February 2020 Flood

Hawkesbury-Nepean Valley
30 June 2020

Presentation to Legislative Council Select Committee




Matters raised for discussion

Discuss the February 2020 flood:

« Compare the event to the models and forecasts underpinning the current flood
assessments

 What were the impacts of the flood — upstream and downstream?

 How early warnings and evacuation systems worked?

Wik
NSW

GOVERNMENT



February 2020 flood — presentation to Select Committee

1. About floods

= Likelihood and consequence
= In the Hawkesbury-Nepean
=  Current conditions

2. February 2020 rainfall event
»  The rainfall event
= Inflows to storages
=  Upstream impacts
=  Water quality management

3. February 2020 flood
= In context
=  The flood event
=  Downstream flooding
=  Emergency warnings and response e
; = Had Warragamba Dam been full ‘(LQ‘L’)'
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In summary ...

February 2020 event was a small flood with around a 1 in 5 chance per year

There have been 55 similar sized floods since records began

Warragamba Dam was around 43% full at the beginning of the rainfall event and captured all inflows
Warragamba Dam didn’t fill and spill during the February 2020 event — or since

There were no upstream impacts in the dam catchment from the dam storage or operations

Most downstream impact in low lying areas: bridges closed, around 65 properties affected, less than
200 people ordered to evacuate

Had the dam been full: flood levels downstream around three metres higher, 1000 properties affected,
and 2,500 to 3000 people ordered to evacuate

Bureau of Meteorology predicts a higher likelihood of La Nina conditions with increased chance of w
above average rainfall and potential flooding — noting Warragamba Dam storage is at ~82% ‘(Ll‘llp’
NSW
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About floods




About floods - likelihood or chance of a flood

Floods are naturally occurring probabilistic events

Smallerfloods occur relatively frequently - large floods occur infrequently

Flood frequency is described as a chance of happening in any given year:
* 1in 100 (1%) chance per year, or 1% Annual Exceedance Probability (AEP)

« does not mean can only occur once every one hundred years

PMF — probable maximum flood
» theoretical estimate of the upper bound of possible flooding

» defines the limit of flood prone land
* while term is ‘probable’— PMF is highly improbable
* has less than a 0.001 % chance of happeningin any year. s
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About floods — consequences of flooding

The Bureau of Meteorology uses a three-tiered consequence classification:

Minor flooding

« Causes inconvenience. Low-lying areas next to water courses are inundated.
* Minor roads may be closed and low-level bridges submerged.

* Removal of stock and equipment may be required.

Moderate flooding
« Main traffic routes may be affected. Some buildings may be affected above the floor level.
« Evacuation of flood affected areas may be required. In rural areas removal of stock is required.

Major flooding

« Extensive rural areas and/or urban areas can be inundated and evacuation may re required.
« Many buildings may be affected above the floor level.

* Properties and towns are likely to be isolated and major rail and traffic routes closed.
 Utility services would be impacted.

Social cost of flooding:

« Consequences of flooding go beyond impacts to property, assets and utilities.

« A 2016 study by Deloitte Access Economics showed that the social costs to people impacted by major flooding ((“’)
can equal or exceed the direct damages.
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Warragamba Dam =
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About floods in the Hawkesbury-Nepean — what is the chance?

February
2020 flood

/“'\ What is the ‘chance of a flood’ in the
S8 Hawkeshury-Nepean Valley?

Very high chance
(Small flood)

Site A has a:

100%

chance
of flooding in an
80-year lifetime

OR a 20% chance
each year.

This is also called
alin 5 chance
per year flood.

This flood is similar
in size to the

February 2020 flood.

WEW STATE EMERGENCY SERVICE

High chance
(Large flood)

98%

of ﬂoodlng in an
80-year lifetime
OR a 5% chance
each year.

This is also called
a 1in 20 chance
per year flood.

This flood is
similar in size to
the 1990 flood.

Medium chance

Low chance

(Very large flood) (Huge flood)

Site Chas a:

55%

of flooding inan
80-year lifetime
OR a 1% chance
each year.

This is also called
a1in 100 chance
per year flood.

Site D has a:

15%

chance

of flooding in an
80-year lifetime
OR a 0.2% chance
each year.

This is also called
a1in 500 chance
per year flood.
This flood is
similar in size

to the 1867
record flood.

Graphic adapted from www.projectbroys.org

Extremely low chance
(Biggest possible flood)

Site Ehas a:

<0.1%

chance

of flooding in an
80-year lifetime.

This is the largest
possible flood in the
Hawkesbury-Nepean
Valley. It is based on
computer modelling
by flood experts and
is extremely unlikely
to happen. It is also
known as the probable
maximum flood (PMF).
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About floods in the Hawkesbury-Nepean — cyclic and unpredictable

= Scientists observed longer-
term wet and dry cycles:

flood dominated regimes -
FDR

drought dominated regimes -
DDR

= Cycles last 30 to 50 years

higher number and largest
flood events in FDR

= Hawkesbury-Nepean in a
DDR since early 1990s

» Uncertainty of climate
change effects on cycles

. L\
. Source: Infrastructure NSW “L“‘l;
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About floods — rainfall forecasts, soil moisture, dam levels

LATEST TOTAL STORAGE AND SUPPLY INFO - ALL DAMS

11

Australian Government

Bureau of Meteorology

Chance of exceeding the median rainfall for

August to October 2020

Model: ACCESS-S1
Base period: 1990-2012

Chance of exceeding median rainfall (%)

Model run: 15/06/2020
Issued: 18/06/2020

Root-zone SM deciles (using all avail.
data) May 2020 (AWRA)
Distribution based on gridded data
Australian Bureau of Meteorology

Soil moisture decile ranges

Highast on
record

Very much
above average

Above average

Average

Below average

Very much
below average

Lowest on
record

Australian Buroa of 1D codder: Analyser

Issued: Q0020

Latest volume

81 1 0/0 v 0.1 2,105,551 ML
- Change iE past Capacity

2,596,150 ML

View a snapshot of the Greater Sydney catchment @

Saturday 27 June

Click on the marker
to get all the local
dam information

Crookwell
[ ]

L]
Canberra

Total water supply for past week

7,928 ML

Average daily supply

1,133 ML

Net weekly storage change

-2,418 ML

Warragamba Dam
Warragamba

AT SATURDAY 27
JUNE

82.5% mk

Latest: 1,671,275 ML
Capacity: 2,027,000 ML

SNAPSHOT
100 —

80 — 82.5%
60 —

53.2%

LAST YEAR LATEST
COMPARISON
Previous year

Volume (%)

53.2 A 29.2%

Volume (ML)

1,079,280 4591995
0“
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February 2020 rainfall event




February 2020 — the rainfall event

13

Rainfall Totals (mm)
B <50

MAP RG-02-417
Legend Calibration Rainfall Ischyets
—; ‘Contours (25 mm) D.uljmhl Gauges Fabruary 2020

 soil moisture levels low across NSW

—$~ * Prior to February 2020 - much of NSW in prolonged
and severe drought

* much of the Hawkesbury-Nepean catchments had been

impacted by 2019-2020 bushfires

= Early February 2020 - a trough with embedded low-
pressure circulations hovered off the NSW coast

« not an East Coast Low - which cause most Hawkesbury-

Nepean floods

« event extended from 6 to 13 February

» generated significant rainfall over the Hawkesbury-Nepean
catchments — some locations recorded more than 500mm

* most intense rainfall over 12 hours on 9 February

« with follow up rainfall, February 2020 was wettest month

since June 2016
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February 2020 rainfall event — inflows to storages

= Warragamba Dam less than 43% capacity or
18.8m below full storage at start of event

« dam captured all catchment inflows, and in one 24
hour period rose by around 18%

» storage increased by 32% over the event reaching
more than 75% by 13 February

« storage rose to 83% in following weeks.
= Significant inflows to other catchment dams
« all Sydney’s dams low at start of event

* Nepean and Tallowa dams filled and spilled

* most other storages increased to at least 70%

. . . ~4309 — I
R increase in storages broadly equwalent to two years Warragamba Dam at ~43% storage — morning of 9 February 2020

water supply to greater Sydney.
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February 2020 rainfall event — upstream impacts

Warragamba Dam didn’t fill during rainfall event
— or since

= No upstream impacts in the dam catchment
from dam storage or operations

» Impacts from: upstream tributary flows, overland
and local catchment flooding, erosion — not from
the dam

» Bushfires followed by heavy rainfall and runoff
damaged catchment access roads, walking trails

» Event caused damage across local Council road
networks

» Velocity and volume of flows contributed to
impacts

15

FEBRUARY 12 2020 - 3:30PM

Burragorang Road to be closed for "along time"

] '\!s.\'-f'-"' . e i R
W }\. aw :"‘"!}"” 4

[za] Picture: Wollondilly Council

Burragorang Road at Back Creek, Belimbla Park sustained major damage
during the rainfall event

Extract from the Wollondilly Advertiser
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February 2020 rainfall event — water quality management

® Around 30% of Warragamba Dam catchment
and 90% of the Special Areas closest to the
storage were impacted by 2019-20 bushfires.

® Bushfires also impacted some water monitoring
instrumentation

® Floating curtain booms installed in Lake Burragorang
in January 2020 to minimise ash and debris
transport towards the supply off-take at the wall.

® While rainfall washed debris and ash into the lake,
the supply of water drawn from deep in the dam did
not impact the quality of supply for treatment.

= Water supply network operated with no
disruption to raw water supply or quality.

16

Bushfire silt and ash fears prompt installation of
curtains and booms at Warragamba Dam

B Kedhlesn Caldor o,
Pested 15 Jan 20230, updated 15 Jan 2220

looms wilbe vees to trag silt and 2sh frarm the sushfires, (Seopiied)

Extract from ABC online news item - 15 June 2020
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February 2020 flood




February 2020 flood - historical context

18

February 2020 flood:

first Moderate flood since 1992

likelihood of approx. 1 in 5 (20%) chance per year - or
almost a 100% chance of happening at least once in an
80-year lifetime

peaked at 9.3 (AHD) metres at Windsor

By comparison:

last major flood in 1990 had around 1 in 20 (5%) chance
per year and rose more than four metres higher at Windsor

largest flood in living memory (1961) had ~1 in 40 chance
per year - peaked more than five metres higher at Windsor
(15 metres AHD)

largest flood on record (1867) had approx. 1in 500 (0.2%)
chance and peaked more than 10 metres higher at Windsor
(19.7 metres AHD).

1961 flood - South Windsor

= NSW
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Flood seasonality and severity Windsor — 1794 to 2020

NO. OF 20

EVENTS
PER 18

MONTH

16
14

12

10 I I

0

)}

FLOOD FREQUENCY EXPRESSED IN CHANCE PER YEAR"

1in 3 to 5 chance ® 1in 6 to 10 chance @ 1in 11 to 20 chance

* More frequent floods are smaller and less frequent floods are bigger.

19 ** These frequencies are not represented in the bar graph as they did not occur between 1794 and 2020.

Note: Only floods reaching 10 metres before 1857, and 8 metres since 1857, are included.

Jan Feb Mar Apr May Jun Jul Aug

@ 1in 21to 50 chance
@ ““1in 51to 100 chance @ **1in 101to 200 chance @ 1in 201to 500 chance

NO. OF EVENTS WITHIN
FLOOD FREQUENCY

1

\°

97

events °°

Dec
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Flooding in the Hawkesbury-Nepean — sub-catchment
contributions to Windsor

16 8.8
Legend

Others (incl. Erskine, Glenbrook, Mulgoa creeks)

February 2020 event:

Had Warragamba Dam
been full, the 41% inflows
captured by available

® South & Eastern creeks
15 u Grose River 7&
= Nepean River to Wallacia
mWarragamba Inflow

m Warragamba Inflow Retained 6.8

m Warragamba Outflow

5.8 .
— airspace would have
ajor
— spilled and downstream

flood levels peaked three
metres higher.

3.8

Level at Windsor Bridge (m AHD)

2.8

6%
8%
12%

Depth over old Windsor Bridge deck (m)

0.8
65%
Moderate
Flood Level
ood Leve s “
November 1961 March 1978 August 1986 May 1988 April 1989 August 1990 February 2020 Catchment Area “l“’)’
20 (1in30-40 AEP)  (1in20-30 AEP) (1in5-10 AEP) (1in 10-20 AEP)  (~1in 5 AEP) (~1in 20 AEP) (~1in 5 AEP) to Windsor a\|
Flood Date (Approximate AEP at Windsor) NSW

GOVERNMENT
Source: Infrastructure NSW



February 2020 flood — modelling context

Peak Flood Level at Penrith (m AHD)
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Q Modelled and historic flood peak levels at Penrith and Windsor
< M Carlo E
- D . vionte Lario cvents
e o , 0
S ceve? ea\“o‘ BT \'
S \O“ge e © SR T 8 O Feb
2 W ¢ o0 a2 a0 AR 2020
= g y ot — June 1867 -
— X peak level
W\ 19.7 m AHD
TJ ‘a\\‘\“g
> 1
()]
—
©
@)
O 10
L
< February 2020 event
O . within the range of
o - modelled events — peak
level 9.3 m AHD
20 22 24 26 22 30 32 34

Source: Infrastructure NSW
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February 2020 flood — modelling context

Modelled Flood Rate of Rise at Windsor between 4 and 8 m AHD - Current Climate

H 25
Flood had a relatlvely fast rate of Shows rates of rise in the earlier part of the
rise, but not beyond the rate flood event — important for informing
modelled for a small event smefgency responseactions

[ ]

* Driven by intense rainfall in smaller . e .
downstream catchments, flood was _""l _‘__ "'_' . * .
fast to rise but fell well short of the 15 v LI o . i
flood planning level. Pes wmmow _resn b ® ke .

L] i e AR g
'=' Ly K F 1 11 N.1.3 ]

[y

e Fastrates of rise can occur with
smaller flows when the floodwaters
remain largely within banks.

=]
[5,]

Flood Rate of Rise at Windsor - 4 to 8 m AHD [metres perhour)

* Inflows from larger Warragamba and
Nepean catchments required to cause
significant flooding across the large °, w w00 1000 10000
Penrith/Emu Plains and Flood Event Annual Exceedance Probability (4 fn X years)

Richmond/Windsor floodplains. Bl oceled mAeR Feszez0
Scatter plot of more than 19,500 modelled flood events Source: Infrastructure NSW
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February 2020 Flood - flood extent

1 in 5 chance per year flood - similar to February 2020

Flood Extent and Depth

1in 5 AEP (20% chance per year flood)

0-0.3m depth 05-12maepth [ 2-4mdepth
0.3 - 0.5m depth [ 12-2mdeptn [ >4m ceptn

RICHMOND-WINDSOR FLOODPLAIN

[] 2 4
————————
KIOmetres {1°657,000 31 A3)

“2ISES o

HEW
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Modelled 1 in 100 chance per year flood
— similar to 2011 Brisbane flood

RICHMOND-WINDSOR FLOODPLAIN
Fiood Extent asd Daplh

ELLE TSR 4in 100 AEP (10 chance par your flaod)
T & Mg = & 503 ey HRET T FRCT
et eyt TprereTay PRI Rl
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February 2020 flood event — downstream flooding

24

Downstream flooding driven by inflows from

catchments other than Warragamba

Rainfall moved across the catchments north to south.

Typically Grose River inflows contribute about 10% of
total flows to the Nepean River at their junction.

With all Warragamba inflows captured, peak flow on
the Grose River was as much as 40% of total flows at
junction of Nepean River.

Even with a PMF in the Grose River and minor
contributions from other sub-catchments, flooding at

Windsor would be below 1 in 20 chance per year level.

South Creek also contributed significant inflows.

Local catchment and overland flooding contributed to
the event.

Upsteam from junction with Grose - Yarramundi Bridge on
Nepean River — morning of 9 February 2020

: (7 \J
= 4 3 ‘«L“Q’_p’
’ NSW

South Creek flooding at St Marys — 10 February 2020 GOVERNMENT



February 2020 flood event — downstream communities

25

Perceived by many in downstream communities
as a major flood event

Many in community had not experienced a flood

Bridge closures caused significant disruption and concerns -
people don’t perceive bridge closures as ‘Minor’ impact

Anecdotal feedback - event was a “1 in 100 year flood”
when actually much smaller (1 in 100 chance per year flood
would have been eight metres higher at Windsor)

Rainfall and local runoff caused damage to homes and other
assets - many NSW SES call outs

Local catchment and overland flooding contributed to road
closures and community disruption

Misconception in community that Warragamba Dam was
spilling and contributing to the flood

FEBRUARY 10 2020 - 11:42AM

Richmond, Windsor bridges flooded for
first time in 28 years as Hawkesbury
lashed with rain and wind

Sarah Falson Community

f L J A A A W Comments

WILD rain and wind lashed the Hawkesbury over the weekend, during which
up to 90 calls were made to the local State Emergency Service (SES) unit for
help with weather-related emergencies.

Sunday afternoon saw both the Windsor and Richmond bridges closed by
3pm due to rising flood waters. It was the first time in 28 years that water had
submerged the decks of the two bridges. Minor flooding was also reported at
Sackville and Lower Portland, and Richmond lowlands residents were
evacuated to higher ground. Moderate flooding occurred along the Colo River
at Putty Road.

o5
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Photo: Geoff Jones

Extract from the Hawkesbury Gazette
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Downstream impacts — bridges closed on 9 &10 February 2020
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Windsor Bridge - under debris

Wallacia Bridge



Downstream impacts — flooded roads and causeways

Pitt Town Road
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Downstream impacts — low lying areas inundated
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Nepean River at Penrith — largely stayed within banks
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Photoi Adam Hollingw orth Source: Infrastructure NSW- "



Looking north — junction Hawkesbury River and South Creek
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Photo: Taunton Media

Photo: Taunton Media



Looking east — Windsor to McGraths Hill

Photo® Taunton Media



Downstream impacts — when the floodwaters subsided




February 2020 flood — emergency warnings and evacuation
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Warning Process — Hawkesbury-Nepean

/ Bureau of \

Meteorology
Flood
Warnings
(3 hourly basis)
also on BoM
website

>

K (22 issued) /

SES Evacuation
N Timeline Decision

Process

34

SES Flood
Bulletin

(3 hourly basis)
(110 issued)

-

YV VYV

SES Evacuation

Warnings
(4 issued)

=

SES Evacuation
Orders
(4 issued)

-

Email
Radioand TV
SES Web site
Social Media —
Facebook &
Twitter

» EmergencyAlert—

SMS & voice calls

> Emaill
» Social Media

» Community

networks

> Radio

Community

~

/

Areas to be
evacuated
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February 2020 flood — emergency response

Wallacia flood gauge area — February 2020

Flood Gauge Utilities and Residential Population Evacuations
Height Infrastructure | Roads and Bridges homes affected Warnings and Orders Comments

8.7m gauge height Nil Blaxlands Crossing bridge closed No evacuationsorders  Nil evacuation centres activated
issued forthe Wallacia
Minor/Moderate Roads: area or Bents Basin Wallaciatownship becameisolated due to
flood » Greendale Rdtothe south cut at area closure of roads and Blaxlands Crossing.
Duncans Creek Last evacuation route would be via private
» MulgoaRd to the north cut Jerrys property to Park Rd east of Jerrys Creek
Creek
» Park Rd tothe eastcut at Jerrys Bents Basin area wasisolated forashort time.
Creek

Access to Warragamba township and Silverdale
onlyviaSilverdale Rd to the south

Penrith flood gauge area — February 2020

Utilities and Residential Population Evacuations
Flood Gauge Height | Infrastructure | Roads and Bridges homes affected Warnings and Orders Comments

Minor flood level Victoria Bridge remained open NIl Nil evacuations orders Nil evacuation centres activated

; Ae
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North Richmond flood gauge area — February 2020

Flood Gauge Utilities and Residential Population Evacuations
Height Infrastructure Roads and Bridges homes affected Warnings and Orders Comments

Peaklevel 11.7m Nil Yarramundi Bridge closed, partiallyisolating ~ Verysmall Evacuations ordered for 1 evaccentre at North Richmond

1:5 AEP the Yarramundi community before North number of following areas: Community Hall
Moderate flood Richmond Bridge closed residential
properties North Richmond—lowlands  Nil evacuees presented at this Centre
North Richmond Bridge closed isolated area along Terrace Rd

Windsor flood gauge area — February 2020

Flood Gauge Utilitiesand Residential Population
Height Infrastructure Roads and Bridges homes affected Comments

Around 3-3.5m Sackville Ferry closed
LowerPortland Ferry closed based on
assessment of debris load (higher due to
bushfires)and ferry cable heights
Webbs Creek Ferry

5.6-5.8m AHD Nil WindsorBridge (old bridge) closed earlier Nil Nil Nil
due to heavy debris load

New Windsor Bridge works not completed.

Peaklevel 9.3m Nil Windsor Bridge closed 65 180 residents Evacuationsordered for Two evacuation centres activated:
AHD All Ferries closed followingareas: » Windsorevacuation centre - 15 people
1:4 AEP Total: 180 » North Richmond lowlands presented
Moderate flood For area west of Hawkesbury Riverand » Richmond Lowlands » Richmond evacuation centre
Webbs Creek: » Pitt Town Bottoms Evacuees:
» Only accessroute to Sydney viaBells Line » Gronos Point » Some residentsonthe higherrim of Pitt
of Road Town and Richmond Lowlands did not

36

» Only access route north to Putty via Putty
Road

A small number of boat
shedsinthe lower parts of
Gronos Pointwere partly
flood affected

evacuate.



Impact assessments

» Impact assessments at the
property level

» Conducted by NSW SES, RFS and
Fire & Rescue NSW teams

 North Richmond Lowlands area

* Richmond Lowlands (Cornwallis
area)

* Pitt Town Bottoms

* Low lying area in Gronos Point

Source: NSW SES

Building structures
. Wik
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February 2020 flood — had Warragamba Dam been full

= Low levels in Warragamba Dam at the
start of the event (~43%) significantly
reduced downstream flooding

38

Flood experts (WMAwater) calibrated
event and assessed impact of
Warragamba Dam starting levels on
February 2020 event

Peak inflow to the dam estimated to be
slightly less and 1 in 20 chance per year
event — best estimate of approx. 1in 16
chance per year at the dam wall

Observed flooding at Windsor was just
under 1 in 5 chance per year.

Had the dam been full, flooding would
have been about three metres deeper
for the Penrith/Emu Plains and
Richmond/Windsor floodplains.

(MAHD)

Stage

—— Observe: d

Modelled at Observed Dam Level

——Modelled at Full Supply Level

>

RVAVAN V\/N\

06/02/20 07/02/20 08/02/20 09/02/20 10/02/20 11/02/20 12/02/20 13/02/20 14/02/20 15/02/20 16/02/20
05:00 05:00 05:00 05:00 05:00 05:00 05:00 05:00 05:00 05:00 05:00

Date Time

Source: WMAwater, courtesy Infrastructure NSW .“
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February 2020 flood — had Warragamba Dam been full
mprct —Joomequences

Evacuation orders

Evacuation facilities

Roads cut
Bridges
Railway lines
Ferry services

Essential services

Inundation of agricultural lands

Community disruption and
isolation

Clean up, recovery and repairs

»Mental health impacts

* Orders for between 2,500 to 3,000 people from more than 1,000 homes including:
- parts of Windsor, McGraths Hill, Oakville, Vineyard, Pitt Town, Cattai, Mulgrave, Freemans Reach, Wilberforce,
Agnes Banks, Ebenezer, Yarramundi, Jamisontown; and
- all of Pitt Town Bottoms, Gronos Point, Richmond Lowlands.
* Emergency services would closely monitor forecasts and prepare for further evacuations

* Mass care evacuation facility activated at Olympic Park, Homebush for evacuees from areas east of the river
+ Two medium sized evacuation centres established for areas on western side of river

Routes cut at Regentville, Jamisontown West, Emu Heights North, North Richmond Lowlands
Bridges closed: Wallacia, Yarramundi, North Richmond, Windsor

Richmond rail line closed due to rising floodwaters
Ferries closed at Lower Portland, Sackville, Webbs Creek, Wisemans Ferry

* Interruptions to power and sewerage in parts of the floodplain
* Loss of power to up to 6,500 homes Cranebrook area (not directly impacted by floodwaters)
* Raw sewage overflows to Hawkesbury River

Impacts on agricultural production, potential stock losses, and damages to agricultural infrastructure

For some communities disruption and isolation would last for days to weeks through the closure of roads, bridges, ferries
and community infrastructure, particularly for communities on the western side of Hawkesbury River

Significant recovery effort including to repairs to people’s homes, local road networks and other infrastructure - would be
expected to take weeks to months

For some people directly affected, the impacts on mental health would last much longer than time taken to repair homes
and local infrastructure. This is consistent with experiences in floods elsewhere and for other natural disasters.



Thank you
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