined as indices.

Ecological condition value of river reaches based upon High Ecological Value Aquatic
Ecosystems (HEVAE). In NSW HEVAE was calculated using the 4 criteria:
distinctiveness, diversity, naturalness and vital habitat.

Occurs when flows or surface or groundwater are stopped, reduced or redirected.

Better studied key environmental assets identified across the Murray—Darling Basin
with significant and representative high-flow requirements.

The probability that a cause will result in a threat. It is not an indication of the size of
the threat, but rather conveys the probability that the threat will be significant.

The target for total extractions (under all water access licences plus an estimate of
basic landholder rights within an EMU or water source) which is used to assess
whether growth in extractions has occurred.

Flows that are confined to the lower part of the channel and are also often called base
flows. These flows are between pools and riffle areas between pools. Generally
defined as the 80™ percentile flow.

Water sharing plans that apply to a number of water sources across catchments or
different types of aquifers. The macro planning process is designed to develop broader
scale water sharing plans covering most of the remaining water sources in NSW.

An area within a water source used for defining the location and applicability of water
sharing rules, but secondary to the water source. A management zone is more likely to
be designated where local dealing restrictions are in place or where ‘cease to pump’
(CtP) rules for works approvals apply.

A numerical comparison of an observed variable and its value expected under
reference condition.

Chemical nutrients essential for growth and added to many fertilisers.
Existing infrastructure systems that may preclude the delivery of certain flows.

Connect the river to floodplain and wetlands allowing the exchange of nutrients and
sediment to these areas.

Lentic water bodies (standing water), including anything falling within the definition of a
“lake” found in the Dictionary of the Water Management Act 2000, except for tidal pools
and estuaries.

Is the benchmark against which the health of the ecosystem metric is assessed.
Reference condition describes the patterns and processes that would be expected to
prevail without substantial human intervention. A reference condition is not a target or
an implied objective for management but is merely representing the river ecosystem in
a definitive state of good health.
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Regulated river

Replenishment flows

Salinity

SDL resource unit

Seasonality

Stock watering

Stratification

Supplementary water

Trade zones

Water access entitlement

Water sources

Gazetted under the NSW Water Management Act 2000 and is a river where
downstream flows are regulated by a major state-owned storage or dam to supply
irrigation water.

Flows provided along effluent systems to supply water for household, town use and
stock.

The concentration of sodium chloride or other dissolved minerals in water, usually
expressed in EC units or milligrams of total dissolved solids per litre. Conversion factor
is 0.64 mg/l TDS = 1000 yS/cm =1 dS/m.

Means the water sources, or particular parts of the water resources, of a water
resource plan area that is either a surface water SDL resource unit or groundwater
SDL resource unit.

The timing of flooding and low flow events.

The watering of stock animals being raised on the land but does not include water in
connection with the raising of stock animals on an intensive commercial basis that are
housed or kept in feedlots or buildings for all (or a substantial part) of the period during
which the stock animals are being raised.

The formation of separate water layers.

Formerly known as off-allocation water, this is surplus flow resulting from storm events
that cannot be captured in storages or weirs. When the water is not needed to meet
current demands or commitments, then it is considered surplus to requirements and a
period of Supplementary Access is announced. Supplementary Water Access Licence
holders can only pump water against these licences during these announced periods.
Other categories of licence holders may also pump water during these periods.

A trading zone represents a portion of a water source which may then be specified so
that trading rules can be applied, if required.

A water product issued under the Water Management Act 2000.

Under the Water Management Act 2000, is defined as the whole or any part of: (a) one
or more rivers, lakes or estuaries, or (b) one or more places where water occurs on or
below the surface of the ground (including overland flow water flowing over or lying
there for the time being), and includes the coastal waters of the State.

Water sources are used to define where water sharing rules apply
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Metric

Data description

Report reference Relevant risk #

Table A-1. Summary of data used for the Macquarie-Castlereagh water resource plan area risk assessment

Data source/s

Reference

Time period

:
§

g

Reasoning

water sources

2800 GL reduction

Basin Plan The MDBA not listed (generic background information 1. Relevant Position Statements (PS) for the https://www.mdba.gov.au/publications/pol | Not <L | Position statements are designed to assist in the
requirements | provides a number logic to the RA) development of a Risk Assessment include icies-guidelines/water-resource-plans- Applicable 2 development of water resource plans by the Basin
of Position but are not limited to: what-they-are-how-they-are-developed (N/A) states.
Statements (PS) PS 1B, 4A, 5A, 6A, 7B, 9A, 9B, 12A
that provide
guidance material
Hydrological Flow Metrics 4.3.1 (Regulated river | E(W) 1. MDBA 2012. I—Wong:rmobllngio nfom Regulated River Hydrologic Sites: July 1895 to Peer reviewed MDBA (MDBA 2012) & Alluvium
modelling - (hydrological water source) E meprqoosedem-nalmbam Cudgegong River at Rocky Water Hole June 2009 § (2010) reports. The models provide a tool to apply
regulated alteration): resuts. Murray—Darling Basin Authority, Cudgegong River at Yamble Bridge new management of water resources across a
river 2800 GL reduction g Canberra, ACT. Macquarie River downstream longer period to see how the new arrangements
scenario (MDBA 2. Alluvium (2010) Key ecosystem functions Burrendong Dam would work under different water availability
2012) and their environmental water requirements. Macquarie River at Geurie conditions.
against near- Report by Alluvium for Murray—Darling Basin Macquarie River at Dubbo For the Basin Plan, the proposed new arrangements
natural condition Authority, Canberra, ACT. Macquarie River at Narromine have been applied to the historical climate period of
scenario 3. Regulated River Sites: NSW Department of | Macquarie River at Gin Gin July 1895 to June 2009, which covers periods of
Industry IQQM (Integrated Quantity Quality Macquarie River at Warren Weir drought as well as floods.
Model) used for both MDBA & NSW Macquarie River downstream Marebone A detailed description for the development of
Department of Industry sites. _ wer _ environmental watering requirements for key
4. MDBA modelling report appendix - 2800 GL | Macquarie River at Oxley Station ecosystem functions and the basis for adopting the
scenario - 847 Gunningbah Creek below regulator flow metrics can be found in 'Attachment C
Gunningbah Creek downstream Technical Paper-3' (pp.90-134) in Alluvium (2010).
Gunningbah Weir
Duck Creek at Offtake
Crooked Creek at Profile
Duck Creek upstream Bogan River
junction
Bulgeraga Creek at Pillicawarrina
Hydrological Flow Metrics 4.3.1 (Unregulated E(W) 1. Unregulated water sources: single reach Unregulated River hydrologic Sites: July 1895 to The assessment assumes all entitlement is active,
modelling - (hydrological water sources) g NSW Department of Industry IQQM. Bell River, Bulbodney-Grahway Creek June 2009 whereas this is unlikely to be the case.
unregulated alteration): g system, Burrendong Dam Storage The method assumes the worst case scenario and

scenario (MDBA
2012)

against near-
natural condition
scenario

Tributaries, Campbells River, Coolbaggie
Creek system, Cooyal Wialdra Creek
System, Fish River, Goolma Creek,
Lawson's Creek, Little River, Lower
Bogan River

Lower Macquarie River, Lower Talbragar
River, Macquarie River above
Burrendong, Marra Creek system,
Marthaguy Creek, Maryvale-Geurie,
Molong Creek & Tributaries, Piambong
Creek, Pipeclay Creek, Queen Charlottes
Vale Creek/Evans Plains Creek,
Summerhill Creek, Turon/Crudine, Upper
Bogan catchment, Upper Cudgegong
River above Windamere, Upper
Talbragar/Goolaburra-Gundy River,
Wambangalong Whylandra System,
Winburndale Rivulet, Castlereagh River
Binnaway-Gilgandra, Castlereagh River
above Binnaway, Castlereagh River
below Coonamble, Castlereagh River
Gilgandra-Coonamble, Nedgera Creek
System, Teridgerie Creek System,
Tooraweenah Gulargambone Tributaries.

therefore likelihood may be overemphasised.
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Metric

basic
landholder
rights -
unregulated
water sources

Data description

Based on dividing
the 80th percentile
flow (for all days)
for each water
source by the
estimated BLR.

Report reference

44.1

Relevant risk #

E(BLR)

Lielihood

Data source/s

1. Unregulated water sources: single reach
NSW Department of Industry IQQM.

2. Basic landholder rights for NSW:
Estimations of stock & domestic rights Dept of
Water & Energy, September 2009.

3. NSW Office of Water (2011), Macro water
sharing plans - the approach for unregulated
rivers. A report to assist community
consultation, 2nd edition. Published by the
NSW Office of Water, August 2011, ISBN 978
0 7371 3917

Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

:
§

Reference

Unregulated River hydrologic Sites:
Backwater-Boggy Creek, Bell River,
Bulbodney-Grahway Creek system,
Burrendong Dam Storage Tributaries,
Campbells River, Coolbaggie Creek
system, Cooyal Wialdra Creek System,
Ewenmar Creek system, Fish River,
Goolma Creek, Lawson's Creek, Little
River, Lower Bogan River

Lower Macquarie River, Lower Talbragar
River, Macquarie River above
Burrendong, Marra Creek system,
Marthaguy Creek, Maryvale-Geurie,
Molong Creek & Tributaries, Piambong
Creek, Pipeclay Creek, Queen Charlottes
Vale Creek/Evans Plains Creek,
Summerhill Creek, Turon/Crudine, Upper
Bogan catchment, Upper Cudgegong
River above Windamere, Upper
Talbragar/Goolaburra-Gundy River,
Wambangalong Whylandra System,
Winburndale Rivulet, Castlereagh River
Binnaway-Gilgandra, Castlereagh River
above Binnaway, Castlereagh River
below Coonamble, Castlereagh River
Gilgandra-Coonamble, Nedgera Creek
System, Teridgerie Creek System,
Tooraweenah Gulargambone Tributaries.

Time period

g

Lon/Modkerate

Reasoning

Low confidence level: some water sources had
insufficient or no data. Moderate confidence: BLR
usage figures are estimates only: i.e., all
entitlements are assumed to be active. Method
needs further testing across valleys.

A WRP must ensure that BLRs are maintained at
baseline diversion levels (generally set at the 30
June 2009 diversion limit) (MDBA 2017. Water
Compliance Review. ISBN (online): 978-1-925599-
55-8)
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Metric Data description Report reference Relevant risk # Data source/s Reference Time period Reasoning

4 | High HEVAE (high 4.2 1. HEVAE data based on the following 1. Healey et al. 2017. Draft Applying the Time periods -S) A. External Peer review by | How Consequence
ecological ecological value 4.2.3 E(W) sources: High Ecological Value Aquatic vary foreach | T | three independent Scores are derived:
value aquatic | aquatic ecosystem) | 4.3.3 E(BLR) Ecosystem (HEVAE) Framework to source: organisations and also Unregulated rivers,
ecosystems - Identifying 4.5.1.1 (Unregulated E(I-FD) Water Management Needs in NSW. DPI Examples for from NSW DPI-Fisheries. the scale of

environmental water sources) (Unregulated Water. June 2017. the following B. The Threatened Species | assessment was the
assets and water 2. Aquatic Ecosystems Task Group. criteria: Table below provides an Water Source. Each
ecosystems 5.3.1 (Regulated river | sources) 2012. Aquatic Ecosystems Toolkit ‘Diversity' example list of threatened was analysed
functions water source) E(WQ- Module 3: Guidelines for identifying high fish species species of the Macquarie- separately using the
5.4.1 CWP) ecological value aquatic ecosystems abundance Castlereagh Catchment. HEVAE layer, a
55.1 E(WQ) (HEVAE). Australian Government data covered This information is used in | licensing layer and
See also Appendix B: | E(WQ-S) Department of Sustainability, a 10-yr helping determine _ the regulated river
HEVAE alignment Environment, Water, Population and period: 2002 consequence outcomes in | layer (where
with Basin Plan Communities, Canberra. - 2011. the HEVAE process. regulated river is
Schedules 8 & 9 ‘Naturalness' excluded from water
v O macroinverte source);
?gr?se;(ilj)ér%eHsi\éﬁEg Table-1-Data-sources-used-in-each-of the-criteriaf ]E)rateldsgz Regl#ated river
e rom - reaches are
& decision tree Criterian Data-Sourcess : 2013. assessed separately,
] __ Aiver. R - For more using the same
Base-layer-in-all-criterian *~ River-Styles® (DPI-Watenfl information process and decision
*~» Geotapric.data- layer (BOM)T see Healey tree, but based on
*~+ IBRA- Subregions layer (OEH)= etal. 2017. individual reaches
Diversityn » - Fish-diversity-data- (DPI- Fisheries)-q] 5 centred on Hydrologic
* - AUSRIVAS- macroinvertebrate - data- (OEH)= Indicator sites.
Decision Tree:
Distinctivenesso «+ Threatened-species, -populations- and-communities- (recorded,- L
known-and-predicted-data)- (OEH-and-DPI-Fisheries)|] The decision tree
«» Rare-River-Styles® (DPI-Water)= pushes the user
through a series of
Vital-Habitats * - Riparian- Woody-Extent-raster-dataset- (DECC-2008)1 n questions about the
* = River-Styles® recovery-potential-(DPI-Water)= ecological value of
the Water Source,
Naturalnessu * -+ Hydrologic-stress-and-catchment- disturbance-(from-River- o] whether there is
Condition-Index)-(DPI-Water);- extraction in the
* - Matural-Parks- estate- (OEH)] Water Source, and
e &+ RAMSAR/DIWA/SEPP14- (Coastal)- (OEH) whether the HEVAE
-+ Observed/Expected-(O/E)-macroinvertebrate- data- (OEH)= result includes a high
Table-Al-within-Healey-et-al.-(2017)-also-provides-examples-of-primary-evidencefor-each-attribute- dIStI.nCtl.veness
within-a-HEVAE-Criteria-thatis-influenced/-associated-with-hydrological-flow.q mem.c (i.e. threa.tened
species, populations,
communities or rare
river styles)
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

:
§

Reference

Time period

g

Reasoning

Water Documented 5. Risks to health of E(WQ) 1. Schedule 11 of Basin Plan lists water Basin Plan 2012, Compilation No.2 (24 2010/11 - -8, The Basin States are required to report against
Quality procedures are water-dependent E(WQ-CWP) quality targets for water-dependent November 2(,)012 reeistered 23 January 2014/15 (5- T | these targets to the MDBA every five years. For this
stored in the ecosystems from E(WQ-S) ecosystems and Ramsar wetlands. 2017. water , Commonwealth. year period) reason, five years of water quality data was used in
Corporate Data poor water quality the Risk assessment, to be consisted with the
Quality System MDBA reporting requirement. All data are generated
(Scientific and according to documented procedures for collecting
Technical samples, providing quality control samples and the
Operating preservation and transport of samples as
Procedures; recommended in Australia Standard AS/NZS
STOP). 5667.1:1998 Water Quality Sampling. All
All laboratory procedures are based on, and comply with,
analysis recognised departmental and external standards to
undertaken at a ensure that the project delivers data of the highest
NATA accredited possible standard. HEVAE in-stream values used to
laboratory. determine impact of water quality on in-stream biota
All data was only at the reach scale (25-km upstream and
audited and downstream) and are therefore an approximation for
validated in the whole water source.
accordance with
documented
procedures.
Quality codes were
assigned and the
data archived in
the Corporate
Database
(KiWQM).
5 | Cold water Real-time gauge 5.3.2 E(WQ-CWP) 1. WaterNSW water quality monitoring @ Based on Real-time data and literature.
pollution based monitoring g stations.
g 2. Preece, R 2004, Cold water pollution below
dams in New South Wales, Department of
Infrastructure, Planning and Natural
Resources, Sydney.
3. Lugg 1999 Etemalwnter nour nvers.
Addressing the Issue of Cold\Weter Poliution.
NSW Fisheries, Nowra, NSW.
6 | Water quality | Routine real-time 5.4.2 E(WQ) 1. WaterNSW water quality monitoring stations | 421019 Cudgegong River at Yamble 2010/11 - -S) Based on Real-time data.
- pH, turbidity, | site based g Bridge 2014/15 (5- T
total sampling 421077 Macquarie River at u/s Spillway year period)
phosphorus & g Burrendong Dam
nitrogen, 42110101 Macquarie River at Molong
dissolved Rail Bridge
oxygen 421004 Macquarie River at
Warren42110171 Fish River at
Hazelgrove
42110170 Turon River at Bathurst Point
421025 Macquarie River at Bruinbun
421038 Cudgegong River at Rylstone
Bridge
421018 Bell River at Neurea
421176 Little River at Arthurville No. 2
421042 Talbragar River at Elong Elong
421011 Marthaguy Creek at Carinda*
421012 Macquarie River at Carinda
(Bells Bridge)
421023 Bogan River at Gongolgon
420004 Castlereagh River at Mendooran
Weir
7 | Levels of in- Real-time gauge 5.5.2 E(WQ-S) 1. WaterNSW water quality monitoring stations | End of valley target site: 2010/11 - -8., Based on Real-time data.
stream based monitoring g 421023 Bogan River at Gongolgon 2014/15 (5- T
salinity 421012 Macquarie River at Carinda year period)
g 420020 Castlereagh River at Gungalman
Bridge
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Relevant risk #

Data source/s
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Time period g Reasoning
85

Water quality 6. Risk to other water | O(WQ)
for other uses due to O(WQ-BGA)
uses unsuitable water
quality O(WQ-S)
8 Recorded Continuous real- 6.3.1 O(WQ-S) 1. WaterNSW water quality monitoring stations | 421127 Macquarie River at Baroona 2005/06 — ? Based on Real-time data.
mean daily time gauge based 2014/15.
electrical monitoring
conductivity
2005/06 —
2014/15
9 | Annual 95th Frequency that the | 6.3.2 o(wWQ-S) 1. WaterNSW water quality monitoring stations | 421127 Macquarie River at Baroona 2005/06 — § Based on Real-time data.
percentile of 95th percentile of 2014/15.
daily mean mean daily
electrical electrical g
conductivity conductivity
recorded exceeds the
between irrigation salinity
2004/05 to target for 10-yr
2014/15 (Northern Basin
target = 957uS/cm)
10 | Degree of Level of 6.4.2 O(WQ-BGA) 1. WaterNSW water quality monitoring stations | Oberon Reservoir
recreation recreational usage Chifley Reservoir
usage for four monitoring . .
sites Windamere Reservoir
Cudgegong River downstream of
Windamere Dam
Burrendong Reservoir
Macquarie River d/s of Burrendong Dam
Macquarie River at Geurie
Macquarie River at Wellington
Macquarie River at Dubbo
11 | Average Blue-green algae 6.4.3 O(WQ-BGA) 1. WaterNSW Algal Website: Oberon Reservoir Based on -8) Based on Real-time data.
&dmnutal . (BGéA) samples http;{{v;ﬂﬂfw.waternsw.com.au/water- Chifley Reservoir 2006 - 2014 | L | The water quality targets for water used for
uration o used as an quality/algae i i recreational purposes are that the values for
P Windamere Reservoir purp
red alters for | indicator because g cud River d ¢ ¢ cyanobacteria cell counts or bio-volume meet the
blue-green of the potential for Wlf gegong Dlver ownstream o guideline values set out in Chapter 6 of the
algae some species of indamere Dam Guidelines for Managing Risks in Recreational
BGA to impact on Burrendong Reservoir Water.
P:S,'g;fﬂ; jovels Macquarie River d/s of Burrendong Dam National Health and Medical Research Council
; Macquarie River at Geurie 2008, Guidelines for managing risks in recreational
used to determine ter. (National Health and Medical R h
the actions that Macquarie River at Wellington water. .( ational Mealth and Medical Researc
need to be o Council, Canberra).
) Macquarie River at Dubbo
undertaken in
respect to an algal
incident adopted
from the National
Health and Medical
Research Council
algal bloom
response
guidelines
(NHRMC 2008).
12 | Human 6.5 0] 1. The Public Health Act 201 N/A <L | Local councils have management strategies
consumption 2. Public Health Regulation 2012 r 2 identified in the Drinking Water Management
3. Drinking Water Management System Systems.
(DWMS)
13 | Indigenous & | Placeholder. 6.6 & 7.5 (0] Placeholder. N/A <L | Cultural requirements addressed in a separate
Socio- Z document. Socio-economic not assessed due to
economic lack of data.
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Time period

g

Reasoning

Interception Risk due to 4.5 E(I-FD) 1. CSIRO 2008, Water availability in the -5 CSIRO project undergone extensive peer review.
Activities interception 7.2 E(_PF) Murray—Darling Basin; A report to the T | Furthermore, NSW obtained the model output data
activities - farm O(I-FD) Australian Government from the CSIRO =5 | from the MDBYSS project (2008) and extracted 112
dams, commercial O(I-PF) Murray—Darling Basin Sustainable Yields year time series on a daily time-step as well as the
plantations, mining, Project. CSIRO, Australia. reliability data to improve the quality of analysis
floodplain 2. Van Dijk AlIM, et al. (2008) Uncertainty in (NOW 2010).
harvesting river modelling across the Murray—Darling
Basin. A report to the Australian Government
from the CSIRO Murray-Darling Basin
Sustainable Yields Project, CSIRO Australia.
93pp.
14 | Growth in Farm dam and 45.1.2 E(I-FD) 1. NOW 2010, AssessTert of risk oNSW Macquarie Marshes Based on 45, | Peerreviewed. 1. The estimated uncertainty
farm dams plantation impacts | 7.2.1.2 O(I-FD) E I@Bﬁéﬂedmmmoes Wilgara Wetland 2004/2005 T | associated with farm dam growth and plantation
(regulated) on streamflow - , NSW Office of Water, Sydney. High Security satellite = | expansion is estimated in the order of 1 percent of
estimated using the g 2. Sustainable Rivers Audit 2 (SRA) in: MDBA | General Security imagery total inflows across the MDB, increasing up to about
SIMHYD rainfall- 2011, Assessment of the hydrological impact Supplementary Water (MDBYS 3 percent in sensitive regions, and more in certain
runoff model; this of farm dams in the Murray—Darling Basin. Project) catchments within regions. These are small
data was adapted Murray—Darling Basin Authority, Canberra. compared to numbers when compared to climate and other
to fit into river https://www.mdba.gov.au/sites/default/files/arc 1994 to uncertainties (Van Dijk, 2008).
system models of hived/annualreports/2011- determine 2. The uncertainty associated with the impact of
state agencies 12/chapter_02_6.html growth farm dams is greater than that associated with
(Van Dijk et al. 3. CSIRO 2008, Water availability in the trends over forestry, particularly when considering the large
2008). Murray—Darling Basin; A report to the 10-yr. uncertainty in farm dam expansion rate estimates.
A 2030 farm dam Australian Government from the CSIRO Also based The estimate rate is about an order of magnitude
development Murray—Darling Basin Sustainable Yields on period of smaller than rates in the recent past and therefore
scenario was Project. CSIRO, Australia. prediction this must still be considered a significant
developed by (from 2020 - uncertainty. If farm dam construction rates were to
considering current 2030) and be closer to historical rates their impact would be
— distribution and current very significant in several regions, and therefore this
15 Ab'l.'ty to meet policy controls and 4511 E(I-FD) Macquarie Marshes period (from \-8, may still be considered a significant risk (Van Dijk,
environmental | onds in farm dam Wilgara Wetland; 2003 - 2008) |®L | 2008).
ﬂo‘.N . expansion. (Van Dijk, 1. Control measure: harvestable rights provisions
objectives 2008). which are one of the basic landholder rights under
the WMA (NOW 2010).
2. Farm dams, forestry plantations and floodplain
16 | Chanae in 7211 O(-FD . . harvesting are all instances of non-metered take.
avera%e (-FD) gg:efaﬁcgg(%rity '87 Therefore, the hydrometric network and hydrological
annual Supplementary Water E modelling are the way in which estimates are
diversions derived (MDBA 2017. The Murray—Darling Basin
and Water Compliance Review. Licensed from the
allocations for MDBA under a Creative Commons Attribution 4.0
holders
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Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

:
§

Reasoning

17 | Growth in Deviation in flow 45.1.2 E(I-FD) 1. Sustainable Rivers Audit 2 (SRA) in: MDBA | Belar Creek @ Warkton (Blackburns) Based on 5 Peer reviewed.
farm dams indices from the :g 2011, Assessment of the hydrological impact Castlereagh River @ Mendooran 2008/2010 T The estimated uncertainty associated with farm
(unregulated) | reference (near of farm dams in the Murray—Darling Basin. 2. Wallumburrawang Creek @ Bearbung SRA2 Audit. | 3 dam growth and plantation expansion is estimated
natural) regime g Murray—Darling Basin Authority, Canberra. Butheroo Creek @ Neilrex Also based in the order of 1 percent of total inflows across the
(SKM 2011) https://www.mdba.gov.au/sites/default/files/arc | Castlereagh River @ Hidden Valley on period of MDB, increasing up to about 3 percent in sensitive
hived/annualreports/2011- Bell River @ Newrea prediction regions, and more in certain catchments within
12/chapter_02_6.html Turon River @ Sofala (from 2020 - regions. These are small numbers when compared
2. NOW 2010, Assessment of risk to NSW Bogan River @ Neurie Plains 2030) and to climate and other uncertainties. The uncertainty
Murray—Darling Basin shared water resources | Talbragar River @ Elong Elong current associated with the impact of farm dams is greater
— 2008, NSW Office of Water, Sydney. Little River @ Obley No.2 period (from than that associated with forestry, particularly when
3. CSIRO 2008, Water availability in the Bell River @ Molong 2003 - 2008) considering the large uncertainty in farm dam
Murray—Darling Basin; A report to the Coolbaggie Creek @ Rawsonville (Van Dijk, expansion rate estimates. The estimate rate is
Australian Government from the CSIRO Coolaburragundy River @ Coolah 2008). about an order of magnitude smaller than rates in
Murray—Darling Basin Sustainable Yields Green Valley Creek @ Hill End the recent past and therefore this must still be
Project. CSIRO, Australia. Spicers Creek @ Saxa Crossing considered a significant uncertainty. If farm dam
4. NOW 2010, Assessment of risk to NSW Bogan River @ Peak Hill No.2 construction rates were to be closer to historical
Murray—Darling Basin shared water resources | Campbells River u/s Ben Chifley Dam rates their impact would be very significant in
— 2008, NSW Office of Water, Sydney. Brisbane Valley Creek @ Stromlo several regions, and therefore this may still be
5. SKM (2011) Assessment of the hydrological considered a significant risk (Van Dijk, 2008).
impact of farm dams in the Murray—Darling Farm dams, forestry plantations and floodplain
Basin. Murray—Darling Basin Authority, harvesting are all instances of non-metered take.
Canberra, ACT Therefore, the hydrometric network and hydrological
modelling are the way in which estimates are
derived (MDBA 2017. The Murray—Darling Basin
Water Compliance Review. Licensed from the
MDBA under a Creative Commons Attribution 4.0
Licence).
18 | HEVAE (see | See 4 above 45.1.1 E(I-FD) See 4 above Belar Creek @ Warkton (Blackburns) See42 See 4 above.
4 above) Castlereagh River @ Mendooran above 5
Wallumburrawang Creek @ Bearbung <
Butheroo Creek @ Neilrex
Castlereagh River @ Hidden Valley (%
Bell River @ Newrea
Turon River @ Sofala
Bogan River @ Neurie Plains
Talbragar River @ Elong Elong
Little River @ Obley No.2
Bell River @ Molong
Coolbaggie Creek @ Rawsonville
Coolaburragundy River @ Coolah
Green Valley Creek @ Hill End
Spicers Creek @ Saxa Crossing
Bogan River @ Peak Hill No.2
Campbells River u/s Ben Chifley Dam
Brisbane Valley Creek @ Stromlo
19 | Growth in Farm dam and 45.2 E(I-PF) 1. SMEC 2010, Afforestation risks to water Macquarie Marshes Based on -8’ Peer reviewed.
plantation plantation impacts | 7.2.2 O(I-PF) g resources in the Murray-Darling Basin, Wilgara Wetland 2004/2005 T The estimated uncertainty associated with farm
forestry on streamflow Murray—Darling Basin Authority, Canberra; High Security satellite = dam growth and plantation expansion is estimated
(regulated) estimated using the g 2. CSIRO 2008, Water availability in the General Security imagery in the order of 1 percent of total inflows across the
SIMHYD rainfall- Murray—Darling Basin; A report to the Supplementary Water (MDBYS MDB, increasing up to about 3 percent in sensitive
runoff model; this Australian Government from the CSIRO Project). regions, and more in certain catchments within
data was adapted Murray—Darling Basin Sustainable Yields Also based regions. These are small numbers when compared
to fit into river Project. CSIRO, Australia. on period of to climate and other uncertainties (Van Dijk, 2008).
system models of 3. NOW 2010, Assessment of risk to NSW prediction Plantations and Reafforestation Act controls the
state agencies Murray—Darling Basin shared water resources (from 2020 - establishment and harvesting of plantations,
(Van Dijk et al. — 2008, NSW Office of Water, Sydney. 2030) and although importantly it doesn’t currently account for
2008). 4. SKM (2011) Assessment of the hydrological current water use impacts. No methods have yet been
A 2030 farm dam impact of farm dams in the Murray—Darling period (from developed to look at the probability of future
development Basin. Murray—Darling Basin Authority, 2003 - 2008) bushfires and their hydraulic impact (NOW 2010).
scenario was Canberra, ACT (Van Dijk,
developed by 2008).
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20 | Ability to meet | considering current | 45 2 E(I-PF) 1. NOW 2010, Assessment of risk to NSW Macquarie Marshes
environmental | distribution and Murray—Darling Basin shared water resources | Wilgara Wetland
flow policy controls and — 2008, NSW Office of Water, Sydney.
objectives trends in farm dam 2. Sustainable Rivers Audit 2 (SRA) in: MDBA

expansion. 2011, Assessment of the hydrological impact
of farm dams in the Murray—Darling Basin.
Murray—Darling Basin Authority, Canberra.

21 | Change in 7.2.2 O(I-PF) https://www.mdba.gov.au/sites/default/files/arc | High Security
average hived/annualreports/2011- General Security
annual 12/chapter_02_6.html Supplementary Water
diversions 3. CSIRO 2008, Water availability in the
and Murray—Darling Basin; A report to the
allocations for Australian Government from the CSIRO
licence Murray—Darling Basin Sustainable Yields
holders Project. CSIRO, Australia.

22 | Mining N/A 453&7.2.3 N/A ><

23 | Floodplain N/A 4.5.4 (environment) 1. DPI-Water 2017. Draft Floodplain N/A < To be managed under Floodplain licencing
harvesting 7.2.4 (Other uses) harvesting Monitoring Policy. March 2017. 2 framework.

Department of Primary Industries - Water. Farm dams, forestry plantations and floodplain

https://www.water.nsw.gov.au/__data/assets/p harvesting are all instances of non-metered take.

df_file/0016/700801/Draft-floodplain- Therefore, the hydrometric network and hydrological

harvesting-monitoring-policy. pdf modelling are the way in which estimates are
derived (MDBA 2017. The Murray—Darling Basin
Water Compliance Review. Licensed from the
MDBA under a Creative Commons Attribution 4.0
Licence).

24 | Future The MDBSY 4.6.2 E(CC) 1. NOW 2010, Assessment of risk to NSW Macquarie Marshes The average CSIRO project undergone extensive peer review.
climate project assessed 7.4.2 O(CC) g Murray—Darling Basin shared water resources | Wilgara Wetland rainfall NSW obtained the model output data from the
scenarios scenarios: i.e., — 2008, NSW Office of Water, Sydney. High Security during the MDBYS project (2008) and extracted 112 year time

historical climate g 2. CSIRO 2008, Water availability in the General Security calibration series on a daily time-step as well as the reliability

change & current Murray—Darling Basin; A report to the Supplementary Water period = data to improve the quality of analysis (NOW 2010).

development; Australian Government from the CSIRO (Macquarie: § Historical 112-year climate transformed to have the

recent climate Murray—Darling Basin Sustainable Yields 1985-1990) same statistics as the second-wettest, second-driest

change & current Project. C":SIRO, Australia. S was and median predictions of climate change by 15

development; 3. Van Dijk, et al. (2008) Uncertainty in river compared to different global climate models given three

future climate modelling across the Murray—Darling Basin. A the long- alternative emission scenarios (Cwet, Cdry and

change and current report to the Australian Government from the term Cmid scenarios). However, there is still relatively

& future CSIRO Murray-Darling Basin Sustainable average high uncertainty associated with natural variability

development, Yields Project, CSIRO Australia. 93pp. rainfall, the and also uncertainty associated with the range of

respectively. All number of climate models, with this combined uncertainty

Scenarios are years in the considered greater than the 'best estimate' climate

defined at daily historical change projection (Van Dijk, et al. 2008).

time series of record (1895 ) ) , C

climate variables to 2006) 1. This section addres'ses NSW’s obllgathns un_der

based on different (Van Dijk the Basin Plan (2012): Chapter 10, Part 9: Section

scaling of the 2008). 10.4_11(1) - A water resource plan mu_st be prepared

historical 1895 - havmg regard to current and. futyre risks to the

2006 climate condition and continued availability of the water

sequence (Van Dijk resource plan area.

et al. 2008). 2. Water Sharing Plans are the control mechanism
which base water sharing decisions on the
availability of flow and therefore they implicitly adjust
for both climate variability and change. The
legislation enables powers to temporarily suspend
water sharing rules during extreme climatic

" - conditions. WSPs are reviewed on a 10-yr cycle and
25 2:\9:% r:?n rennetg} 4.6.1 E(CC) g {\Aﬂl?i;g$:§;\3€ht1|:;zhes the climatic record used as input to these planning
flow decisions is based on all of the available data up to
I that point.
objectives
3. There is currently no explicit adjustment to the
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26 | Change in 7.41 0(CC) High Security input data or selective sequencing from the data to
average General Security use as input to the planning process to allow for
annual Supplementary Water potential future climate change. Water sharing plans
diversions cover all of the regulated systems in NSW, i.e. all
and but the Barwon-Darling in this risk assessment. In
allocations for the_Barwon-Darlln_g, licence conditions on
licence entitlements specify access rules based on the
holders occurrence of flows above a specified level prior to

allowing pumping to occur. These therefore
implicitly allow for both climate variability & change
(NOW 2010).

Growth in basic landholder rights

27 | Growthin Based on dividing 441 E(BLR) 1. WaterNSW gauging stations Backwater-Boggy Cowal Low | BLR usage figures are estimates only: i.e., all
basic the 80th percentile | 7.4 (other uses) :g Bell River entitlements are assumed to be active. Method
landholder flow (for all days) Bulbodney-Grahway Creek system needs further testing across valleys.
rights for each water g Burrendong Dam Storage Tributaries This section also addresses Chapter 10, part 9:

source by the Campbells River section 10.41 (1) outlined above.
estimated BLR. Coolbaggie Creek system Also covers NSW obligations under section 10.41
Cooyal Wialdra Creek System (3) in identifying risk, and regard to risks identified in
Ewenmar Creek system Section 4.02 (2).
Fish River A WRP must ensure that BLRs are maintained at
Goolma Creek baseline diversion levels (generally set at the 30
Lawson's Creek June 2009 diversion limit) (MDBA 2017. Water
Little River Compliance Review. ISBN (online): 978-1-925599-
Lower Bogan River 55-8)
Lower Macquarie River
Lower Talbragar River
Macquarie River above Burrendong
Marra Creek system
Marthaguy Creek
Maryvale-Geurie
Molong Creek & Tributaries
Piambong Creek
Pipeclay Creek
Queen Charlottes Vale Creek/Evans
Plains Creek
Summerhill Creek
Turon/Crudine
Upper Bogan catchment
Upper Cudgegong River above
Windamere
Upper Talbragar/Goolaburra-Gundy River
Wambangalong Whylandra System
Winburndale Rivulet
Castlereagh River Binnaway Gilgandra
Castlereagh River above Binnaway
Castlereagh River Gilgandra-Coonamble
Tooraweenah Gulargambone Tributaries
Teridgerie Creek System
Nedgera Creek System
Castlereagh River below Coonamble

28 | Growthin Ratio of BLR 7.4.2 O(BLR) 1. WaterNSW gauging stations Backwater-Boggy Cowal ?
basic volume to total E 2. NSW Water Register Bell River
landholder licensed 3. Basic landholder rights for NSW: Bulbodney-Grahway Creek system
rights entitlement g Estimations of stock & domestic rights Dept of | Burrendong Dam Storage Tributaries

Water & Energy, September 2009. Campbell§ River
Coolbaggie Creek system
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29 | Volume of Volume of 7.4.1 O(BLR) 1. NSW Water Register Cooyal Wialdra Creek System s
entitlement entitlement (2015) E_Wﬁrll:amar Creek system .
ish River

Goolma Creek

Lawson's Creek

Little River

Lower Bogan River

Lower Macquarie River

Lower Talbragar River

Macquarie River above Burrendong
Marra Creek system

Marthaguy Creek

Maryvale-Geurie

Molong Creek & Tributaries

Piambong Creek

Pipeclay Creek

Queen Charlottes Vale Creek/Evans
Plains Creek

Summerhill Creek

Turon/Crudine

Upper Bogan catchment

Upper Cudgegong River above
Windamere

Upper Talbragar/Goolaburra-Gundy River
Wambangalong Whylandra System
Winburndale Rivulet

Castlereagh River Binnaway Gilgandra
Castlereagh River above Binnaway
Castlereagh River Gilgandra-Coonamble
Tooraweenah Gulargambone Tributaries
Teridgerie Creek System

Nedgera Creek System

Castlereagh River below Coonamble
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Table A-2. List of threatened species within Macquarie-Castlereagh catchment

Flow

Common name Scientific name E;srgrr]\qcettigsness NSW status Commonwealth listing \?Veer:sm:/r;tgy stt;;u;’ts Layers from OEH or DPIF
FISH
eel-tailed catfish Tandanus tandanus EP Endangered Population not listed 4 3 Observed
olive perchlet Ambessis agassril EP Endangered Populations not listed 4 3 Observed
purple spotted gudgeon Mogumdaadspersa Fish Endangered Population not listed 4 3 Observed
silver perch Bidyanus bidyarus Fish Vulnerable Critically endangered 4 4 Observed
trout cod Meocullodhellameoouanenss | Fish Endangered Endangered 4 3 Observed
flathead galaxias Galaxias rostratus Fish Critically endangered Critically endangered 4 4 Predicted
Murray cod Veoullochella pecli Fish not listed Vulnerable 4 2 Observed
FROGS
Booroolong frog LI[OH&W(DU(HBS Frog Endangered Endangered 4 3 Observed
yellow-spotted tree frog Litoria castanea Frog Critically endangered Endangered 4 4 Predicted
green and golden bell frog Litoraaurea Frog Endangered Vulnerable 3 3 Observed
southern bell frog Litoria ranifomis Frog Endangered Vulnerable 4 3 Known
ENDANGERED ECOLOGICAL COMMUNITIES (EEC)
Lowland Darling River aquatic endangered Endangered Ecological . from DPI and EEC layer available on the
. . EEC . not listed 4 3

ecological community Community EDB
Carex Sedgeland of the New England Tableland, Endanaered Ecoloaical
Nandewar, Brigalow Belt South and NSW North EEC ger g not listed 3 3 Known

. . Community
Coast Bioregions
Carbeen Open Forest Community in the Darling Endanaered Ecological
Riverine Plains and Brigalow Belt South EEC get 9 not listed 2 3 Known

. . Community

Bioregions
Coolibah-Black Box Woodland in the Darling Endanaered Ecological
Riverine Plains, Brigalow Belt South, Cobar EEC ger g Endangered 1 3 Known

. . : Community
Peneplain and Mulga Lands Bioregion
BIRDS
Australasian bittern BTHMJS[DCIK]JHUS Bird Endangered Endangered 2 3 Observed
Australian painted snipe Rostratula australis Bird Endangered Endangered 2 3 Known
black-necked stork Ephippohyndhus asatious Bird Endangered not listed 2 3 Observed
blue-billed duck Oyuraaustralis Bird Vulnerable not listed 2 2 Observed
brolga Gus rubicunda Bird Vulnerable not listed 2 2 Observed
black-tailed godwit Limosalimosa Bird Vulnerable not listed 2 2 Known
cotton Pygmy-Goose I\HHJ.BCGOTHIHHLS Bird Endangered not listed 2 3 Known
curlew Sandpiper Calidris fermrugnea Bird Endangered Endangered 3 3 Known
freckled duck Sticionetta neavosa Bird Vulnerable not listed 2 2 Observed
magpie goose Ansgranes sampalreia Bird Vulnerable not listed 2 2 Observed
MAMMALS
greater broad-nosed bat ‘ Sootearax rueppelli Mammal Vulnerable not listed 2 2 Known
OTHER AQUATIC
river snail Noiopala sUblineata Other aquatic | Critically Endangered not listed Predicted
PLANTS
A spear-grass Austrostipawekoolica Plant Endangered Endangered 1 3 Known
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Appendix B HEVAE alignment with Schedules
8 and 9 of the Basin Plan

Table B-1. Alignment of Schedule 8 key environmental asset criteria with HEVAE criteria

‘ HEVAE criteria/associated attributes

Key environmental asset criteria (Schedule 8)

Criterion 1: The water-dependent ecosystem is formally
recognised in international agreements or, with
environmental watering, is capable of supporting species
listed in those agreements

Assessment indicator: A water-dependent ecosystem is
an environmental asset that requires environmental
watering if it is:

(a) A declared Ramsar wetland; or

(b) With environmental watering, capable of supporting a

species listed in or under the JAMBA, CAMBA,
ROKAMBA or the Bonn Convention.

Vital Habitat; An aquatic ecosystem provides vital habitat for

flora and fauna species if it supports (see details below)

Criterion 2: The water-dependent ecosystem is natural or
near-natural, rare or unique

Assessment indicator: A water-dependent ecosystem is
an environmental asset that requires environmental
watering if it:

(a) Represents a natural or near-natural example of a
particular type of water-dependent ecosystem as
evidenced by a relative lack of post-1788 human induced
hydrologic disturbance or adverse impacts on ecological
character; or

(b) Represents the only example of a particular type of
water-dependent ecosystem in the Murray—Darling Basin;
or

(c) Represents a rare example of a particular type of
water-dependent ecosystem in the Murray—Darling Basin.

Naturalness: The ecological character of the aquatic
ecosystem is not adversely affected by modern human
activity.

e« Geomorphic recovery (conservation or rapid)
potential of River Styles®

e Hydrologic stress (demand versus low flow
percentile)

e Catchment Disturbance Index (infrastructure
density, land use index & land cover change)

e Macroinvertebrate (AUSRIVAS) O/E bands (i.e.
deviation from reference)

« River reaches in National Park Estate

Criterion 3: The water-dependent ecosystem provides
vital habitat

Assessment indicator: A water-dependent ecosystem is
an environmental asset that requires environmental
watering if it:

(a) Provides vital habitat, including:

() A refugia for native water-dependent biota during dry
spells and drought; or

(i) Pathways for the dispersal, migration and movements
of native water-dependent biota; or

(iii) Important feeding, breeding and nursery sites for
native water-dependent biota; or

(b) Is essential for maintaining, and preventing declines
of, native water-dependent biota.

Vital Habitat: An aquatic ecosystem provides vital habitat for
flora and fauna species if it supports:

unusually large numbers of a particular native or
migratory species; and/or

ii.  maintenance of populations of specific species at

critical life cycle stages; and/or iii) key/significant refugia
for aquatic species that are dependent on the habitat,
particularly at times of stress.

o Vital wetlands (Ramsar and DIWA listed wetlands)

e Dissolved Organic Carbon (DOC) input (surrogate
measure = river reaches of 60% woody riparian
vegetation cover & measure of unconfined or
partially confined River Style)

« Large Woody Debris (LWB) (surrogate measure =
river reaches of 60% woody riparian vegetation
cover & specific River Styles®)
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Key environmental asset criteria (Schedule 8)

Criterion 4: Water-dependent ecosystems that support
Commonwealth, State or Territory listed threatened
species or communities

Assessment indicator: A water-dependent ecosystem is
an environmental asset that requires environmental
watering if it:

(a) Supports a listed threatened ecological community or
listed threatened species; or

Note: See the definitions of listed threatened ecological
community and listed threatened species in section 1.07.

(b) Supports water-dependent ecosystems treated as
threatened or endangered (however described) under
State or Territory law; or

(c) Supports one or more native water-dependent
species treated as threatened or endangered (however
described) under State or Territory law.

HEVAE criteria/associated attributes

Distinctiveness:
The aquatic ecosystem is rare/threatened or unusual; and/or

The aquatic ecosystem supports rare/threatened/ endemic
species/communities/genetically unique populations; and/or
The aquatic ecosystem exhibits rare or unusual
geomorphological features/processes and/or environmental
conditions, and is likely to support unusual assemblages of
species adapted to these conditions, and/or are important in
demonstrating key features of the evolution of Australia’s
landscape, riverscape or biota.

e State and/or Commonwealth listed threatened
species, endangered populations and endangered
ecological communities

e Rare River Styles®

Criterion 5: The water-dependent ecosystem supports, or
with environmental watering is capable of supporting,
significant biodiversity

Assessment indicator: A water-dependent ecosystem is
an environmental asset that requires environmental
watering if it supports, or with environmental watering is
capable of supporting, significant biological diversity. This
includes a water-dependent ecosystem that:

(a) Supports, or with environmental watering is capable
of supporting, significant numbers of individuals of native
water-dependent species; or

(b) Supports, or with environmental watering is capable
of supporting, significant levels of native biodiversity at

the genus or family taxonomic level, or at the ecological
community level.

Diversity: The aquatic ecosystem exhibits exceptional
diversity of species (native/migratory), habitats, and/or
geomorphological features/processes.

e Macroinvertebrate Diversity (No. of AUSRIVAS
Families)

« Fish Diversity (Fish biodiversity hot spots assigned
to specific River Styles® reach)

Reference: Healey M, Raine A, Lewis A, Hossain B, Hancock F & Sayers J (2018) Applying the High Ecological Value Aquatic
Ecosystem (HEVAE) Framework to Water Management Needs in NSW, NSW DPI Water, Sydney, NSW.

Table B-2. Alignment of Schedule 9 key ecosystem function criteria with HEVAE criteria

HEVAE or risk assessment criteria/associated attributes

Key ecosystem function criteria (Schedule 9)

Criterion 1: The ecosystem function supports the creation
and maintenance of vital habitats and populations

Assessment indicator: An ecosystem function requires
environmental watering to sustain it if it provides vital
habitat, including:

(a) a refugia for native water-dependent biota during dry
periods and drought; or

(b) pathways for the dispersal, migration and movement of
native water-dependent biota; or

(c) a diversity of important feeding, breeding and nursery
sites for native water-dependent biota; or

(d) a diversity of aquatic environments including pools,
riffle and run environments; or

(e) a vital habitat that is essential for preventing the

HEVAE

The HEVAE method identifies a diverse range of in-stream
and riparian riverine areas in very poor through to very high
ecological value. Highest ecological value areas are
assumed to provide a diverse range of aquatic habitats for
native water-dependent flora and fauna. Vital habitat is a
key criteria assessed in the HEVAE method.

Vital Habitat: An aquatic ecosystem provides vital habitat for
flora

and fauna species if it supports:

i. unusually large numbers of a particular native or
migratory species; and/or

ii. maintenance of populations of specific species at critical
life cycle stages; and/or iii) key/significant refugia for
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Key ecosystem function criteria (Schedule 9)
decline of native water-dependent biota.

Criterion 2: The ecosystem function supports the
transportation and dilution of nutrients, organic matter and
sediment

Assessment indicator: An ecosystem function requires
environmental watering to sustain it if it provides for the
transportation and dilution of nutrients, organic matter and
sediment, including:

(a) pathways for the dispersal and movement of organic

and inorganic sediment, delivery to downstream reaches
and to the ocean, and to and from the floodplain; or

(b) the dilution of carbon and nutrients from the floodplain
to the river systems.

Criterion 3: The ecosystem function provides connections
along a watercourse (longitudinal connections)

Assessment indicator: An ecosystem function requires
environmental watering to sustain it if it provides
connections along a watercourse or to the ocean,
including longitudinal connections:

(a) for dispersal and re-colonisation of native water-
dependent communities; or

(b) for migration to fulfil requirements of life-history stages;
or

(c) for in-stream primary production.

Criterion 4: The ecosystem function provides connections
across floodplains, adjacent wetlands and billabongs
(lateral connections)

Assessment indicator: An ecosystem function requires
environmental watering to sustain it if it provides
connections across floodplains, adjacent wetlands and
billabongs, including:

(a) lateral connections for foraging, migration and re-
colonisation of native water-dependent species and
communities; or

(b) lateral connections for off-stream primary production.

HEVAE or risk assessment criteria/associated attributes

aquatic species that are dependent on the habitat,
particularly at times of stress.

o Vital wetlands (Ramsar and DIWA listed wetlands)

e Dissolved Organic Carbon (DOC) input (surrogate
measure = river reaches of 60% woody riparian
vegetation cover & measure of unconfined or
partially confined River Style)

e Large Woody Debris (LWB) (surrogate measure =
river reaches of 60% woody riparian vegetation
cover & specific River Styles®)

Risk Assessment

The risk assessment process has identified key features of
flow regimes which have impacts on key ecosystem
functions identified by the MDBA (2010; 2012) and Alluvium
(2010). Within the risk assessment method, impacts on
ecosystem function are considered through assessment of
altered stream flow in regulated and unregulated rivers.
Flow regimes influence the hydrologic connectivity,
longitudinal and lateral pathways for ecological dispersal,
nutrient and organic and inorganic material delivery in river
systems.

References

Alluvium, (2010), Key ecosystem functions and their environmental water requirements. Report by Alluvium for Murray—Darling Basin

Authority, Canberra, ACT.

MDBA, (2010), Guide to the proposed Basin Plan: Technical Background, Murray—Darling Basin Authority, Volume 2, Part 1, Canberra,

ACT.

MDBA, (2012), Hydrologic modelling to inform the proposed Basin Plan - methods and results. Murray—Darling Basin Authority,

Canberra, ACT.
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Appendix C HEVAE conseguence scoring
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Figure C-1. Consequence decision tree used to convert HEVAE scores to aconsequence rank
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Table C-1. Rationale for each bifurcation in the decision tree used for converting HEVAE scores to ‘consequence of extraction pressure on aquatic
ecosystem condition’ ranks

Decision tree Rationale

annotation

1 e Management for retention of conservation values is a higher priority in high and very high value reaches
e Limiting extraction is easier to justify in high and very high value reaches, than it is in medium reaches

2 ¢ Ramsar sites are valued for their contribution to international conservation efforts for migratory species. Australia is a signatory country and
has an obligation to maintain these sites. This includes maintenance of flows.

3 e The attributes of high or very high value sites are influenced by extraction pressure.

e Sites that are upstream of extraction points are assumed to be unaffected by extraction pressure, so the assessment focus shifts to whether
there are medium value reaches in the water source.

o If a high or very high value site is likely to be affected by extraction pressure the focus shift to whether any threatened species, populations,
communities or rare River Styles® could be affected.

4 e The attributes of high or very high value sites are influenced by extraction pressure.

e The most ‘at risk’ HEVAE criterion from extraction pressure (in the short-term) is distinctiveness. Distinctiveness includes consideration of
biotic and abiotic characteristics and function of the reach (i.e. threatened species, populations, communities and rare River Styles®).

e Addistinctiveness score of =2 0.4 in the HEVAE means the reach has a medium, high or very high value as habitat for threatened species,
populations, or communities, or a rare River Style®.

e Habitat for threatened species, populations and communities is protected under State and Commonwealth legislation.

5 o Distinguishes between species, populations, communities and/or rare River Styles® that occur on the floodplain versus the channel and
riparian zone because (it was assumed) extraction pressure is more likely to affect attributes that occur in the channel and riparian zone,
rather than the floodplain.

e This is a decision that relies on expert understanding of the attribute’s ecology and biology.

6 e Given the attribute is identified as relying on channel and riparian habitat (from 5), this step assumes the least possible habitat available to the
attribute occurs under low flow conditions, and asks whether the lowest flows in the system are affected by extraction.

7 e Any attributes that are channel and/or riparian dependent, and are considered vulnerable to extraction of low flows retain their original high or
very high value category.

e Any attributes that are channel and/or riparian dependent and are considered resilient to extraction of low flows are allocated a ‘medium’
consequence category.

8 e High or very high value reaches that have low distinctiveness are assumed to have attributes that are more resilient to extraction pressure (at
least in the short-term), and are assigned a ‘medium’ consequence category.
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Decision tree Rationale

annotation

9 e Establishes that attributes are floodplain dependent, and asks whether they are able to move (i.e. birds, bats) or not (i.e. plant). The
assumption is that more mobile species/population/community can move to avoid changes in habitat owing to extraction pressure.

10 o If the species can move they are assigned a risk category of ‘medium’.

o If the species/population/community is sessile, it is assumed to be at greater risk of harm from extraction pressure (because it can’t move to
avoid the pressure), and retains its original categorisation of ‘high’ or ‘very high’.

11 e Establishes that the water source either doesn’t have ‘high’ or ‘very high’ reaches, OR there are ‘high’ or ‘very high’ reaches but they are
above extraction points (and therefore assumed unaffected by extraction pressure), and asks whether there are ‘medium’ value reaches in the
water source.

e This allows the risk of extraction pressure on medium value aquatic ecosystems to be assessed independently of the ‘low’ and ‘very low’ value
aquatic ecosystems.

12 e Asks whether species/populations/communities in the reach are moderately to highly sensitive to extraction, primarily because they specific
flow requirements and limited ability to move if those flow requirements are not met (e.qg. fish, frogs, turtles, macrophytes).

e This information is in the MS Excel Distinctiveness file for each catchment, in the column labelled ‘Flow Sensitivity Weighting’

13 o If a species/population/community has a flow response score =3 (i.e. it is sensitive to extraction), it is assigned a risk category of ‘medium’.
e If a species/population/community has a flow response score <3 (i.e. it is less sensitive to extraction), it is assigned a risk category of ‘low’.

14 e Deals with ‘medium’ value reaches that don’t have high Distinctiveness (i.e. 20.4).

e Asks whether the main river in the water source has a predominantly ‘medium’ value. This question weights the value of the main river higher
than any tributaries, because it is assumed the main river is likely more affected by extraction pressure than tributaries.

15 e |f the main river in a water source has a predominantly medium HEVAE condition, the consequence ranking is also medium.

16 e Asks whether the combined length of medium and low HEVAE reaches in a main river in an assessment area is less than the length of
reaches in the same main river with a very low HEVAE rank.

e The rationale is if the main river is comprised of mostly low with some medium HEVAE reaches, then a conservative approach should be
adopted and the low consequence rank prevails.

17 o If the reach has a mainly very low HEVAE rank, and there is little apparent reliance on the reach by freshwater-dependent flora and fauna, the
consequence awarded is ‘very low’.

18 e There are no very high, high or medium HEVAE ranked reaches in the assessment area — only low and very low.
e Itis assumed there is little reliance on habitats in these reaches by freshwater-dependent flora and fauna.

19 e The assessment area is awarded the same consequence rank as the predominant HEVAE rank for the area.
e Itis assumed there is little reliance on habitats in these reaches by freshwater-dependent flora and fauna.
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Appendix D Threatened fish species and

distribution

Fish data from the MDB Sustainable Rivers Audit (Davies et al. 2012) and other sources were analysed by
NSW Fisheries to assess the distribution of threatened species and to identify areas of relative high fish
biodiversity within the Macquarie-Castlereagh WRPA. These data have been included in the HEVAE
assessment and the results presented below. They are also further detailed in the Water Source Summaries

provided in Volume 2.
The results show a significant spread of threatened fish species or endangered populations in the Macquarie-

Castlereagh WRPA. Eel-tailed catfish were widespread in the Bogan, Macquarie and Castlereagh Rivers. Fish
biodiversity was highest in the Macquarie River around Dubbo and in the upper Cudgegong River.

NSW

=l

L

(3

N o™ % s
— KM
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August 2018

Figure D-1. Distribution of endangered ecological communities in the Macquarie-Castlereagh WRPA
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Figure D-2. Distribution of threatened fish species within the Macquarie-Castlereagh WRPA
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Figure D-3. Fish biodiversity hotspots in the Macquarie-Castlereagh WRPA

NSW Department of Industry | INT18/162302| 232




Risk assessment for the Macquarie—Castlereagh water resource plan area (SW11): Part 1

Appendix E Flow variation indices in
unregulated water sources

Maps showing the flow variation indices and metrics used to assess the likelihood of farm dams impacting on

surface flows in unregulated water sources in the Macquarie-Castlereagh WRPA are shown in the figures
below.

g,:g MACQUARIE-CASTLEREAGH FARM DAMS CV

0 25 50
— KM

Data sources: NSW Industry | Lands 8 Water | Wator;
DP! Fisheries, Office of Environment and Heritage ~
SKM (2011) Hydrological Assessment of Farm Dams, MOBA

Farm Dams Station CV scores 0.00-0.33 0,34(—)066 0.67-1.33 1.34 - 1.66 1.67 -2.00

A Segment CV scores ~ #™\_, s ® i ¥ N N

Map produced by NSW Industry | Lands & Water | Water
July 2018

Figure E-1. Flow variation index (CV) results for farm dams in the Macquarie-Castlereagh WRPA (SKM 2011)
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A MACQUARIE-CASTLEREAGH FARM DAMS Q90
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Figure E-2. Results for the Q90 low flow metric for farm dams in the Macquarie-Castlereagh WRPA (SKM 2011)
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Figure E-3. Results for the Q10 high flow metric for farm dams in the Macquarie-Castlereagh WRPA (SKM 2011)
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Figure E-4. Location of land use and farm dam stations in the Macquarie-Castlereagh WRPA (MDBA 2011)
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Appendix F Unregulated rivers tolerable risk
decision tool

This appendix relates to Figure 8-1. Risk treatment pathway (in particular element 2 and risk treatment option
C), associated text in section 8.2.2.1, and strategy 18 in Table 8-6. Knowledge strategies.

The assessment of Risk to water available for the environment due to licensed extraction in unregulated rivers
E(W) uses likelihood ratings based on potential risk rather than current risk. This is because best available
likelihood information is entitlement data rather than actual use data. This may result in overestimations of risk
in those unregulated water sources where extraction has not reached full development levels. In order to apply
appropriate risk mitigation strategies to medium or high-risk results, a decision tool was used to compare
expert knowledge of individual water sources to the full development likelihood results determined via single
reach IQQM. This resulted in an assignment of tolerable status to each risk result and a recommendation for
the intensity of ongoing access licence activation monitoring via remote sensing. Note that low risk results are
not considered by the tool as the Basin Plan does not require strategies to be described for these risk results.
Also note that neither likelihood data nor risk results change through the use of this decision tool.

Error! Reference source not found. shows the additional information used to determine the tolerable status
of risk results and the decision tool’s relationship to the risk treatment pathway through the likelihood metric.
To use the decision tool, follow the decision tree in Error! Reference source not found..

Risk Pathway: Risk to water available for the environment due to licenced extraction in unregulated rivers

CAUSE THREAT IMPACT
Alteration to ecologically
Licensed surface water S LA e Change to instream
EdrEc e —®{ components (zero flow —— environmental assets and
periods, base flows, fresh ecosystem functions
Likelihood: Hydrological flows, high flows)

Consequence: HEVAE score

alteration from 'without + decision tree

development' scenario to ‘full
development of current
entitlement’ scenario

'

) @ — *

|
]
[ |
- Ly .
Review the distribution Eoel\frﬁ‘g }‘{‘;Ze;hgeéjgg \évrater Review modelling of 1 ; IgLeﬁzgﬁtrs'sbkaiéa(}%snff’hre
and size of access : irrigation identified by e
licences within the water g ¥ IITERILEITE P remote sensing from I ‘. JANTCISE ) . °,f
SOUIGE relevant to areas of summer 2013/2014 11| | current entitlement
extraction |/~ | scenario
. ’ | : - : - Suggested level of licence Where a risk is assigned a
Potential for licenced extraction Ability to implement revised o bR @ e olorab Stata ?urther
to impact environmental assets mitigation strategies at a sensing of areas under irrigation , 3
and functions. different level of extraction water management strategies
management by WRP are required. Recommended
commencement monitoring implemented
4 through Strategy 18 will
C>Additional remote sensing data impro?/e data ognylicence
(Delement 1 (3)Element 3 collected during the WRP term activation and water use
(@ cElement2 () Element 4 improves likelihood data and
decision tool accuracy

Figure F-1. Overview of decision tool
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Figure F-2. Decision tree used as a guide to apply elements of the unregulated rivers tolerable risk decision tool

Review the distribution and size of access licences within the water
source.

Element 1 of the decision tool reviews the potential for licensed extraction to impact on the ecological assets
and values of a water source if all access licences were activated®. Where ecological value drivers of the
consequence result occur upstream or on stream sections that are disconnected from access licence
locations, there is little potential for extraction to impact environmental assets or functions. An exception to this
statement may occur where an asset has high dispersal characteristics (e.g. fish such as Murray cod or silver
perch).

Where there are significant access licences on the main stem of a stream in the water source, the single reach
IQQMs will reflect the impact along the main stream and at the end of the water source. Where there are only

% An access licence must be linked to at least one pump (water supply work) for extraction to be possible.
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a few small access licences on different tributaries, or just one tributary, the single reach IQQMs may not
reflect the impacts on the ecological values in the water source (see Error! Reference source not found. for
examples). This is most likely to be seen in headwater water sources where there is little floodplain extractive
development. The complexity of a river system’s structure (e.g. multiple tributaries) may need to be revised
and updated in future versions of the single reach IQQMs prior to the next risk assessment.

Medium risk results driven by a very high consequence combined with a low likelihood were also considered in
this step and automatically assigned a ‘tolerable’ status in the decision tree (Error! Reference source not
found.) if rules were in place to prevent trade into the water source. Further information on the ecological
value drivers for each water source can be found in Part 2 (Water Source Summaries) of this document.

There are two possible outcomes from this assessment of potential impact from access licences; high or low.
Where the result is high, the risk result moves to the assessment of element 2. Where low is applied, the risk
result is assigned a ‘tolerable’ status and further monitoring of access licence activation via remote sensing is
recommended (element 4).

T

Ecological value

® Water Access
Licence

Figure F-3. Examples of the distribution of insignificant entitlement distribution

Review availability of infrastructure to implement revised mitigation
strategies

Element 2 of the decision tool reviews whether it would be possible to implement a variation to the level of
extraction management by WRP commencement. In unregulated rivers many high and medium risk results
occur against base flow and zero flow characteristics. Commence and cease to pump (CtP) rules are often
used to protect streams during these periods of low or no flow. To implement a CtP above visible flow, or to
implement flow classes for management of fresh or higher flows, a river height monitoring gauge or other
infrastructure is generally required.

A check for active flow gauges was made on the appropriate GIS layer and the results confirmed through
consultation with WaterNSW Hydrometrics. There are two possible outcomes from this element; yes or no.
Where the result is yes, the risk is assigned a ‘not tolerable’ status as alternative management strategies could
be developed and implemented through the water resource plan or water sharing plan. Where no is applied,
the risk result moves to the assessment of element 3. Note that any variations to the current river gauge
network would have considerable resourcing implications for NSW which are unlikely to be resolved prior to
water resource plan commencement. This is why recommendations for new gauge installations have not been
considered by this decision tool.
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Modelling of irrigation identified by remote sensing to suggest a
level of access licence activation

Element 3 uses modelling of irrigation identified by remote sensing from summer 2013/2014 to suggest a level
of access licence activation. It is important to note that unlike extractive water use in regulated rivers,
unregulated river extraction is highly variable and often opportunistic. As the dataset used for this element is
from a single season in a single year it does not provide enough information to generate a meaningful
likelihood result for a current use scenario that can be used to assess risk in this report. It is anticipated that
throughout the WRP term a more comprehensive indication of current use should be provided through the
analysis of further remote sensing imagery (see Strategy 18 and the MER Plan for further information). This is
indicated in Error! Reference source not found. by the broken line boxes underlying element 3.

Possible outcomes from this element are the suggested activation levels high, medium, and low. Where low is
applied, the risk result is assigned a ‘tolerable’ status and further frequent monitoring of access licence
activation via remote sensing is recommended (element 4). Where medium or high is applied the risk is
assigned a ‘not tolerable’ status as the current use level is likely to be similar to the full entitlement scenario.
This indicates the risk result should prompt the consideration of alternative risk mitigation strategies during
WRP development.

Dry period for remote sensing where irrigation could be identified through remote sensing.
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Appendix G Strategy development —
constraints and decision trees

Material in this appendix has previously been presented in earlier drafts of this document. It describes
considerations and decision processes supporting strategy development. A list of draft strategies that were
considered for inclusion in the WRP has also been included.

The draft strategies outlined in this section have been developed with consideration to the means through
which they can be implemented, which is primarily through the rules and conditions within the WRP. Risks that
are associated with high flow events, however, may also be mitigated through discretionary environmental
water, which is part of the operational scope of the LTWP rather than a WRP. In such instances, the mitigation
strategy suggests that the risk would be most effectively managed by the LTWP. Mitigation strategies for water
guality risks may be represented in one or more of the WRP, LTWP and WQM Plan. However, there may be
unavoidable circumstances or constraints that prevent a strategy from being implemented, including:

e Operational constraints due to infrastructure or channel capacity, or

e Constraints due to a proposed strategy resulting in a risk to social and economic interests that is
considered to outweigh the risk to the environment, or

¢ Environmental or other external constraints which limit a strategy from achieving its full ecological
objective.

Operational constraints considered in developing and implementing
new strategies

Operational constraints were identified through consultation with WaterNSW and other water management
agencies that provided technical input around the operation of water regulation structures. Some examples of
operational constraints may be the ability of a stream channel to convey a certain volume of water without
incurring third party impacts (for example, through over bank flows), the inability of dam outlet works to be
turned off, or conversely, to release a certain volume of water.

Operational constraints were considered against the anticipated resources that would be required to remedy
them. Often the significance of these constraints means they are unable to be abated.

Social or economic constraints to implementing a strategy

The Basin Plan’s objective is to achieve an optimal outcome for all water stakeholders in the Basin. Sections
5.02(1) (c) and 5.02(1) (d) of the Basin Plan state that:

The objectives of the Basin Plan as a whole are:

(c) To optimise saocial, economic and environmental outcomes arising from the use of Basin water
resources in the Murray—Darling Basin; and

(d) To improve water security for all uses of Basin water resources.

NSW WSPs also have the objective of achieving optimal outcomes for social, economic and environmental
objectives, but there are instances where it is not possible to achieve all of these outcomes in equal measure.
Each mitigation strategy must therefore be considered in view of the potential impacts on water-dependent
communities. If those impacts are considered to be significant, then the strategy may have to be constrained
or modified.

Potential social or economic constraints were identified by:
e Estimating the community dependence on water extraction in each unregulated water source

¢ Directly consulting with stakeholders through forums such as Stakeholder Advisory Panels (SAPS).
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Estimates of community dependence on water extraction were based on previous calculations undertaken as
part of the Macro Water Sharing Plan process (NOW 2011a).

Community dependence was estimated by combining information about the volumes and economic value of
water extraction (value of irrigated industries, town water supply, proportion of community employment in
agriculture etc.) with information about community resilience to change, based on data obtained from the
Australian Bureau of Statistics Index of Advantage and Disadvantage.

Community dependence for each unregulated water source was classified as either low, medium or high
(Error! Reference source not found.). The regulated river network, however, was not assessed but deemed
to always have high community dependence.

% COMMUNITY DEPENDENCY ON EXTRACTION - Macro WSP Data
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Figure G-1. Community dependency on extraction

In each unregulated water source, community dependence and risk to the environment were compared using
an indicative matrix (Table G-1) to guide the prioritisation of mitigation strategies. Potential strategies were
presented to stakeholders for consideration and further development undertaken if required. Preliminary
strategies were formulated based on a general principle that if one risk is greater than the other, the proposed
strategy should then be commensurate with this fact.

For example, there are two potential strategies that a WSP can employ to mitigate medium or high risks to low
flows in an unregulated water source: restricting future water trade into the water source, or restricting water
use by creating or amending access rules. If the risk to the environment from low flows is high and community
dependence is low, then both of these strategies may be considered. If community dependence is high
however, then trade restrictions may be the only viable strategy. Trade restrictions need not be applied to an
entire water source but instead, may be targeted to the particular sub-catchments where key ecological assets
have been identified.
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Table G-1. Indicative matrix to guide the development of strategies relative to community dependence versus
risk to the environment

Community dependence on extraction

Low Medium High
é Low No strategy required No strategy required No strategy required
=
2
'é . Prioritise risk Reassess and modify Reassess and modify
o Medium mitiaati
o gation strategy strategy strategy
<
E High Prioritise risk Prioritise risk mitigation Reassess and modify
o 9 mitigation strategy strategy strategy
74

Environmental or other external constraints to implementing a strategy

Many of the draft strategies identified in this report aim to mitigate impacts resulting from changes in the flow
regime due to river regulation and water extraction. Significant changes in the volume and timing of flows are
identified in the likelihood metrics and strategies have been formulated to address high and medium risk as
required in the Basin Plan.

Strategies can be formulated to address hydrological changes; however, their success in meeting the
underlying ecological objectives may be reliant upon other externalities or environmental constraints, which
may not be directly related to the hydrological regime. Examples of such externalities include; cold water
pollution from in-stream storages, barriers to fish passage due to water regulation or road infrastructure, the
entrainment of fish in irrigation infrastructure (such as channels or pumps), the condition of riparian vegetation
or the degree of catchment disturbance. In these cases, complementary strategies to address the external
constraints may also be required to achieve the maximum ecological benefit.

There are opportunities for government agencies, including NSW Local Land Services (LLS), to work closely
with NSW Department of Industry in managing external constraints through complementary measures.
Collaboration between natural resource management (NRM) groups to examine alignment of priorities has
been a continued focus of NSW Government (NRC 2010). Alignment of NRM continues to be identified as a
priority for LLS (LLS 2016) and for the management of environmental water and water quality in NSW (OEH
2014). Alignment of NRM priorities for river management will assist in strengthening the outcomes of mitigation
measures identified through this risk assessment.

This section identifies the major environmental and external constraints to implementing strategies in the
Macquarie-Castlereagh WRP.

Cold water pollution

Cold water pollution is the release of unseasonable cold water from deeper layers of thermally stratified
storages. This occurs most often during the warmer months when irrigation water is in high demand.
Temperature has a wide range of influences on biological processes, where the release of cold water can
interrupt important biological cues such as spawning in fish and other fauna, creating a physiological barrier to
habitat connectivity, reducing the growth rate of fish and also result in mortality (Lugg and Copeland 2014).

There are two irrigation dams located in the Macquarie-Castlereagh WRP area, Windamere Dam, on the
Cudgegong River near Mudgee, and Burrendong Dam, on the Macquarie River near Wellington. Windamere
Dam was completed in 1984 and being one of the more recent dams to be built in NSW, was designed and
constructed with a variable level offtake mechanism. This offtake allows the water released to be taken from a
level that optimises both temperature and water quality outcomes downstream of the dam. Thermal pollution
downstream of Windamere Dam is not considered to be a constraint on the Cudgegong River.

Burrendong Dam was identified as a high priority for the control of thermal pollution (NOW 2011c) and was
retrofitted with a thermal curtain in July 2014. This curtain allows for warmer surface waters to be funnelled
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into the inlet structure for release downstream. The effectiveness of this solution is the subject of ongoing
monitoring. Should the curtain operate as designed, it is envisaged thermal pollution in the Macquarie River
downstream of Burrendong Dam would no longer be a constraint to meeting ecological objectives.
Unfortunately, technical issues associated with the operation of the curtain has resulted in the curtain being
temporarily removed pending design modification.

Barriers to fish passage

Migratory pathways across the majority of rivers in NSW have been disrupted through the construction of in-
stream structures associated with river regulation such as dams and weirs as well as road crossings, culverts
and other road infrastructure.

NSW DPI Fisheries (2015a) report that barriers to fish passage can impact native fish populations by:
e Interrupting spawning and seasonal migrations
e Restricting access to preferred habitat, food resources and breeding partners
¢ Reducing genetic flow between populations
¢ Increasing susceptibility to predation and disease through aggregation below barriers
e Stranding fish on floodplains or in drying waterbodies
e Fragmenting communities and preventing colonisation
¢ Advantage introduced species such as Carp (NSW DPI Fisheries 2015a)

¢ Disrupting downstream movement of adults and impeding larval drift (Jones & Stuart 2004; NSW DPI
Fisheries 2006; Jones & Stuart 2008; Jones 2009).

In-stream structures and other mechanisms that alter natural flow regimes have been listed as a key
threatening process under the Fisheries Management Act 1994. The NSW Office of Environment and Heritage
has also listed in-stream barriers as a key threatening process under the Threatened Species Conservation
Act 1995. The construction of fishways at major barriers and the management of in-stream structures to
reduce their impact on biodiversity and habitats (for example, opening of flood gates at certain times of year)
have been identified as high priority abatement actions.

DPI Fisheries have identified over 300 barriers to fish passage in the Macquarie-Castlereagh WRPA (NSW
DPI Fisheries 2015b) including weirs, regulators and road crossings (Error! Reference source not found.).
These fish barriers have a varying degree of impact on native fish, with some drowning out more frequently
than others to provide suitable passage. The cumulative impact of such structures across the catchment
impedes natural flow and connectivity, which is a fundamental ecological feature and likely to be a
considerable constraint to the success of strategies. DPI Fisheries have identified 100 barriers which are
considered to be high priority for mitigation action. These barriers are identified in the summaries presented in
Volume 2 and are considered potential constraints to the success of hydrological risk mitigation strategies.
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Figure G-2. In-stream constraints to fish in the Macquarie-Castlereagh WRPA (adapted from NSW Department of
Primary Industries, 2015a)

Water diversion

NSW DPI Fisheries (2015a) cite that the diversion of water by pumps, pipelines, irrigation canals or regulators
can have a significant impact on native fish by altering habitat and affecting flow dependent life history
strategies such as spawning and recruitment (Baumgartner and Boys 2012). Diversion and stranding in off-
channel irrigation systems is said to be particularly problematic for the larval stage of most native fish species,
especially golden perch, silver perch and Murray cod, as the timing of irrigation diversion coincides with the
peak egg and larval drift during the spring and summer seasons (Baumgartner et al. 2007).

The entrainment of fish in irrigation infrastructure is an issue which may influence the ability of flow
management strategies to meet their ecological objectives. In Europe and the United States, a wide variety of
pump screens are currently applied which could be readily adapted for use in the MDB. In New Zealand, the
screen designs routinely applied are modifications of existing designs to meet the requirements of local
conditions (Baumgartner and Boys 2012). For some years, DPI Fisheries have been advocating a screening
program as the best way to reduce fish losses without compromising the needs of irrigators within the MDB.

In the Macquarie-Castlereagh WRPA, it is reported that there are over 1200 pump offtakes with a diameter
greater than 200 mm (Error! Reference source not found.) (NSW DPI Fisheries 2015b). There is some
suggestion that irrigation pump offtakes, with a diameter greater than 200 mm, influence the entrainment of
freshwater fish (NSW DPI Fisheries 2015b). Based on the current information from the QLD Department of
Agriculture and Fisheries and NSW DPI Fisheries, a 200 mm diameter size threshold was selected as a
potential threat to native fish; however this threshold has not been substantiated and therefore should be
considered as an interim threshold. The cumulative effect of these offtakes is expected to have a significant
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impact on native fish populations in the lower Macquarie-Castlereagh WRPA during peak extraction times. In
addition to this, NSW DPI Fisheries (2015a) report there are over 100 diversion channels that capture over
bank flows in key fish habitats, significantly influencing an important flow component in the system with the
potential to impact native fish populations.

Riparian vegetation condition and catchment disturbance

Riparian vegetation is a key attribute connecting rivers and terrestrial ecosystems. It is important for controlling
river bank stability, mitigating runoff, providing sediment and nutrients from the adjacent land, providing habitat
for a range of biota and influences in-stream processes (Lovett and Price 2007). Leaf litter derived from
riparian vegetation is also a key contributor of allochthonous energy sources into rivers, driving primary
production and stimulating the development of food chains (Robertson et al. 1999; Westhorpe et al. 2010).
Native riparian vegetation cover greater than 60 % and a riparian buffer zone width of up to 30 m are
considered to be within the ranges important for influencing good riparian condition (Jansen et al. 2005). A
positive increase in the presence of large woody debris (LWD) within rivers was correlated with a positive
increase in riparian tree cover, maximising when tree cover reaches 60 percent (Matheson & Thoms in prep).
LWD derived from the riparian zone is associated with primary control on geomorphic stability and habitat
heterogeneity in rivers (Brooks and Brierley 2002; Treadwell et al. 2007).

Changes to riparian vegetation can reduce the geomorphic condition of rivers (Brierley and Fryirs 2005).
Reduction in geomorphic condition from good to moderate can be linked to reductions in macrophyte and
macroinvertebrate assemblages (Chessman et al. 2006), while freshwater mussel abundance declines in river
reaches where geomorphic condition also reduces (Jones and Byrne 2010). River Styles® recovery potential is
synonymous with geomorphic condition. Recovery potential represents geomorphic stability and can indicate
the capacity of a stream to return to good condition or to a realistic rehabilitated condition (Brierley and Fryirs
2005). Streams rated as having conservation or rapid recovery potential are likely to be the most stable and in
a good condition, whereas streams with low recovery potential may never recover to a natural condition or
may continue to decline quickly without intervention (Cook and Schneider 2006).

Long-lasting and complicated changes to stream ecosystems can occur through catchment disturbance
impacts attributed to land use change (Maloney and Weller 2011). Catchment disturbance is recognised as an
important factor that influences river condition (NLWRA 2002), where land use changes close to streams can
have a more pronounced impact on reducing stream condition (Peterson et al. 2011).

Error! Reference source not found. and Error! Reference source not found. provide a general overview of
riparian and geomorphic condition for the Macquarie-Castlereagh WRPA. For river recovery potential (Error!
Reference source not found.), river reaches identified as being “strategic” can be in good, moderate or poor
geomorphic condition. These reaches are often undergoing rapid change and should be a focus for action to
control degradation. Where these constraints are considered to be particularly important for a specific water
source and its mitigation strategies, further details are in the water source summaries (Volume 2).
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Figure G-3. Percent cover categories of native woody riparian vegetation in the Macquarie-Castlereagh WRPA
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Figure G-4. Geomorphic recovery potential in streams in the Macquarie-Castlereagh WRPADetermining new or
modified strategies for unregulated water sources

A decision tree logic (Error! Reference source not found.) was used to examine risks due to insufficient
water available for the environment, and to prioritise mitigation strategies addressing these risks in
unregulated water sources. Through this process, each risk is considered using the decision tree as a guide to
offer a level of objectivity in the development of strategies whilst allowing for flexibility and adaptive
management where necessary. Strategies are then discussed through consultation with NSW Department of
Industry, Water Resource Plan Stakeholder Advisory Panels, the MDBA and other relevant stakeholders. The
outcomes of these discussions can influence the development of the final strategies within the WRP in order to
reduce the impact of medium and high risks of insufficient water for key ecosystem functions and assets.

The decision tree is focused on specific rules, such as a flow-based cease to pump (CtP). This is considered
an immediate strategy with the potential to mitigate medium and high risks identified in a water source.
Although the trade of entitlement is another potential rule to manage medium and high risks, it is not
considered an immediate mitigation measure, as there is no certainty of it occurring. Should trade of
entitlement occur within a medium or high-risk water source, it will likely have a longer term benefit by also
assisting in mitigating the impact on in-stream values via reduced levels of extraction.

Each bifurcation in the decision tree was annotated, allowing for a rationale for each decision to be explained
(Table G-2).
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Figure G-5. Decision tree used as a guide for developing strategies in unregulated water sources
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Table G-2. Rationale for each bifurcation in the decision tree used for determining strategies for unregulated water sources

Decision tree
annotation

Rationale

1 e This step breaks up the strategies based on the Murray—Darling Basin Plan requirements that strategies are commensurate with the level of risk.
o Where possible, draft strategies are being proposed to address water sources classified as medium or high risk.

¢ Medium and high risks are considered the most important categories for ensuring adequate mitigation measures are determined.

e Confidence in the data is high.

2 e This step is associated with medium and high-risk water sources.

e High and very high consequence categories are considered the most important for ensuring adequate mitigation measures are determined.
¢ Medium consequence categories are considered important but are not prioritised over high and very high consequence.

e Low and very low consequence categories do not provide sufficient evidence to justify the changing of access rules.

e Confidence in the data is high.

3 e Low and high flow risks to in-stream values are determined through the risk assessment process, where risks to six flow metrics were assessed.

o Low flows are considered to be zero flows, base flows and freshes. High flows are considered to be the bank full to over bank flows, identified in the risk
assessment as an average recurrence intervals (ARI) of 1.5, 2.5 and 5 years.

e Inunregulated systems, there are only opportunities to consider mitigation measures in low flows within a WSP.
e Mitigation measures for high flows are outside the influence of a WSP/WRP, where low flow management is the key focus.

e Confidence in the data is high.

4 e Community dependence is a factor that identifies the economic value of water extracted and the social benefit of extraction within a water source.

o Where community dependence is high and the consequence is high or very high, competition for water between licensed extractors and the environment
is greatest. Hence the need for more certainty in a CtP level using accurate, flow-based infrastructure. Low or medium community dependence allows
high and very high consequence water sources to be further investigated for potential access rule options.

o Medium consequence water sources are not prioritised for access rule reviews if the community dependence is considered to be high or medium.
However, if community dependence is low, there is potential to further investigate access rule options.

e Confidence in the data is LOW due to the data being collated in 2005-06 to support the macro WSP process. If the community dependence was updated
with the latest data from the Australian Bureau of Statistics (ABS), confidence would be higher.

o *Where there is no Community Dependency data, by-pass this step and the decision tree moves from step 4 to step 5. The attributes of high or very high
value sites are influenced by extraction pressure.
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Decision tree
annotation

Rationale

5 e This step breaks up either medium and or high risk water sources to ensure steps progressing towards the strategies continue to be commensurate with
the level of risk and available infrastructure.

e Existing rules are determined to be adequate to help mitigate medium or high risk waters sources following:
- An assessment of any monitoring of the rules during the life of the previous State-based WSP,
- There is existing evidence that indicates connectivity and water quality are managed through the CtP measures,

- There is inter-agency agreement that based on any of the above steps, existing WSP rules are adequate to reduce or limit the level of risk on the
medium or high risk water sources.

o Within the water source, consider the influence of any constraints that include:

- The location of 200 mm pumps. This should also be considered in relation to the potential influence (entrainment) they may have on in-stream assets
and function below and above where these pumps are located.

- The location of priority in-stream barriers (weirs, road crossings, in-stream dams) that have the most influence on reducing or removing longitudinal
flow connectivity during low flows need to be identified.

- The condition of the riparian zone, including changes to riparian vegetation and the geomorphic recovery potential of river reaches.

6 e The presence or absence of infrastructure is a key factor that may influence how medium and/or high risk water sources may be managed during low
flow periods.

o If infrastructure is available, it must also be reliable and accurate before considering access rule-based mitigation strategies.

7 o All existing or new strategies to assist in mitigating the risk to medium and high risk water sources will operate for the life of a WSP (10 years) unless
otherwise changed by the Minister.

o If existing rules are considered to be adequate, it is unlikely cases of third party impacts will arise, as the access licence holders will be familiar with pre-
existing rules and would have already made comment in earlier public exhibition phases of water sharing plan development.

8 e The Murray—Darling Basin Plan does not require mitigation strategies for water sources identified as low risk.
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Determining new or modified strategies for regulated water sources

As identified in previous sections, the operational, social, economic and environmental constraints to mitigating
risks often provide limited scope for addressing risks in regulated rivers. The ability to mitigate a risk in a
regulated water source primarily depends upon the flow class in which the risk occurs, the rules available
within the WSP or WRP, and any potential impact upon third parties. The rules available in a WSP for planned
environmental water generally only apply to low and medium flows. Rules are specific and can be unique to
each regulated river. They can take the form of rules to manage supplementary water, or in some WSP areas,
translucency rules, which allow small volumes of water to be released from storages to introduce flow
variability, often subject to seasonal and flow triggers. Large volumes of held environmental water are
managed by NSW OEH through the LTWP component of the Basin Plan. The operation of held environmental
water is not within the scope of either the WSP or the WRP.

Error! Reference source not found. shows the general decision-making process to address risks of
insufficient water for the environment in regulated rivers. A rationale was not provided for this diagram as it is a
consolidation of the concepts that are already detailed above.

Further draft strategies for future consideration

The following draft strategies were also considered during the development of the WRP (Table G-3).

Table G-3. Draft strategies

Draft strategy details Relevant river reaches

Strategic delivery of irrigation orders to mimic natural flow events All regulated river reaches

This draft strategy will investigate whether the risk associated with the reduced downstream of Windamere Dam;
frequency of freshes during late spring and summer can be mitigated by Macquarie downstream of
delivering bulk water in patterns that mimic natural flow conditions. The ability to | Burrendong Dam

implement this strategy will vary between years and seasons and must be
consistent with the need for efficient and timely water deliver. Discussions would
need to be undertaken between OEH and the CSC at the start of the irrigation
planning season, to examine whether delivery patterns can be varied without
impacting on water security and efficiency.

Reduce the risk to baseflow and fresh frequencies by releasing water All regulated river reaches
orders in a manner that more closely mimics natural flow events downstream of Windamere Dam,;
This strategy aims to improve the naturalness of flows in the Macquarie Macquarie downstream of
regulated river by attempting to mimic the rising and falling limbs of a natural Burrendong Dam

flow event.
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Figure G-6. Decision tree used as a guide for developing strategies in regulated water sources
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Appendix H Risk assessment definitions

® Water Resource Plan Risk Assessment Definitions

Pre WMA risk
Pre WMA risk is the risk that existed prior to the
introduction of the Water Management Act 2000
and WSPs. It is difficult to determine a date for
the assessment of pre WMA risk as a number of
rules addressing risks to the environment and
consumptive users from extraction were
introduced prior to 2000; in some regulated

Existing strategies
These are the WSP or WMA based rules or related
complementary processes or controls developed in
response to previous assessments of risk. Existing
strategies are generally defined as those that were in
place in NSW in 2012. These strategies are included in
risk calculations and are identified and in the WRP Risk
v Assessment reports. They are ongoing except where

Pre WMA / WSP

risk

valleys dating from the mid 1980s.

WMA risk assessment requirements

Existing strategies

they are modified or replaced by a new strategy.
NB There is a difference between existing active and
dormant strategies. The latter are strategies currently

developed and
implemented

Risk classification is a driver for WSPs. Assessment | —
of 3 elements is required - extent to which water
sources and dependent ecosystems are: at risk;
subject to stress; and conservation value merits
protection from risk and stress (WMA s.7(3)).

available under WSPs or the WMA that have not been
implemented as they introduce a level of management
that has not been required in a specific area. These
strategies may be used to address risk in the future if
they continue to be available under WSPs or the WMA.

Pre WRP phase 2000-2012

Current risk
Current risks are those risks that are affecting the
condition or continued availability of WRP water
resources. Examples include risks to the
environment and water users from water
extraction or from poor water quality. Current
risks have been determined with the existing
strategies in place and are based on best available
information. Assessments are based on the AS/
NZS 1SO 31000:2009 Risk Management —
Principles and Guidelines standard. (10.40, 10.41,
MDBA PS 9A). NB For regulated rivers owned or
recovered environmental water is also included
(based on the MDBA 2800GL recovery scenario).

Basin Plan risk assessment requirements

Future risk

Future risks have potential to affect the condition

or continued availability of water resources
during or subsequent to the WRP term. They are
assessed at the same time as current risks and are
also determined with existing strategies in place.
Future risks that have been assessed include risk
to the environment and to licenced water users
from growth in water use by LWUs and BLR (D&S,
farm dams), plantation forestry interception, and

climate change. (10.40, 10.41 MDBA PS 9A).

1. Environmental water needs (LTWPs, SWRAs,
existing strategies in place,
2. Productive base of GW-Structural integrity (GWRAs).
3. Productive base of GW-Connectivity (GWRAs)
risks /
(10.14, 10.20(1)(b), 10.41(2)(b))

A 4 WRPs must be prepared having regard to current and
GWRAS).
\ Risk to the structural integrity of an aquifer (or
Risk to hydraulic relationships and properties between
4, Interception (GWRAs & SWRAs)
Assess risk
treatment OptIO

WRP water resources (10.41(1)) including:
assessments

requirements (10.18, 10.41(2)(a), 4.02(1))

annual diversion limit (10.20(1)(a), 10.41(2)(b))
Define tolerable \

groundwater systems, and within groundwater system

(10.23, 10.41(2)(c))
5. Water quality (WQSMPs, GWRAs, SWRAs)
Risks arising from elevated levels of salinity or other
types of water quality degradation (10.21, 10.31,
10.41(2)(c), 4.02(1)(b)).

And consequential risks to:

6. Consumptive or other economic users (GWRAs,
document covering economic risk)
Risk that insufficient water is available or water is not
suitable for consumptive and other economic uses of
Basin water resources (4.02(2))
7. Social or cultural non/consumptive users (GWRAs &
SWRAs & document covering social / cultural risk)
Risk that insufficient water is available, or water is not

suitable to maintain social, cultural, Indigenous and
other public benefit uses (4.02(2)(b), 10.53(f)).

Tolerable risk

Tolerable risks are those risk results that NSW
considers to be acceptably addressed by existing
and/or new strategies. Low risk results are always

tolerable. There are a variety of reasons why

medium or high risk results may be tolerable
including balancing environmental, social, cultural

and economic demands on water resources

0 future risks to condition and continued availability of

WREP risk

Risks to the capacity to meet environmental watering
\ 4 connected aquifer) from take within the long-term
groundwater and surface water systems, between
Risks arising from potential interception activities
Develop new
strategies
(if required)

time line
WRP development phase 2012-2019 — RISK ASSESSMENT CONTENT

(10.22(b), 10.31, 10.43(1)(b), MDBA PS 9B, WMA Predict
s.3,5). NB If a risk cannot be reduced to a or calculate New strategies
tolerable level, an explanation is required. residual risk These strategies complement, refine, or replace existing

WSP or WMA based strategies. They are developed in
response to medium or high risk results (additional
Residual risk is the risk level remaining after the strategies are not required for low risk results) and may

application of new strategies to the first risk include existing WSP phase-in rules. There are several
result. Residual risk may be calculated or v types of strategies that may be applied; the Basin Plan
predicted based on expert knowledge. If a ) ) ) identifies strategy scope in section 4.03(3). Strategies
residual risk can’t be determined, the risk remains Flnallse rISk are identified in the WRP, and related documents, and
at the initial level. (MDBA PS 9B). assessments summarised in the risk assessment reports.
NB this calculation may also include the likely NB all strategies must be commensurate with the level of
effects of adjusted existing strategies. risk to which they are applied.

Residual risk (if possible)

Implement new

£ g strategies Monitor and evaluate
g« the effectiveness of the|
o . X WRP

e Reassess risk to

=9 guide development

of next WRP

v

Figure H-1. Water resource plan risk assessment definitions
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