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Abbreviations and Definitions 
Acronym Description 

AHD Australian Height Datum 

ARI Average Recurrence Interval 

AEP Annual Exceedance Probability 
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DBC Destination Brisbane Consortium 
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QWBIRD Queens Wharf Brisbane Integrated Resort Development 
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1 Introduction 

1.1 Development Precincts 
The project name for the proposed development is the Queens Wharf Brisbane Integrated 
Resort Development (QWBIRD). In line with the PoD application terminology, each 
element of the development has been categorised into four precincts and associated sub-
precinct as shown in Figure 2 and Figure 3 respectively. 

1. Integrated Resort Development (IRD) Precinct, comprising: 
a. Resort Sub-Precinct; 
b. North West Sub-Precinct; 
c. North Quay Sub-Precinct; 
d. Queen’s Wharf Plaza Sub-Precinct; 
e. The Landing Sub-Precinct; 
f. Waterline Park Sub-Precinct; 
g. Goodwill Extension Sub-Precinct; 
h. IRD Heritage Sub-Precinct; 
i. Miller Park Sub-Precinct; 

2. Treasury Hotel and Casino Repurposing Precinct, comprising: 
a. Treasury Building Sub-Precinct; 
b. Lands Administration Building Sub-Precinct; 
c. Old State Library Sub-Precinct; 

3. Residential Precinct 

4. PDA Associated Development 
a. Bridge Sub-Precinct; 
b. Queen Street Interface Sub-Precinct; 
c. Turbot Street Sewer Upgrade Sub-Precinct. 
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Figure 1: QWBIRD Architectural Vision  
Source: Grimshaw Architects 

 
Figure 2: QWBIRD precincts 
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Figure 3: QWBIRD sub-precincts 

1.2 Purpose of PoD Hydraulic Component 
The development comprises a number of foreshore elements directly interacting with the 
Brisbane River. These include jetties, cut and fill earthworks, a boardwalk and a 
pedestrian bridge. As part of this study scope, a hydraulic analysis is required to inform 
the following: 

1. Hydrodynamic forces (generally referred as ‘flood load’) estimate for input into 
the foreshore design works; 

2. Flood Impact Assessment (the optimum design including mitigation shall lead to 
no adverse flood impact in accordance with the QWB PDA Development 
Scheme); and 

3. Flood Planning levels, flood hazard, risk assessment and emergency management 
planning in relation to QWB (i.e. emergency management planning of the 
Brisbane CBD is outside this study scope). 

For compliance with standard technical terminology, the analysis performed as part of 
the report will be referred as ‘hydraulic assessment’ or ‘hydraulic modelling’ rather than 
hydrology. 
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1.3 Precincts Considered for this Assessment 
With regards to the hydraulic assessment, only the sub-precincts directly interacting with 
the Brisbane River and/or with the potential to change the flooding behaviour of the 
Brisbane River have been represented. These include:  

1. Integrated Resort Development (IRD) Precinct: 
a. Resort Sub-Precinct; 
c. North Quay Sub-Precinct; 
d. Queen’s Wharf Plaza Sub-Precinct; 
e. The Landing Sub-Precinct; 
g. Goodwill Extension Sub-Precinct; and 

4. PDA Associated Development 
a. Bridge Sub-Precinct. 

1.4 Disclaimer 
When developing conceptual hydraulic models, there is always a degree of simplification 
required in order to simulate the complex nature of the physical system’s behaviour. A 
model is a representation of a system and may not reflect the exact flood behaviour at all 
points in time and space that would relate to a given storm event. The model developed 
by Arup has been rigorously tested and it provides consistent results; it is therefore 
considered suitable for this assessment.  
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2 Legislation and Assessment Criteria 
The development is part of the Queens Wharf Priority Development Area (PDA) 
Development Scheme which refers to the following guidelines:  

 State Planning Policy (SPP) and Development Assessment (DA) mapping  

 Brisbane City Council (BCC) Plan 2014  

 Handbook 7, Australian Emergency Management Handbook Series and SDAP 
Module 10: Coastal protection.  

The PDA development scheme also refers to the Brisbane River Catchment Flood Study 
(BRCFS) however this study was not available at the time of writing (ongoing). 

In line with industry standard practice, the site has been assessed against (i) risk of 
catchment flooding and (ii) coastal hazard separately. The results of these assessments 
are presented in sections 2.1 and 2.2 respectively. 

2.1 Catchment Flood Risk Policies  
The development is subject to the BCC City Plan 2014 (City Plan) which refers to the 
BCC flood overlay code. The development is also required to comply with the 
overarching State Planning Policy (SPP) ‘Natural Hazards risk and resilience, Part D — 
Model Codes and Provisions (April 2016)’. The guidelines set out by the SPP generally 
refer to local planning instruments. In this particular instance, compliance with the BCC 
flood overlay code also means that the SPP policies are complied with. Therefore, only 
the BCC flood overlay code policies are presented in this document.  

The City Plan flood overlay map indicates that QWBIRD is included within sub-
categories 1 to 5 of Brisbane River flood planning area, shown in Figure 4. Section 
8.2.11.3 of the flood overlay code sets out the assessment criteria and required 
performance outcomes for QWBIRD depending on these sub-categories.  

Refer to Table 1 for details of the required performance outcomes in accordance with the 
City Plan flood overlay code. 
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Figure 4: City Plan Flood overlay and QWBIRD (in Red) 

 

Flood Impact Criteria 

There is no formal criteria in the current legislation that defines what an ‘acceptable flood 
impact’ is for QWBIRD. Flood impact is generally expressed as a comparison of the 
predevelopment flood behaviour and the predicted post-development flood behaviour. 
This difference is presented in the form of flood impact maps, representing the change in 
flood levels or change in flood velocities from a development. Maps include a range for 
which the impact is considered tolerable, for instance a 0.015m change in flood levels. 
This means any increase within this range is considered acceptable and/or is considered 
a limitation of the model results accuracy with regards to impact quantification. 

For the approving authorities, the impact of a flood is determined in consideration of the 
development location and the modelling results.   
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2.2 Coastal Hazard Policies 
The development is subject to the BCC City Plan 2014 which refers to the BCC coastal 
overlay code. The City Plan Coastal Hazard overlay map shown in Figure 5 indicates that 
the proposed QWBIRD foreshore works are located in (i) an erosion prone area and (ii) 
a high to medium storm-tide inundation area; all proposed buildings are located outside 
the coastal hazard overlay (i.e. not affected by storm tide inundation). 

Section 8.2.11.3 of the Coastal Hazard overlay code sets out the assessment criteria for 
the QWBIRD.  

The development is also subject to the State Development Assessment Provisions 
(SDAP) Module 10: Coastal Protection. Refer to Table 2 and Table 3 for the required 
performance outcomes. 

 
Figure 5: City Plan Coastal Hazard overlay and QWBIRD (in Red) 
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3 Compliance Against Legislation  

3.1 Flood Hazard Overlay Code 

The performance outcomes from the BCC Flood overlay code that are relevant to the 
project development are listed in Table 1. 
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3.2 Coastal Hazard Overlay Code 

The performance outcomes from BCC Coastal overlay code that are relevant to the 
project development are listed in Table 2. An assessment against the State 
Development Assessment Provisions (SDAP) Module 10 is presented in Table 3. 
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ca

te
d 

w
ith

in
 c

oa
st

al
 h

az
ar

d 
ar

ea
s f

or
 st

or
m

 
tid

e 
in

un
da

tio
n 

an
d 

er
os

io
n 

pr
on

e 
ar

ea
s. 

 M
uc

h 
of

 th
e 

de
ve

lo
pm

en
t i

n 
ar

ea
s o

f c
oa

st
al

 h
az

ar
d 

ris
k  

ca
n 

be
 c

on
si

de
re

d 
co

as
ta

l d
ep

en
de

nt
 d

ev
el

op
m

en
t, 

in
cl

ud
in

g 
th

e 
je

tti
es

 a
nd

 
bo

ar
dw

al
ks

.  
A

re
as

 o
f p

ub
lic

 re
al

m
 e

xp
an

si
on

 a
lo

ng
 th

e 
fo

re
sh

or
e 

of
 th

e 
riv

er
 h

av
e 

al
so

 b
ee

n 
de

si
gn

ed
 to

 im
pr

ov
e 

th
e 

ac
ce

ss
 o

f t
he

 p
ub

lic
 to

 th
e 

riv
er

. 
Th

e 
Q

W
B

 P
D

A
 c

on
si

st
s o

f r
ed

ev
el

op
m

en
t o

f a
n 

ex
is

tin
g 

bu
ilt

-
up

 u
rb

an
 a

re
a 

(th
e 

B
ris

ba
ne

 C
B

D
) a

nd
 d

es
ig

n 
co

ns
id

er
at

io
ns

 
ha

ve
 b

ee
n 

in
co

rp
or

at
ed

 to
 e

ns
ur

e 
pr

ot
ec

tio
n 

an
d 

m
iti

ga
tio

n 
fr

om
 

co
as

ta
l h

az
ar

ds
.  

Th
is

 in
cl

ud
es

 th
e 

lo
ca

tio
n 

of
 a

re
as

 o
f p

ub
lic

 
op

en
 sp

ac
e 

an
d 

in
fr

as
tru

ct
ur

e 
th

at
 c

an
 b

e 
re

ad
ily

 e
va

cu
at

ed
 o

r 
ab

an
do

ne
d.

 
N

on
e 

of
 th

e 
Q

W
B

 b
ui

ld
in

gs
 a

re
 a

ffe
ct

ed
 b

y 
st

or
m

 ti
de

 e
ve

nt
s, 

in
cl

ud
in

g 
st

or
m

 su
rg

e 
m

od
el

le
d 

fo
r t

he
 a

re
a .

  
Th

e 
de

si
gn

 o
f a

ll 
st

ru
ct

ur
es

 w
ith

in
 th

e 
er

os
io

n 
pr

on
e 

ar
ea

 h
av

e 
in

cl
ud

ed
 a

pp
ro

pr
ia

te
 m

ea
su

re
s t

o 
m

iti
ga

te
 ri

sk
 a

ss
oc

ia
te

d 
w

ith
 

er
os

io
n 

an
d 

ha
ve

 a
 1

00
 y

ea
r d

es
ig

n 
lif
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1.
2 

D
ev

el
op

m
en

t r
ef

er
re

d 
to

 in
 A

O
1.

1(
6)

 a
vo

id
s 

be
in

g 
lo

ca
te

d 
w

ith
in

 a
 h

ig
h 

co
as

ta
l h

az
ar

d 
ar

ea
, o

r w
he

re
 

th
is

 is
 n

ot
 p

ra
ct

ic
ab

le
, m

in
im

is
es

 th
e 

ex
po

su
re

 o
f p

eo
pl

e 
an

d 
pe

rm
an

en
t s

tru
ct

ur
es

 to
 c

oa
st

al
 h

az
ar

d 
im

pa
ct

s.
 

 
Th

e 
Q

W
B

 P
D

A
 w

ill
 e

ns
ur

e 
de

si
gn

 m
in

im
is

es
 p

ot
en

tia
l 

ex
po

su
re

 o
f p

eo
pl

e 
an

d 
pe

rm
an

en
t s

tru
ct

ur
e 

to
 c

oa
st

al
 h

az
ar

d 
ar

ea
s. 

 O
nl

y 
ar

ea
s o

f f
or

es
ho

re
 p

ub
lic

 o
pe

n 
sp

ac
e 

ar
e 

lo
ca

te
d 

w
ith

in
 th

e 
m

ap
pe

d 
st

or
m

 ti
de

 a
nd

 e
ro

si
on

 p
ro

ne
 a

re
a 

ha
za

rd
s. 

PO
2 

D
ev

el
op

m
en

t s
iti

ng
, l

ay
ou

t a
nd

 
ac

ce
ss

 in
 a

 c
oa

st
al

 h
az

ar
d 

ar
ea

 re
sp

on
ds

 
to

 p
ot

en
tia

l i
nu

nd
at

io
n 

du
e 

to
 a

 d
ef

in
ed

 
st

or
m

 ti
de

 e
ve

nt
 a

nd
 m

in
im

is
es

 
as

so
ci

at
ed

 ri
sk

s t
o 

pe
rs

on
al

 sa
fe

ty
 a

nd
 

pr
op

er
ty

.  

A
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2.
1 

D
ev

el
op

m
en

t w
ith

in
 a

 c
oa

st
al

 h
az

ar
d 

ar
ea

 is
 

lo
ca

te
d,

 d
es

ig
ne

d,
 c

on
st

ru
ct

ed
 a

nd
 o

pe
ra

te
d 

to
 m

ai
nt

ai
n 

or
 e

nh
an

ce
 th

e 
co

m
m

un
ity

’s
 re

si
lie

nc
e 

to
 a

 d
ef

in
ed

 st
or

m
 

tid
e 

ev
en

t b
y 

lim
iti

ng
 th

e 
ex

po
su

re
 o

f p
eo

pl
e 

an
d 

st
ru

ct
ur

es
 to

 a
ss

oc
ia

te
d 

im
pa

ct
s.

 
A

nd
 

 
St

or
m

 ti
de

 in
un

da
tio

n 
w

ill
 n

ot
 re

su
lt 

in
 a

ny
 a

dv
er

se
 e

ffe
ct

s t
o 

ar
ea

s o
f p

ub
lic

 re
al

m
 o

r b
ui

ld
in

gs
 w

ith
in

 th
e 

Q
W

B
 P

D
A

.  
In

un
da

tio
n 

fr
om

 th
e 

up
st

re
am

 c
at

ch
m

en
t, 

w
hi

ch
 h

as
 b

ee
n 

as
se

ss
ed

, i
s t

he
 p

re
do

m
in

an
t s

ou
rc

e 
of

 fl
oo

di
ng

 fo
r t

he
 a

re
a.

 A
 

st
or

m
 ti

de
 in

un
da

tio
n 

w
ou

ld
 h

av
e 

le
ss

er
 e

ff
ec

t d
ue

 to
 lo

w
er

 
st

or
m

 ti
de

 le
ve

l a
nd

 lo
w

er
 v

el
oc

iti
es

. F
lo

od
in

g 
fr

om
 st

or
m

 ti
de

 
ev

en
t i

s a
ls

o 
co

nt
ai

ne
d 

w
ith

in
 th

e 
riv

er
 b

an
ks

. 
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Pa
ge
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1 

 

Pe
rf

or
m

an
ce

 o
ut

co
m

es
 

A
cc

ep
ta

bl
e 

ou
tc

om
es

 
R

es
po

ns
e 

C
om

m
en

t 

A
O

2.
2 

D
ev

el
op

m
en

t m
iti

ga
te

s a
ny

 re
si

du
al

 im
pa

ct
s f

ro
m

 
st

or
m

 ti
de

 in
un

da
tio

n 
in

 a
 c

oa
st

al
 h

az
ar

d 
ar

ea
 in

cl
ud

in
g 

by
 e

ns
ur

in
g:

 
1)

 
ha

bi
ta

bl
e 

ro
om

s o
f b

ui
lt 

st
ru

ct
ur

es
 a

re
 lo

ca
te

d 
ab

ov
e 

th
e 

de
fin

ed
 st

or
m

 ti
de

 e
ve

nt
 le

ve
l a

nd
 a

ny
 a

dd
iti

on
al

 
fr

ee
bo

ar
d 

le
ve

l t
ha

t w
ou

ld
 o

rd
in

ar
ily

 a
pp

ly
 in

 a
 fl

oo
d 

pr
on

e 
ar

ea
 u

nd
er

 a
 re

le
va

nt
 p

la
nn

in
g 

sc
he

m
e 

st
an

da
rd

, o
r 

2)
 

a 
sa

fe
 re

fu
ge

 is
 a

va
ila

bl
e 

fo
r p

eo
pl

e 
w

ith
in

 th
e 

pr
em

is
es

 d
ur

in
g 

a 
de

fin
ed

 st
or

m
 ti

de
 e

ve
nt

, o
r 

3)
 

at
 le

as
t o

ne
 e

va
cu

at
io

n 
ro

ut
e 

re
m

ai
ns

 p
as

sa
bl

e 
fo

r 
em

er
ge

nc
y 

ev
ac

ua
tio

ns
 d

ur
in

g 
a 

de
fin

ed
 st

or
m

 ti
de

 
ev

en
t, 

in
cl

ud
in

g 
co

ns
id

er
at

io
n 

of
 th

e 
ca

pa
ci

ty
 o

f t
he

 
ro

ut
e 

to
 su

pp
or

t t
he

 e
va

cu
at

io
n 

of
 th

e 
en

tir
e 

lo
ca

l 
po

pu
la

tio
n 

w
ith

in
 a

 re
as

on
ab

ly
 sh

or
t t

im
ef

ra
m

e 
(f

or
 

ex
am

pl
e,

 1
2 

ho
ur

s)
. 

A
nd

 

 
Th

er
e 

w
ill

 b
e 

no
 h

ab
ita

bl
e 

ro
om

s l
oc

at
ed

 b
el

ow
 th

e 
st

or
m

 ti
de

 
ev

en
t l

ev
el

.  
Sa

fe
 re

fu
ge

 a
nd

 a
cc

es
s f

ro
m

 th
e 

fo
re

sh
or

e 
ar

ea
s, 

in
cl

ud
in

g 
th

e 
bo

ar
dw

al
k 

ha
ve

 b
ee

n 
pr

ov
id

ed
, w

ith
 e

as
y 

eg
re

ss
 

ou
t o

f f
or

es
ho

re
 d

ev
el

op
m

en
t a

re
as

. 
A

s t
he

 st
or

m
 ti

de
 e

ve
nt

s a
re

 n
ot

 li
ke

ly
 to

 b
e 

hi
gh

er
 th

an
 th

e 
ex

is
tin

g 
riv

er
 b

an
k 

le
ve

l t
he

re
 a

re
 a

m
pl

e 
ev

ac
ua

tio
n 

ro
ut

es
 a

ll 
al

on
g 

th
e 

fo
re

sh
or

e 
fr

on
ta

ge
 o

f t
he

 Q
W

B
 P

D
A

.  

A
O

2.
3 

D
ev

el
op

m
en

t w
ith

in
 a

 c
oa

st
al

 h
az

ar
d 

ar
ea

 is
 

lo
ca

te
d,

 d
es

ig
ne

d 
an

d 
co

ns
tru

ct
ed

 to
 e

ns
ur

e 
ex

po
se

d 
st

ru
ct

ur
es

 c
an

 su
st

ai
n 

flo
od

in
g 

fr
om

 a
 d

ef
in

ed
 st

or
m

 ti
de

 
ev

en
t. 

A
nd

 

 
St

ru
ct

ur
es

 w
ith

in
 th

e 
co

as
ta

l h
az

ar
d 

ar
ea

, t
ha

t i
s a

ll 
m

ar
in

e 
st

ru
ct

ur
es

, w
ill

 h
av

e 
a 

10
0 

ye
ar

 d
es

ig
n 

lif
e 

w
hi

ch
 in

cl
ud

es
 

re
si

lie
nc

e 
fo

r f
lo

od
in

g 
an

d 
st

or
m

 ti
de

 in
un

da
tio

n.
  T

he
 1

00
 y

ea
r 

de
si

gn
 li

fe
 is

 re
la

te
d 

to
 th

e 
su

bs
tru

ct
ur

e 
an

d 
su

pe
rs

tru
ct

ur
e 

of
 a

ll 
fo

re
sh

or
e 

de
ve

lo
pm

en
t.  

A
O

2.
4 

Es
se

nt
ia

l c
om

m
un

ity
 s

er
vi

ce
 in

fra
st

ru
ct

ur
e 

is
: 

(1
) 

lo
ca

te
d 

so
 th

at
 it

 is
 n

ot
 in

un
da

te
d 

by
 a

 re
co

m
m

en
de

d 
st

or
m

 ti
de

 e
ve

nt
 sp

ec
ifi

ed
 fo

r t
ha

t i
nf

ra
st

ru
ct

ur
e,

 o
r 

(2
) 

lo
ca

te
d 

an
d 

de
si

gn
ed

 to
 e

ns
ur

e 
an

y 
co

m
po

ne
nt

s o
f 

th
e 

in
fr

as
tru

ct
ur

e 
th

at
 a

re
 li

ke
ly

 to
 fa

il 
to

 fu
nc

tio
n 

or
 

m
ay

 re
su

lt 
in

 c
on

ta
m

in
at

io
n 

w
he

n 
in

un
da

te
d 

by
 a

 
st

or
m

 ti
de

 (f
or

 e
xa

m
pl

e,
 e

le
ct

ric
al

 sw
itc

h 
ge

ar
 a

nd
 

m
ot

or
s, 

w
at

er
 su

pp
ly

 p
ip

el
in

e 
ai

r v
al

ve
s)

 a
re

: 
(a

) 
lo

ca
te

d 
ab

ov
e 

th
e 

pe
ak

 w
at

er
 le

ve
l f

or
 a

 
re

co
m

m
en

de
d 

st
or

m
 ti

de
 e

ve
nt

, o
r 

N
/A

 
N

o 
es

se
nt

ia
l c

om
m

un
ity

 se
rv

ic
e 

in
fra

st
ru

ct
ur

e 
w

ill
 b

e 
lo

ca
te

d 
in

 
th

e 
ar

ea
 o

f m
ap

pe
d 

st
or

m
 ti

de
 in

un
da

tio
n 

ha
za

rd
s. 
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Pe
rf

or
m

an
ce

 o
ut

co
m

es
 

A
cc

ep
ta

bl
e 

ou
tc

om
es

 
R

es
po

ns
e 

C
om

m
en

t 
(b

) 
de

si
gn

ed
 a

nd
 c

on
st

ru
ct

ed
 to

 e
xc

lu
de

 st
or

m
 ti

de
 

in
tru

si
on

s o
r i

nf
ilt

ra
tio

n 
(in

cl
ud

in
g 

by
 b

ei
ng

 
lo

ca
te

d 
in

 th
e 

gr
ou

nd
), 

or
 

(c
) 

ab
le

 to
 te

m
po

ra
ril

y 
st

op
 fu

nc
tio

ni
ng

 d
ur

in
g 

a 
re

co
m

m
en

de
d 

st
or

m
 ti

de
 e

ve
nt

 w
ith

ou
t c

au
si

ng
 

si
gn

ifi
ca

nt
 a

dv
er

se
 im

pa
ct

s t
o 

th
e 

in
fr

as
tru

ct
ur

e 
or

 th
e 

co
m

m
un

ity
. 

A
nd

 

A
O

2.
5 

Em
er

ge
nc

y 
se

rv
ic

es
 in

fr
as

tru
ct

ur
e 

an
d 

em
er

ge
nc

y 
sh

el
te

rs
, p

ol
ic

e 
fa

ci
lit

ie
s, 

an
d 

ho
sp

ita
ls

 a
nd

 a
ss

oc
ia

te
d 

fa
ci

lit
ie

s h
av

e 
an

 e
m

er
ge

nc
y 

re
sc

ue
 a

re
a 

ab
ov

e 
th

e 
pe

ak
 

w
at

er
 le

ve
l f

or
 a

 re
co

m
m

en
de

d 
st

or
m

 ti
de

 e
ve

nt
. 

N
/A

 
N

o 
em

er
ge

nc
y 

se
rv

ic
es

 in
fr

as
tru

ct
ur

e 
w

ill
 b

e 
lo

ca
te

d 
in

 a
re

as
 o

f 
m

ap
pe

d 
st

or
m

 ti
de

 h
az

ar
d.

 

PO
3 

D
ev

el
op

m
en

t d
ire

ct
ly

, i
nd

ire
ct

ly
 

an
d 

cu
m

ul
at

iv
el

y 
av

oi
ds

 a
n 

un
ac

ce
pt

ab
le

 
in

cr
ea

se
 in

 th
e 

se
ve

rit
y 

of
 th

e 
co

as
ta

l 
ha

za
rd

, a
nd

 d
oe

s n
ot

 si
gn

ifi
ca

nt
ly

 
in

cr
ea

se
 th

e 
po

te
nt

ia
l f

or
 d

am
ag

e 
on

 th
e 

pr
em

is
es

 o
r t

o 
ot

he
r p

re
m

is
es

.  

A
O

3.
1 

D
ev

el
op

m
en

t a
vo

id
s i

nc
re

as
in

g 
th

e 
nu

m
be

r o
f 

pr
em

is
es

 fr
om

 w
hi

ch
 p

eo
pl

e 
w

ou
ld

 n
ee

d 
to

 b
e 

ev
ac

ua
te

d 
to

 p
re

ve
nt

 d
ea

th
 o

r i
nj

ur
y 

fr
om

 a
 d

ef
in

ed
 st

or
m

 ti
de

 
ev

en
t. 

 
Th

e 
Q

W
B
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ev

el
op

m
en

t w
ill

 n
ot

 in
cr

ea
se

 th
e 

nu
m

be
r o

f 
pr

em
is

es
 th

at
 w

ill
 n

ee
d 

ev
ac

ua
tio

n 
in
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m
en

t i
nv

ol
vi

ng
 re

cl
am

at
io

n:
 

1)
 

do
es

 n
ot

 a
lte

r, 
or

 o
th

er
w

is
e 

m
in

im
is

es
 im

pa
ct

s o
n,

 th
e 

ph
ys

ic
al

 c
ha

ra
ct

er
is

tic
s o

f a
 w

at
er

w
ay

 o
r t

he
 se

ab
ed

 
ne

ar
 th

e 
re

cl
am

at
io

n,
 in

cl
ud

in
g 

flo
w

 re
gi

m
es

, 
hy

dr
od

yn
am

ic
 fo

rc
es

, t
id

al
 w

at
er

 a
nd

 ri
ve

rb
an

k 
st

ab
ili

ty
 

2)
 

is
 lo

ca
te

d 
ou

ts
id

e 
th

e 
ac

tiv
e 

se
di

m
en

t t
ra

ns
po

rt 
ar

ea
, 

or
 o

th
er

w
is

e 
m

ai
nt

ai
ns

 se
di

m
en

t t
ra

ns
po

rt 
pr

oc
es

se
s 

as
 c

lo
se

 a
s p

os
si

bl
e 

to
 th

ei
r n

at
ur

al
 st

at
e 

3)
 

en
su

re
s a

ct
iv

iti
es

 a
ss

oc
ia

te
d 

w
ith

 th
e 

op
er

at
io

n 
of

 th
e 

de
ve

lo
pm

en
t m

ai
nt

ai
n 

th
e 

st
ru

ct
ur

e 
an

d 
co

nd
iti

on
 o

f 
ve

ge
ta

tio
n 

co
m

m
un

iti
es

 a
nd

 a
vo

id
 w

in
d 

an
d 

w
at

er
 

ru
n-

of
f e

ro
si

on
. 

 
Th

e 
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cl
am

at
io

n 
w

or
ks
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ill

 h
av

e 
ne

gl
ig

ib
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pa

ct
s o

n 
th

e 
ad

ja
ce

nt
 b

ed
 o

f t
he

 ri
ve

r. 
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he
 p

ro
po

se
d 

m
et

ho
do

lo
gy

 fo
r t
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re
cl

am
at

io
n 

w
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ks
 in

cl
ud
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 th

e 
us

e 
of

 a
 d

ou
bl

e-
sh

ee
t p

ile
 w

al
l 

th
at

 w
ill

 b
e 

dr
iv

en
 d

ow
n 

to
 th

e 
be

dr
oc

k.
  T

hi
s w

ill
 p

ro
vi

de
 a

 
sm

al
le

r e
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io
n 
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ot

pr
in

t t
ha

t a
lte

rn
at

iv
e 

so
lu

tio
ns

 fo
r r

oc
k 

re
ve

tm
en

t o
r b

un
di

ng
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n 

th
e 
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ra
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lo
w

 re
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es

 w
ith
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 th

e 
riv

er
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m
ai

nt
ai

ni
ng
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id
th

 o
f 

ov
er
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20

m
 a

t t
he

 si
te

 o
f r

ec
la

m
at

io
n.

  T
he

 la
nd

fo
rm

 a
nd

 sh
ap

e 
of

 th
e 

re
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am
at

io
n 

ar
ea

 h
as

 a
ls

o 
be

en
 d

es
ig

ne
d 

to
 c

on
si

de
r 

ef
fe

ct
s o

n 
flo

w
 v

el
oc

iti
es

 d
ur

in
g 

flo
od

 e
ve

nt
s, 

w
ith

 c
ur

ve
s 

al
ig

ne
d 

to
 th

e 
di

re
ct

io
n 

of
 fl

ow
.  

Th
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ea
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y 
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n 
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ea
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f p
ub

lic
 o

pe
n 

sp
ac

e 
w

ith
 a

re
as

 o
f h

ar
d 

an
d 

so
ft 

la
nd

sc
ap

in
g.

  T
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 fi
na

l d
es

ig
n 

of
 th

is
 p

ar
k 

w
ill

 in
cl

ud
e 

st
or

m
w

at
er

 a
nd

 d
ra

in
ag

e 
in

fr
as

tru
ct

ur
e 
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an
ag

e 
su

rf
ac

e 
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at
er
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t f
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en
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ui
ld
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r s
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ur
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xi

st
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si
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id
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6.
1 

D
ev

el
op

m
en

t l
oc

at
es

 b
ui

lt 
st

ru
ct

ur
es

 o
ut

si
de

 th
e 

pa
rt 

of
 th

e 
co

as
ta

l m
an

ag
em

en
t d

is
tri

ct
 th

at
 is

 th
e 

er
os

io
n 

pr
on

e 
ar

ea
 u

nl
es

s t
he

 d
ev

el
op

m
en

t i
s l

is
te

d 
un

de
r A

O
1.

1 
(1

) –
 (4

). 
A

nd
  

PS
 

Th
e 

Q
W

B
 d

ev
el

op
m

en
t w

ill
 re

qu
ire

 d
ev

el
op

m
en

t w
ith

in
 a

 
C

M
D

, h
ow

ev
er

 th
e 

m
aj

or
ity

 o
f a

ll 
pe

rm
an

en
t b

ui
ld

in
gs

 w
ill

 b
e 

lo
ca

te
d 

ou
ts

id
e 

of
 th

e 
er

os
io

n 
pr

on
e 

ar
ea

.  
El

em
en

ts
 th

at
 a

re
 

w
ith

in
 th

e 
er

os
io

n 
pr

on
e 

ar
ea

 a
re

 ti
da

l d
ep

en
de

nt
 st

ru
ct

ur
es

, 
su

ch
 a

s b
oa

rd
w

al
ks

 a
nd

 je
tti

es
.  

 
Th
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am

at
io

n 
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 w

ill
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o 
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ca
te

d 
w

ith
in

 th
e 

er
os

io
n 

pr
on

e 
ar

ea
 h

ow
ev

er
, t

he
 lo

ca
tio

n 
of

 th
is

 a
re

a 
w

ill
 n

ot
 re

su
lt 

in
 

in
cr

ea
se

d 
co
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ta

l e
ro

si
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 ri
sk
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t d
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 d

ev
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op
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en
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Th
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 d
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 d
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op

m
en
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A
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R
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e 

C
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m
en
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lo

ca
te

s, 
de

si
gn

s a
nd

 c
on

st
ru

ct
s r

el
ev

an
t b

ui
ld

in
gs

 o
r 

st
ru

ct
ur

es
 to

 w
ith

st
an

d 
co

as
ta

l e
ro

si
on

 im
pa

ct
s, 

in
cl

ud
in

g 
by

 u
se

 o
f a

pp
ro

pr
ia

te
 fo

un
da

tio
ns

, o
r 

2)
 

in
st

al
ls

 a
nd

 m
ai

nt
ai

ns
 c

oa
st

al
 p

ro
te

ct
io

n 
w

or
ks

 to
 

m
iti

ga
te

 a
dv

er
se

 im
pa

ct
s t

o 
pe

op
le

 a
nd

 p
er

m
an

en
t 

st
ru

ct
ur

es
 fr

om
 c

oa
st

al
 e

ro
si

on
 a

t t
he
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ca

tio
n.
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6.
4 

D
ev

el
op

m
en

t t
ha

t i
s t

em
po

ra
ry

, r
ea

di
ly

 
re

lo
ca

ta
bl

e 
or

 a
bl

e 
to

 b
e 

ab
an

do
ne

d,
 o

r e
ss

en
tia

l 
co

m
m

un
ity

 se
rv

ic
e 

in
fr

as
tru

ct
ur

e:
 

1)
 

lo
ca

te
s b

ui
lt 

st
ru

ct
ur

es
 la

nd
w

ar
d 

of
 a

n 
ap

pl
ic

ab
le

 
co

as
ta

l b
ui

ld
in

g 
lin

e,
 o

r 
2)

 
w

he
re

 th
er

e 
is

 n
o 

co
as

ta
l b

ui
ld

in
g 

lin
e,

 lo
ca

te
s 

ha
bi

ta
bl

e 
bu

ilt
 st

ru
ct

ur
es

 la
nd

w
ar

d 
of

 th
e 

al
ig

nm
en

t 
of

 a
dj

ac
en

t h
ab

ita
bl

e 
bu

ild
in

gs
, o

r  
3)

 
lo

ca
te

s l
ife

sa
ve

r t
ow

er
s o

r b
ea

ch
 a

cc
es

s 
in

fr
as

tru
ct

ur
e 

to
 m

in
im

is
e 

its
 im

pa
ct

s o
n 

ph
ys

ic
al

 
co

as
ta

l p
ro

ce
ss

es
, o

r 
4)

 
w

he
re

 it
 is

 d
em

on
st

ra
te

d 
th

at
 (1

) o
r (

2)
 is

 n
ot

 
re

as
on

ab
le

 a
nd

 (3
) d

oe
s n

ot
 a

pp
ly

: 
(a

) 
lo

ca
te

s b
ui

lt 
st

ru
ct

ur
es

 a
s f

ar
 la

nd
w

ar
d 

as
 

pr
ac

tic
ab

le
 

(b
) 

us
es

 la
yo

ut
 d

es
ig

n 
to

 m
in

im
is

e 
th

e 
fo

ot
pr

in
t o

f 
th

e 
de

ve
lo

pm
en

t t
ha

t r
em

ai
ns

 w
ith

in
 th

e 
er

os
io

n 
pr

on
e 

ar
ea

. 
A

nd
 

 
Th
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e 
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 n

ot
 c
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st

al
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ui
ld

in
g 
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e 

in
 th
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tio

n 
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 th
e 

Q
W

B
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A

.  
Th

e 
Q

W
B

 d
ev

el
op

m
en

t d
oe

s n
ot

 lo
ca

te
 a

ny
 n

ew
 

ha
bi

ta
bl

e 
bu

ild
in

gs
 b

ey
on

d 
th

e 
lin

e 
of

 e
xi

st
in

g 
ha
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ta

bl
e 

bu
ild

in
gs

. 
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R
ed

ev
el

op
m

en
t o

f e
xi

st
in

g 
bu

ilt
 st

ru
ct

ur
es

 n
ot

 
re

fe
rr

ed
 to

 in
 A

O
6.

4,
 a

nd
 e

xc
lu

di
ng

 m
ar

in
e 

de
ve

lo
pm

en
t: 

(1
) 

re
lo

ca
te

s b
ui

lt 
st

ru
ct

ur
es

 o
ut

si
de

 th
at

 p
ar

t o
f t

he
 

er
os

io
n 

pr
on

e 
ar

ea
 th

at
 is

 w
ith

in
 th

e 
co

as
ta

l 
m

an
ag

em
en

t d
is

tri
ct

, o
r 

PS
 

Th
er

e 
is

 n
o 

co
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ta
l b

ui
ld

in
g 

lin
e 

al
on

g 
th

e 
Q

W
B

 P
D

A
 a

nd
 

de
ve

lo
pm

en
t f

or
 p

ub
lic

 o
pe

n 
sp

ac
e 

an
d 

in
fr

as
tru

ct
ur

e 
w

ill
 b

e 
lo

ca
te

d 
w

ith
in

 th
e 

er
os

io
n 

pr
on

e 
ar

ea
.  

Th
e 

fo
re

sh
or

e 
el

em
en

ts
 

of
 th

e 
pr

oj
ec

t h
av

e 
be

en
 d

es
ig

ne
d 

w
ith

 a
 1

00
 y

ea
r d

es
ig

n 
lif

e,
 

w
hi

ch
 in

cl
ud

es
 a

pp
ro

pr
ia

t e
 e

ro
si

on
 c

on
tro

l s
tru

ct
ur

es
. 
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or
m
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 o
ut
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m

es
 

A
cc

ep
ta

bl
e 

ou
tc

om
es

 
R

es
po

ns
e 

C
om

m
en

t 
(2

) 
re

lo
ca

te
s b

ui
lt 

st
ru

ct
ur

es
 a

s f
ar

 la
nd

w
ar

d 
as

 
pr

ac
tic

ab
le

, a
nd

 la
nd

w
ar

d 
of

 a
n 

ap
pl

ic
ab

le
 c

oa
st

al
 

bu
ild

in
g 

lin
e,

 o
r 

(3
) 

w
he

re
 th

er
e 

is
 n

o 
co

as
ta

l b
ui

ld
in

g 
lin

e:
 

(a
) 

re
lo

ca
te

s b
ui

lt 
st

ru
ct

ur
es

 la
nd

w
ar

d 
of

 th
e 

al
ig

nm
en

t o
f a

dj
ac

en
t h

ab
ita

bl
e 

bu
ild

in
gs

, o
r  

(b
) 

us
es

 la
yo

ut
 d

es
ig

n 
to

 m
in

im
is

e 
th

e 
fo

ot
pr

in
t o

f 
th

e 
de

ve
lo

pm
en

t t
ha

t r
em

ai
ns

 w
ith

in
 th

e 
er

os
io

n 
pr

on
e 

ar
ea

, o
r 

(c
) 

pr
ov

id
es

 su
ff

ic
ie

nt
 sp

ac
e 

se
aw

ar
d 

of
 th

e 
de

ve
lo

pm
en

t w
ith

in
 th

e 
pr

em
is

es
 to

 a
llo

w
 fo

r t
he

 
co

ns
tru

ct
io

n 
of

 e
ro

si
on

 c
on

tro
l s

tru
ct

ur
es

. 
A

nd
 

A
O

6.
6 

R
ed

ev
el

op
m

en
t o

f b
ui

lt 
st

ru
ct

ur
es

 in
 th

e 
er

os
io

n 
pr

on
e 

ar
ea

 w
ith

in
 a

 c
oa

st
al

 m
an

ag
em

en
t d

is
tri

ct
, w

hi
ch

 
re

su
lts

 in
 a

n 
in

te
ns

ifi
ca

tio
n 

of
 u

se
, m

iti
ga

te
s t

he
 e

ro
si

on
 

th
re

at
 to

 th
e 

de
ve

lo
pm

en
t, 

ha
vi

ng
 re

ga
rd

 to
:  

1)
 

de
si

gn
 a

nd
 c

on
st

ru
ct

io
n 

st
an

da
rd

s 
2)

 
in

st
al

lin
g 

an
d 

m
ai

nt
ai

ni
ng

 o
n-

si
te

 e
ro

si
on

 c
on

tro
l 

st
ru

ct
ur

es
 w

ith
in

 th
e 

pr
em

is
es

 if
 th

e 
de

ve
lo

pm
en

t i
s 

no
t i

nt
en

de
d 

to
 b

e 
te

m
po

ra
ry

. 
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sh
or
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ar

ea
 w

ith
in

 th
e 

Q
W

B
 P

D
A

 
w

ill
 b

e 
de
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gn

ed
 b

y 
an

 R
PE

Q
 th

at
 s

pe
ci

al
is

es
 in

 m
ar

in
e 

in
fr

as
tru

ct
ur

e.
  D

es
ig

n 
lif

e 
fo
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or
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 w
ill

 b
e 

10
0 

ye
ar

s 
an

d 
th
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 w

ill
 in
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ud
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m
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su

re
s f

or
 m
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tin
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y 

er
os
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n.

 

PO
7 

D
ev

el
op

m
en

t a
vo

id
s o

r m
in

im
is

es
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io
n 

(2
) 

de
gr

ad
at

io
n 

of
 w

at
er

 q
ua

lit
y 

(3
) 

de
gr

ad
at

io
n 

an
d 

lo
ss

 o
f m

at
te

rs
 o

f 
st

at
e 

en
vi

ro
nm

en
ta

l s
ig

ni
fic

an
ce

 
(in

cl
ud

in
g,

 b
ut

 n
ot

 li
m

ite
d 

to
, 

co
as

ta
l w

et
la

nd
s, 

fis
h 

ha
bi

ta
t a

re
as

 
an

d 
m

ig
ra

to
ry

 sp
ec

ie
s h

ab
ita

t).
 

A
O

12
.1

 T
he

 d
es

ig
n,

 c
on

st
ru

ct
io

n 
an

d 
op

er
at

io
n 

of
 

ar
tif

ic
ia

l t
id

al
 w

at
er

w
ay

s m
ai

nt
ai

ns
 th

e 
tid

al
 p

ris
m

 
vo

lu
m

e 
of

 th
e 

na
tu

ra
l w

at
er

w
ay

 to
 w

hi
ch

 it
 is

 c
on

ne
ct

ed
. 

A
nd

 

N
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Th

e 
Q

W
B

 P
D

A
 d

oe
s n

ot
 c

on
si

st
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f a
n 

ar
tif

ic
ia

l w
at

er
w

ay
 

A
O

12
.2

 T
he

 d
es

ig
n,

 c
on

st
ru

ct
io

n 
an

d 
op

er
at

io
n 

of
 

ar
tif

ic
ia

l t
id

al
 w

at
er

w
ay

s d
oe

s n
ot

 in
cr

ea
se

 ri
sk

 fr
om

 
flo

od
in

g.
 

A
nd

 

A
O

12
.3

 T
he

 d
es

ig
n,

 c
on

st
ru

ct
io

n 
an

d 
op

er
at

io
n 

of
 a

n 
ar

tif
ic

ia
l w

at
er

w
ay

 in
 c

on
ne

ct
io

n 
w

ith
 th

e 
re

co
nf

ig
ur

at
io

n 
of

 a
 lo

t e
ns

ur
es

:  
(1

) 
w

at
er

 in
le

t a
nd

 o
ut

le
ts

 st
ru

ct
ur

es
 a

re
 o

f s
uf

fic
ie

nt
 

ca
pa

ci
ty

 to
 m

ai
nt

ai
n 

th
e 

w
at

er
 q

ua
lit

y 
w

ith
in

 th
e 

w
at

er
w

ay
 

(2
) 

w
at

er
 d

is
ch

ar
ge

d 
fr

om
 th

e 
ar

tif
ic

ia
l w

at
er

w
ay

 
pr

ot
ec

ts
 th

e 
en

vi
ro

nm
en

ta
l v

al
ue

s a
nd

 w
at

er
 q

ua
lit

y 
ob

je
ct

iv
es

 o
f t

he
 re

ce
iv

in
g 

w
at

er
s 

(3
) 

dr
ed

ge
d 

m
at

er
ia

l i
s n

ot
 d

is
po

se
d 

of
 to

 ti
da

l w
at

er
 

be
yo

nd
 th

e 
ar

tif
ic

ia
l w

at
er

w
ay

 u
nl

es
s t

he
re

 is
 a

 
be

ne
fic

ia
l r

eu
se

, e
.g

. b
ea

ch
 n

ou
ris

hm
en

t. 
Ed

ito
r’

s n
ot

e:
 F

or
 m

or
e 

in
fo

rm
at

io
n 

on
 e

nv
iro

nm
en

ta
l v

al
ue

s 
an

d 
w

at
er

 q
ua

lit
y 

ob
je

ct
iv

es
 se

e 
sc

he
du

le
 1

 o
f t

he
 E

nv
ir

on
m

en
t 

Pr
ot

ec
tio

n 
(W

at
er

) P
ol

ic
y 

20
09

. 
A

nd
 

A
O

12
.4

 T
he

 lo
ca

tio
n 

of
 th

e 
ar

tif
ic

ia
l w

at
er

w
ay

s a
vo

id
s 

m
at

te
rs

 o
f s

ta
te

 e
nv

iro
nm

en
ta

l s
ig

ni
fic

an
ce

, o
r d

oe
s n

ot
 

re
su

lt 
in

 a
ny

 si
gn

ifi
ca

nt
 a

dv
er

se
 im

pa
ct

 o
n 

m
at

te
rs

 o
f 

st
at

e 
en

vi
ro

nm
en

ta
l s

ig
ni

fic
an

ce
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Pe
rf
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an
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 o
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co
m
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A
cc

ep
ta

bl
e 

ou
tc

om
es

 
R

es
po

ns
e 

C
om

m
en

t 

PO
13

 D
ev

el
op

m
en

t d
oe

s n
ot

 in
vo

lv
e 

re
cl

am
at

io
n  

of
 la

nd
 b

el
ow

 ti
da

l w
at

er
, 

ot
he

r t
ha

n 
fo

r t
he

 p
ur

po
se

s o
f: 

 
1)

 
co

as
ta

l-d
ep

en
de

nt
 d

ev
el

op
m

en
t, 

pu
bl

ic
 m

ar
in

e 
de

ve
lo

pm
en

t o
r 

co
m

m
un

ity
 in

fr
as

tru
ct

ur
e 

2)
 

st
ra

te
gi

c 
po

rts
, b

oa
t h

ar
bo

ur
s o

r 
st

ra
te

gi
c 

ai
rp

or
ts

 a
nd

 a
vi

at
io

n 
fa

ci
lit

ie
s, 

in
 a

cc
or

da
nc

e 
w

ith
 a

 
st

at
ut

or
y 

la
nd

 u
se

 p
la

n,
 w

he
re

 th
er

e 
is

 a
 d

em
on

st
ra

te
d 

ne
t b

en
ef

it 
fo

r t
he

 
st

at
e 

or
 re

gi
on

 a
nd

 n
o 

fe
as

ib
le

 
al

te
rn

at
iv

e 
ex

is
ts

 
3)

 
co

as
ta

l p
ro

te
ct

io
n 

w
or

k 
or

 w
or

k 
ne

ce
ss

ar
y 

to
 p

ro
te

ct
 c

oa
st

al
 

re
so

ur
ce

s o
r p

hy
si

ca
l c

oa
st

al
 

pr
oc

es
se

s. 

N
o 

ac
ce

pt
ab

le
 o

ut
co

m
e 

is
 p

re
sc

rib
ed

. 
 

Th
e 

re
cl

am
at

io
n 

re
qu

ire
d 

fo
r T

he
 L

an
di

ng
 su

b-
pr

ec
in

ct
 w

ill
 b

e 
pu

bl
ic

 o
pe

n 
sp

ac
e 

an
d 

co
m

m
un

ity
 in

fr
as

tru
ct

ur
e.

  I
 

T
ab

le
 1

0.
1.

2:
 O

pe
ra

tio
na

l w
or

k 

PO
1 

Ti
da

l w
or

ks
 th

at
 is

 p
riv

at
e 

m
ar

in
e 

de
ve

lo
pm

en
t d

oe
s n

ot
 re

su
lt 

in
 a

dv
er

se
 

im
pa

ct
s t

o 
tid

al
 la

nd
. 

A
O

1.
1 

Th
e 

lo
ca

tio
n 

an
d 

de
si

gn
 o

f t
id

al
 w

or
ks

 th
at

 is
 

pr
iv

at
e 

m
ar

in
e 

de
ve

lo
pm

en
t:  

1)
 

is
 o

n 
pr

iv
at

e 
la

nd
 a

bu
tti

ng
 ti

da
l w

at
er

 a
nd

 u
se

d 
fo

r 
pr

op
er

ty
 a

cc
es

s p
ur

po
se

s 
2)

 
oc

cu
pi

es
 th

e 
m

in
im

um
 a

re
a 

re
as

on
ab

ly
 re

qu
ire

d 
fo

r 
its

 d
es

ig
ne

d 
pu

rp
os

e 
3)

 
is

 n
ot

 to
 b

e 
ro

of
ed

 o
r o

th
er

w
is

e 
co

ve
re

d 
4)

 
do

es
 n

ot
 re

qu
ire

 th
e 

co
ns

tru
ct

io
n 

of
 c

oa
st

al
 

pr
ot

ec
tio

n 
w

or
ks

, s
ho

re
lin

e 
or

 ri
ve

rb
an

k 
ha

rd
en

in
g 

or
 

dr
ed

gi
ng

 fo
r m

ar
in

e 
ac

ce
ss

  
5)

 
do

es
 n

ot
 a

dv
er

se
ly

 im
pa

ct
 o

n 
pu

bl
ic

 sa
fe

ty
 o

r p
ub

lic
 

ac
ce

ss
 a

nd
 u

se
 o

f t
he

 fo
re

sh
or

e.
 

N
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Th
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W
B

 P
D

A
 is

 n
ot

 p
riv

at
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m
ar

in
e 

de
ve

lo
pm
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t. 
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Pe
rf

or
m

an
ce

 o
ut

co
m

es
 

A
cc

ep
ta

bl
e 

ou
tc

om
es

 
R

es
po

ns
e 

C
om

m
en

t 

PO
2 

D
ev

el
op

m
en

t d
oe

s n
ot

 re
su

lt 
in

 th
e 

di
sp

os
al

 o
f m

at
er

ia
l d

re
dg

ed
 fr

om
 a

n 
ar

tif
ic

ia
l w

at
er

w
ay

 in
to

 c
oa

st
al

 w
at

er
s, 

w
ith

 th
e 

ex
ce

pt
io

n 
of

:  
1)

 
re

cl
am

at
io

n 
w

or
ks

, o
r 

2)
 

co
as

ta
l p

ro
te

ct
io

n 
w

or
ks

, o
r 

3)
 

th
e 

m
ai

nt
en

an
ce

 o
f a

n 
ex

is
tin

g 
ar

tif
ic

ia
l w

at
er

w
ay

 a
nd

 th
e 

at
- s

ea
 

di
sp

os
al

 o
f m

at
er

ia
l t

ha
t h

as
 

pr
ev

io
us

ly
 b

ee
n 

ap
pr

ov
ed

 fo
r t

he
 

w
at

er
w

ay
. 

A
O

2.
1 

Th
e 

de
si

gn
 a

nd
 c

on
st

ru
ct

io
n 

of
 th

e 
ar

tif
ic

ia
l 

w
at

er
w

ay
 in

cl
ud

es
 o

ns
ite

 p
ro

vi
si

on
s f

or
 d

ry
i n

g,
 re

-
ha

nd
lin

g 
an

d 
di

sp
os

al
 o

f d
re

dg
e 

m
at

er
ia

l o
n 

si
te

 to
 

fa
ci

lit
at

e 
th

e 
tim

el
y 

di
sp

os
al

 to
 la

nd
 o

r r
e-

us
e.

 

N
/A

 
Th

e 
Q

W
B

 d
ev

el
op

m
en

t d
oe

s n
ot

 in
cl

ud
e 

an
 a

rti
fic

ia
l w

at
er

w
ay

. 

PO
3 

Th
e 

de
si

gn
 a

nd
 c

on
st

ru
ct

io
n 

of
 a

n 
ar

tif
ic

ia
l w

at
er

w
ay

 m
ai

nt
ai

ns
 c

oa
st

al
 

la
nd

fo
rm

s.  

A
O

3.
1 

Th
e 

de
si

gn
 a

nd
 c

on
st

ru
ct

io
n 

of
 th

e 
ar

tif
ic

ia
l 

w
at

er
w

ay
 p

ro
vi

de
s f

or
 sa

nd
 b

yp
as

si
ng

 w
he

re
 th

is
 is

 
ne

ce
ss

ar
y 

to
 p

re
ve

nt
 e

ro
si

on
 o

f a
dj

ac
en

t c
oa

st
s a

nd
 

m
in

im
is

e 
se

di
m

en
ta

tio
n 

of
 th

e 
w

at
er

w
ay

.  
A

nd
 

N
/A

 
Th

e 
Q

W
B

 d
ev

el
op

m
en

t d
oe

s n
ot

 in
cl

ud
e 

an
 a

rti
fic

ia
l w

at
er

w
ay

.  

A
O

3.
2 

C
le

an
 sa

nd
 a

cc
um

ul
at

in
g 

w
ith

in
 a

n 
ar

tif
ic

ia
l 

w
at

er
w

ay
 is

 re
tu

rn
ed

 to
 th

e 
ac

tiv
e 

be
ac

h 
sy

st
em

, i
n 

pr
ef

er
en

ce
 to

 d
is

po
sa

l o
n 

la
nd

.  

PO
4 

D
ev

el
op

m
en

t t
ha

t i
nv

ol
ve

s 
dr

ed
gi

ng
 in

cl
ud

es
 a

nd
 c

om
pl

ie
s w

ith
 a

 
m

an
ag

em
en

t p
la

n 
th

at
 d

em
on

st
ra

te
s h

ow
 

en
vi

ro
nm

en
ta

l i
m

pa
ct

s w
ill

 b
e 

m
an

ag
ed

 
an

d 
m

iti
ga

te
d,

 a
nd

 h
ow

 th
e 

re
qu

ire
m

en
ts

 
of

 th
e 

N
at

io
na

l a
ss

es
sm

en
t g

ui
de

lin
es

 fo
r 

dr
ed

gi
ng

, A
us

tra
lia

n 
G

ov
er

nm
en

t 
D

ep
ar

tm
en

t o
f t

he
 E

nv
iro

nm
en

t, 
W

at
er

, 
H

er
ita

ge
 a

nd
 th

e 
A

rts
, 2

00
9,

 w
ill

 b
e 

m
et

. 

A
O

4.
1 

A
 m

an
ag

em
en

t p
la

n 
fo

r t
he

 d
ev

el
op

m
en

t: 
1)

 
di

re
ct

s t
he

 o
pe

ra
tio

n 
of

 th
e 

de
ve

lo
pm

en
t 

2)
 

id
en

tif
ie

s d
is

po
sa

l m
et

ho
ds

 a
nd

 d
is

po
sa

l s
ite

s f
or

 th
e 

re
m

ov
ed

 m
at

er
ia

l f
or

 th
e 

co
ns

tru
ct

io
n 

an
d 

op
er

at
io

na
l p

ha
se

s o
f t

he
 d

ev
el

op
m

en
t 

3)
 

ou
tli

ne
s h

ow
 a

ny
 a

dv
er

se
 e

ff
ec

ts
 fr

om
 e

xt
ra

ct
io

n 
ac

tiv
iti

es
 o

n 
se

di
m

en
t t

ra
ns

po
rt 

pr
oc

es
se

s o
r a

dj
ac

en
t 

co
as

ta
l l

an
df

or
m

s w
ill

 b
e 

m
iti

ga
te

d 
or

 o
th

er
w

is
e 

re
m

ed
ia

te
d 

by
 su

ita
bl

y 
pl

an
ne

d 
an

d 
im

pl
em

en
te

d 
be

ac
h 

no
ur

is
hm

en
t a

nd
 re

ha
bi

lit
at

io
n 

w
or

ks
. 

Ed
ito

r’
s n

ot
e:

 T
he

 su
ita

bi
lit

y 
of

 th
e 

dr
ed

ge
d 

se
di

m
en

t f
or

 o
ce

an
 

di
sp

os
al

 is
 to

 fo
llo

w
 th

e 
as

se
ss

m
en

t o
f p

ot
en

tia
l c

on
ta

m
in

an
ts

 
un

de
r t

he
 N

at
io

na
l a

ss
es

sm
en

t g
ui

de
lin

es
 fo

r d
re

dg
in

g,
 

N
/A

 
Th
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Q

W
B
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ev

el
op

m
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t d
oe

s n
ot

 in
vo

lv
e 

dr
ed

gi
ng

. 
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H
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A

nd
 

A
O

4.
2 

Fo
r l

an
d 

ba
se

d 
di

sp
os

al
 o

f d
re

dg
ed

 m
at

er
ia

l, 
an

y 
ar

ea
 u

se
d 

fo
r s

to
rin

g,
 d

ew
at

er
in

g,
 d

ry
in

g 
or

 re
ha

nd
lin

g 
dr

ed
ge

d 
m

at
er

ia
l a

s o
ut

lin
ed

 in
 th

e 
dr

ed
ge

 m
an

ag
em

en
t 

pl
an

 is
:  

1)
 

of
 su

ff
ic

ie
nt

 si
ze

 fo
r t

he
 p

ro
je

ct
ed

 v
ol

um
e 

of
 d

re
dg

ed
 

m
at

er
ia

l f
ro

m
 re

le
va

nt
 c

ap
ita

l o
r m

ai
nt

en
an

ce
 

dr
ed

gi
ng

 
2)

 
pr

ot
ec

te
d 

fr
om

 fu
tu

re
 d

ev
el

op
m

en
t t

ha
t w

ou
ld

 
co

m
pr

om
is

e 
th

e 
us

e 
of

 th
e 

ar
ea

 fo
r i

ts
 in

te
nd

ed
 

pu
rp

os
e 

of
 m

at
er

ia
l s

to
ra

ge
 a

nd
 d

ew
at

er
in

g.
 

A
nd

 

N
/A

 
Th

e 
Q

W
B

 d
ev

el
op

m
en

t d
oe

s n
ot

 in
vo

lv
e 

dr
ed

gi
ng

. 

A
O

4.
3 

Fo
r a

t-s
ea

 d
is

po
sa

l o
f s

ui
ta

bl
e 

dr
ed

ge
d 

m
at

er
ia

l, 
th

e 
dr

ed
ge

 m
an

ag
em

en
t p

la
n 

sp
ec

ifi
es

 th
at

 m
at

er
ia

l i
s 

pl
ac

ed
 a

t a
 d

re
dg

ed
 m

at
er

ia
l d

is
po

sa
l s

ite
 o

nl
y 

if 
it 

is
 

de
m

on
st

ra
te

d 
th

at
 it

 is
 n

ot
 fe

as
ib

le
 to

:  
1)

 
di

sp
os

e 
of

 th
e 

m
at

er
ia

l a
bo

ve
 th

e 
hi

gh
 w

at
er

 m
ar

k,
 if

 
th

e 
m

at
er

ia
l i

s f
ro

m
 m

ai
nt

en
an

ce
 w

or
ks

 fo
r a

n 
ex

is
tin

g 
ar

tif
ic

ia
l w

at
er

w
ay

 fo
r w

hi
ch

 a
t- s

ea
 d

is
po

sa
l 

w
as

 p
re

vi
ou

sl
y 

ap
pr

ov
ed

, o
r 

2)
 

ke
ep

 th
e 

dr
ed

ge
d 

m
at

er
ia

l w
ith

in
 th

e 
ac

tiv
e 

se
di

m
en

t 
tra

ns
po

rt 
sy

st
em

 fo
r t

he
 lo

ca
lit

y,
 o

r  
3)

 
us

e 
th

e 
m

at
er

ia
l f

or
 b

ea
ch

 n
ou

ris
hm

en
t o

r a
no

th
er

 
be

ne
fic

ia
l p

ur
po

se
. 

A
nd

 

N
/A

 
Th

e 
Q

W
B

 d
ev

el
op

m
en

t d
oe

s n
ot

 in
vo

lv
e 

dr
ed

gi
ng

. 

A
O

4.
4 

Fo
r a

t-s
ea

 d
is

po
sa

l o
f d

re
dg

ed
 m

at
er

ia
l w

he
re

 th
e 

m
ar

in
e 

sp
oi

l d
is

po
sa

l s
ite

 is
 a

 re
te

nt
iv

e 
(i.

e.
 n

on
-

di
sp

er
si

ve
) s

ite
, t

he
 d

is
po

sa
l s

ite
 id

en
tif

ie
d 

in
 th

e 
dr

ed
ge

 
m

an
ag

em
en

t p
la

n 
ha

s t
he

 c
ap

ac
ity

 to
 h

ol
d 

an
d 

re
ta

in
 th

e 

N
/A

 
Th

e 
Q

W
B

 d
ev

el
op

m
en

t d
oe

s n
ot

 in
vo

lv
e 

dr
ed

gi
ng

. 



  D
es

tin
at

io
n 

Br
is

ba
ne

 C
on

so
rti

um
 

Q
ue

en
s 

W
ha

rf 
Br

is
ba

ne
 

Po
D

 V
ol

um
e 

3,
 A

tta
ch

m
en

t K
 –

 H
yd

ra
ul

ic
 A

ss
es

sm
en

t R
ep

or
t 

 

AR
P-

R
PT

-H
YD

-P
W

D
-0

00
02

 | 
Is

su
e 

10
 | 

29
 M

ay
 2

01
7 

| A
ru

p 
\\G

LO
BA

L.
A

R
U

P.
C

O
M

\A
U

ST
R

AL
AS

IA
\B

N
E\

PR
O

JE
C

TS
\2

47
00

0\
24

76
60

-0
0 

Q
U

EE
N

S
 W

H
AR

F\
W

O
R

K\
IN

TE
R

N
AL

\D
ES

IG
N

\C
IV

IL
\F

LO
O

D
IN

G
\0

2 
R

EP
O

R
TI

N
G

\0
2 

PO
D

\A
R

P-
R

PT
-H

YD
-P

W
D

-0
00

02
_1

0.
D

O
C

X 

Pa
ge

 3
6 

 

Pe
rf

or
m

an
ce

 o
ut

co
m

es
 

A
cc

ep
ta

bl
e 

ou
tc

om
es

 
R

es
po

ns
e 

C
om

m
en

t 
m

at
er

ia
l w

ith
in

 it
s b

ou
nd

ar
ie

s d
ur

in
g 

co
ns

tru
ct

io
n 

an
d 

op
er

at
io

n 
of

 th
e 

de
ve

lo
pm

en
t. 

Ed
ito

r’
s n

ot
e:

 T
he

 u
se

 o
f d

re
dg

ed
 m

at
er

ia
l f

or
 a

 b
en

ef
ic

ia
l 

pu
rp

os
e 

co
ul

d 
in

cl
ud

e 
de

ve
lo

pm
en

t o
f p

or
t o

r o
th

er
 m

ar
in

e 
fa

ci
lit

ie
s, 

us
e 

fo
r c

on
st

ru
ct

io
n 

or
 in

du
st

ria
l p

ur
po

se
s, 

or
 u

se
 to

 
cr

ea
te

 o
r m

od
ify

 la
nd

 o
r w

at
er

s f
or

 a
n 

ap
pr

ov
ed

 e
nv

iro
nm

en
ta

l 
ou

tc
om

e 
(s

uc
h 

as
 c

re
at

io
n 

of
 a

 b
ird

 ro
os

tin
g 

si
te

). 
Fu

rth
er

 
in

fo
rm

at
io

n 
ab

ou
t b

en
ef

ic
ia

l u
se

s i
s c

on
ta

in
ed

 in
 th

e 
Na

tio
na

l 
as

se
ss

m
en

t g
ui

de
lin

es
 fo

r d
re

dg
in

g,
 A

us
tra

lia
n 

G
ov

er
nm

en
t 

D
ep

ar
tm

en
t o

f E
nv

iro
nm

en
t, 

W
at

er
, H

er
ita

ge
 a

nd
 th

e 
A

rts
, 2

00
9 

W
ith

in
 a

 st
ra

te
gi

c 
en

vi
ro

nm
en

ta
l a

re
a:

 ri
pa

ria
n 

an
d 

w
ild

lif
e 

co
rr

id
or

 fu
nc

tio
ns

 

PO
5 

N
at

ur
al

 re
ge

ne
ra

tio
n 

of
 a

ny
 c

le
ar

ed
 

or
 w

or
k 

ar
ea

 is
 fa

ci
lit

at
ed

 w
he

re
ve

r 
po

ss
ib

le
. 

A
O

5.
1 

Th
er

e 
is

 n
o 

im
pe

di
m

en
ts

 to
 th

e 
na

tu
ra

l 
re

ge
ne

ra
tio

n 
of

 n
at

iv
e 

pl
an

t s
pe

ci
es

 in
 th

e 
ar

ea
 o

f c
le

ar
in

g 
an

d 
w

or
ks

 fo
llo

w
in

g 
co

m
pl

et
io

n 
of

 w
or

ks
. 

N
/A

 
Th

e 
Q

W
B

 P
D

A
 is

 n
ot

 w
ith

in
 a

 st
ra

te
gi

c 
en

vi
ro

nm
en

ta
l a

re
a.

 

W
ith

in
 a

 st
ra

te
gi

c 
en

vi
ro

nm
en

ta
l a

re
a:

 h
yd

ro
lo

gi
ca

l p
ro

ce
ss

es
 

PO
6 

D
ev

el
op

m
en

t a
vo

id
s o

r m
in

im
is

es
 

im
pa

ct
s o

n 
na

tu
ra

l d
ra

in
ag

e 
lin

es
 o

r f
lo

w
 

pa
th

s, 
du

rin
g 

bo
th

 c
on

st
ru

ct
io

n 
an

d 
op

er
at

io
n.

 

N
o 

ac
ce

pt
ab

le
 o

ut
co

m
e 

is
 p

re
sc

rib
ed

. 
N

/A
 

Th
e 

Q
W

B
 P

D
A

 is
 n

ot
 w

ith
in

 a
 st

ra
te

gi
c 

en
vi

ro
nm

en
ta

l a
re

a.
  

W
ith

in
 a

 st
ra

te
gi

c 
en

vi
ro

nm
en

ta
l a

re
a:

 w
at

er
 q

ua
lit

y 

PO
7 

D
ev

el
op

m
en

t a
vo

id
s o

r m
in

im
is

es
 

an
y 

ad
ve

rs
e 

im
pa

ct
s o

n 
en

vi
ro

nm
en

ta
l 

va
lu

es
 a

nd
 w

at
er

 q
ua

lit
y 

ob
je

ct
iv

es
 fo

r 
re

ce
iv

in
g 

w
at

er
s (

su
rf

ac
e 

an
d 

gr
ou

nd
w

at
er

) f
ro

m
 p

ol
lu

ta
nt

s o
n 

si
te

 o
r 

le
av

in
g 

a 
si

te
 lo

ca
te

d 
in

 a
 st

ra
te

gi
c  

en
vi

ro
nm

en
ta

l a
re

a.
 

A
O

7.
1 

D
ev

el
op

m
en

t d
em

on
st

ra
te

s b
es

t p
ra

ct
ic

e 
en

vi
ro

nm
en

ta
l m

an
ag

em
en

t t
o 

m
ee

t r
el

ev
an

t 
en

vi
ro

nm
en

ta
l v

al
ue

s a
nd

 w
at

er
 q

ua
lit

y 
ob

je
ct

iv
es

 o
f t

he
 

En
vi

ro
nm

en
ta

l P
ro

te
ct

io
n 

(W
at

er
) P

ol
ic

y 
20

09
. 

O
r 

N
/A

 
Th

e 
Q

W
B

 P
D

A
 is

 n
ot

 w
ith

in
 a

 st
ra

te
gi

c 
en

vi
ro

nm
en

ta
l a

re
a.

  

A
O

7.
2 

A
ll 

st
or

m
w

at
er

, w
as

te
w

at
er

, d
is

ch
ar

ge
s a

nd
 

ov
er

flo
w

s l
ea

vi
ng

 th
e 

si
te

 a
re

:  
(1

) 
tre

at
ed

 to
 th

e 
qu

al
ity

 o
f t

he
 re

ce
iv

in
g 

w
at

er
s p

rio
r t

o 
di

sc
ha

rg
e,

 o
r 

(2
) 

re
cl

ai
m

ed
 o

r r
e-

us
ed

 su
ch

 th
at

 th
er

e 
is

 n
o 

ex
po

rt 
of

 
po

llu
ta

nt
s t

o 
re

ce
iv

in
g 

w
at

er
s. 

 



This page has been left intentionally blank 



  

Destination Brisbane Consortium Queens Wharf Brisbane 
PoD Volume 3, Attachment K – Hydraulic Assessment Report 

 

ARP-RPT-HYD-PWD-00002 | Issue 10 | 29 May 2017 | Arup 
\\GLOBAL.ARUP.COM\AUSTRALASIA\BNE\PROJECTS\247000\247660-00 QUEENS WHARF\WORK\INTERNAL\DESIGN\CIVIL\FLOODING\02 REPORTING\02 POD\ARP-RPT-HYD-PWD-
00002_10.DOCX 

Page 37 
 

4 Flood Impact Assessment 
Hydraulic modelling has been undertaken to quantify the impact in terms of flood levels 
and velocities from the QWBIRD, in order to assess if the proposed development causes 
any unacceptable impact with regards to flooding conditions. 

4.1 Methodology 
A flood model was developed for the area based on industry best practice. The 
representation of the QWBIRD design within the flood model was rigorously verified, 
with changes in topography and landform directly included within the model topography 
and representation of structures confirmed against a range of sensitivity testing and 
calculations. 

The flood analysis was performed for a range of storm events. These storm events are 
defined through their probability of occurrence, expressed as a percentage to occur or be 
exceeded annually (% Annual Exceedance Probability, or % AEP). To capture a broad 
range of potential flood level impacts from the proposed development, the following 
events were analysed:  

 Tidal scenario (i.e. no rainfall or flood event)  

 Design floods: 
- 5% AEP design flood (lesser rainfall event) 
- 2% AEP design flood 
- 1% AEP design flood 
- 0.2% AEP design flood 
- 0.05% AEP design flood (greater rainfall event) 

 2011 design modelled flood event  
 
Details on the modelling methodology are included within Appendix A. 

4.2 Impact on Peak Water Levels 
The following maps (Figure 6 to Figure 19) show the impact from the proposed 
development on peak flood levels for each respective storm event. These maps depict the 
‘difference’ between the peak flood levels of the ‘developed case’ (i.e. with the proposed 
QWBIRD development) and the ‘existing case’ (i.e. no development). The figures also 
indicate the maximum flood impact observed for the modelled event beyond the localised 
afflux from the bridge pier. The yellow to red colour range shows the increase in peak 
flood levels and the blue colour range shows the decrease in peak flood levels.  

Note: the 2011 design modelled flood event includes the latest manual gate operations 
and hydraulic structures. It is representative of the 2011 hydrology with current situation. 
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Figure 6: Tidal Scenario (No Flood) – QWB – Peak Water Level Impact (overview) 
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Figure 7: Tidal Scenario (No Flood) – QWB – Peak Water Level Impact 
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Figure 8: 5% AEP – QWB – Peak Water Level Impact (overview) 
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Figure 9: 5% AEP – QWB – Peak Water Level Impact 
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Figure 10: 2% AEP – QWB – Peak Water Level Impact (overview)  



  

Destination Brisbane Consortium Queens Wharf Brisbane 
PoD Volume 3, Attachment K – Hydraulic Assessment Report 

ARP-RPT-HYD-PWD-00002 | Issue 10 | 29 May 2017 | Arup 
\\GLOBAL.ARUP.COM\AUSTRALASIA\BNE\PROJECTS\247000\247660-00 QUEENS WHARF\WORK\INTERNAL\DESIGN\CIVIL\FLOODING\02 REPORTING\02 POD\ARP-RPT-HYD-PWD-
00002_10.DOCX 

Page 43 
 

 
Figure 11: 2% AEP – QWB – Peak Water Level Impact 
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Figure 12: 1% AEP – QWB – Peak Water Level Impact (overview) 
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Figure 13: 1% AEP – QWB – Peak Water Level Impact 
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Figure 14: 2011 Modelled Flood Event – QWB – Peak Water Level Impact (overview) 



  

Destination Brisbane Consortium Queens Wharf Brisbane 
PoD Volume 3, Attachment K – Hydraulic Assessment Report 

ARP-RPT-HYD-PWD-00002 | Issue 10 | 29 May 2017 | Arup 
\\GLOBAL.ARUP.COM\AUSTRALASIA\BNE\PROJECTS\247000\247660-00 QUEENS WHARF\WORK\INTERNAL\DESIGN\CIVIL\FLOODING\02 REPORTING\02 POD\ARP-RPT-HYD-PWD-
00002_10.DOCX 

Page 47 
 

 
Figure 15: 2011 Modelled Flood Event – QWB – Peak Water Level Impact 
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Figure 16: 0.2% AEP – QWB – Peak Water Level Impact (overview) 
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Figure 17: 0.2% AEP – QWB – Peak Water Level Impact 
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Figure 18: 0.05% AEP – QWB – Peak Water Level Impact (overview) 
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Figure 19: 0.05% AEP – QWB – Peak Water Level Impact
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4.3 Impact on Peak Velocities 
As mentioned in Section 4.1 the flood analysis was performed for a range of storm events. 
To capture a broad range of potential flood velocity impacts from the proposed 
development, the following events were analysed:  

 Design floods 

 5% AEP design flood (lesser rainfall event) 
 2% AEP design flood 
 1% AEP design flood 
 0.2% AEP design flood 
 0.05% AEP design flood (greater rainfall event) 

 Tidal scenario (i.e. no rainfall or flood event)  

 2011 design flood event  

The following maps (Figure 20 to Figure 26) show the impact from the proposed 
development on peak flood velocities for each respective storm event. These maps depict 
the ‘difference’ between the peak flood velocities of the ‘developed case’ (i.e. with the 
proposed QWBIRD development) and the ‘existing case’ (i.e. no development). The 
yellow to red colour range shows the increase in peak flood velocities and the blue colour 
range shows the decrease in peak flood velocities. A small tolerance has been selected on 
purpose to better visualize the propagation of velocity impact as part of the modelling 
exercise; this means that high variation of colours are actually associated with a small 
impact value. 

Note: the 2011 design modelled flood event includes the latest manual gate operations 
and hydraulic structures. 
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Figure 20: Tidal Scenario (no flood) – QWB – Peak Velocity Impact 
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Figure 21: 5% AEP – QWB – Peak Velocity Impact 
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Figure 22: 2% AEP – QWB – Peak Velocity Impact 
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Figure 23: 1% AEP – QWB – Peak Velocity Impact 
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Figure 24: 2011 Modelled Storm Event – QWB – Peak Velocity Impact 
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Figure 25: 0.2% AEP – QWB – Peak Velocity Impact 
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Figure 26: 0.05% AEP – QWB – Peak Velocity Impact
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4.4 Results Analysis 
For all the events modelled, the impacts in terms of peak flood level increases from the 
QWBIRD development remain localised, and less than 15mm outside of the PDA 
boundary. In a modelled 2011 design storm event and in a 1% AEP storm, a local increase 
in flood level of +17mm along Montague Road is observed. In a 1% AEP storm, a local 
increase upstream of the development is observed; the impact is +17mm and it remains 
within river banks.  Local increases in flood levels up to 100mm are observed within the 
PDA in a 5% AEP storm (overtopping of the foreshore structures); these do not propagate 
outside of the PDA. 

The impacts on peak flood velocities remain less than 0.5m/s outside the PDA. Local 
variations of velocities in the vicinity of the hydraulic structures are observed, in 
particular at the overtopping event(s); these remain localised and do not propagate on 
developed areas. A small tolerance has been selected on purpose to better visualize the 
propagation of velocity impact as part of the modelling exercise; this means that high 
variation of colours are actually associated with a small impact value. 

Note: the 2011 design modelled flood event includes the latest manual gate operations 
and hydraulics structures. It is representative of the 2011 hydrology with current situation 
(i.e. flooding backup controlled by current manual gates). 

The peak velocity magnitudes are presented in Figure 27 for the 2011 flood event. It can 
be seen from this Figure that the foreshore works are located in a low velocity zone 
(generally less than 1m/s in the 2011 event). Flood impacts are generally driven by 
velocities rather than storage in the Brisbane River system, therefore the QWBIRD results 
in minimal impacts. Note: as a maximum, the landing fill represents a 5% reduction in 
the overall channel conveyance cross-section (calculated at the Mean High Water Spring 
level).  

For information, cross-section results are presented in Figure 28 for peak levels and 
Figure 29 for peak velocities. The results are taken from South Bank to The Landing (see 
Figure 30 for exact location).  
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Figure 27: 2011 Modelled Storm Event - Peak Velocities (Existing Case)
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Figure 28: Cross Section Results (Peak Levels, including Development) 

 

 
Figure 29: Cross Section Results (Peak Velocities, No Development) 

 

 
Figure 30: Cross Section Location 
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4.5 Sensitivity Testing 

4.5.1 Roughness Parameter 
Sensitivity testing has been performed by decreasing the Manning’s values by 10% and 
increasing the Manning’s values by 10%. The results are presented in Figure 31 and Figure 
32, showing the difference in peak flood level impact compared to the previous analysis 
with selected parameters, i.e. difference in flood impact results, or ‘ddh’ as generally 
referred to in the industry.  

For both tests, the difference between the previous assessment’s results is minimal and 
less than 15mm. The system is not sensitive to changes in Manning’s n for the purpose of 
deriving flood impact2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
2 Flood levels vary with a change in roughness, however the change is translated in both the existing case 
and the developed case; therefore the resulting flood impact remains consistent. 
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Figure 31: 1% AEP Event, -10% Manning’s – Difference in Flood Level Impact 
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Figure 32: 1% AEP Event, +10% Manning’s – Difference in Flood Level Impact
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4.5.2 Bridge Representation Testing 
Sensitivity testing has been performed on the bridge representation in the model: 

 Case 1: form loss applied across the entire river section, via ‘lfcsh’ polyline 
(conventional method in the industry) 

 Case 2: same form loss calculation, scaled onto pier location for a more realistic 
pattern of flood impact 

Refer to Appendix A.5.2 for technical detail on the modelling approach. 

The differences between the two approaches in terms of change in peak flood levels and 
peak flood velocities are shown in Figure 33 and Figure 34 respectively3. This testing was 
performed using the 2011 design flood hydrology. The change in results highly localised 
on the bridge pier and less than 3mm elsewhere overall. The velocity pattern is better 
represented with Case 2, where lower velocities are observed downstream of the pier 
(drag effect visible4), in comparison to Case 1 where form loss velocities are distributed 
across the river section (simplification of the system, drag effect not visible). 

Case 2 approach was selected for this assessment as it provides a more realistic pattern of 
flood velocities impact5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  3 Difference as follows: Case 1 minus Case 2  
  4 Limitations of the physics represented by the model apply; refer to section A.1.7. 
  5 Case 1 is generally more suitable for the representation of bridges supported with multiple, equally 
spaced piers. 
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Figure 33: 2011 Modelled Storm Event – Pedestrian Bridge Representation Sensitivity on Levels
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Figure 34: 2011 Modelled Storm Event – Pedestrian Bridge Representation Sensitivity on Velocities
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:  

4.5.3 Debris Accumulation Testing 
Sensitivity testing has been performed on debris accumulation on structures, including: 

- 3m debris mat at the pedestrian bridge pier 

- 50% nominal blockage at all North Quay structures perpendicular to the flow 

- 20% nominal blockage along the entire Goodwill Extension 

The results are presented in Figure 35 showing the difference in peak flood level impact 
compared to the previous analysis (no debris accumulation), i.e. difference in flood 
impact results, or ‘ddh’ as generally referred to in the industry. 

There are no visible changes in flood impact compared to a ‘no debris’ case. This is 
explained by the fact that additional debris blockage remains minimal compared to the 
overall channel conveyance. 
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Figure 35: 2011 Design Storm Event – Debris Accumulation Testing 
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4.5.4 3m Debris Mat and Vessel Impact Testing 
Sensitivity testing has been performed on both a debris accumulation and vessel impact 
at the bridge, including: 

 3m debris mat at the pedestrian bridge pier 

 Vessel impact represented as 20% blockage over a 4m height, 6m width (i.e. in a 
direction perpendicular to the flow) on both sides of the bridge pier 

The results are presented in Figure 36 showing the difference in peak flood level impact 
compared to the previous analysis (no debris mat, no vessel impact at the bridge), i.e. 
difference in flood impact results, or ‘ddh’ as generally referred to in the industry. 

There are no visible changes in flood impact compared to a ‘no debris’ case. This is 
explained by the fact that additional debris blockage remains minimal compared to the 
overall channel conveyance. 
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Figure 36: 2011 Design Storm Event – Debris Mat and Vessel Impact Testing 
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4.5.5 No Backflow Device Testing 
Sensitivity testing has been performed on removing the backflow device installed after 
the 2011 flood event and results are presented in Figure 37. The map depicts the impact 
that QWBIRD would have had in a 2011 flood condition. It can be seen that the flood 
extent reflects the flood gates being removed (i.e. greatest flood extent); the impact is 
similar with or without the flood gates (i.e. compared to Figure 14). 
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Figure 37: 2011 Design Storm Event – No Backflow Device Testing 
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4.6 Flood Impact Summary 
The modelling indicates that the change in the flood characteristics as a result of the 
QWBIRD is less than 15mm in terms of increase in flood levels and less than 0.5m/s in 
terms of increase in velocities outside of the PDA boundary. In a modelled 2011 design 
storm event and in a 1% AEP storm, a local increase in flood level of +17mm along 
Montague Road is observed. In a 1% AEP storm, a local increase upstream of the 
development is observed; the impact is +17mm and it remains within the river banks.  

There is no visible increase in flood extent6 as a result of the QWBIRD. The modelling 
methodology is presented in Appendix A. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6 The model is based on a 6m grid size; there may be change in flood extent within this 6m tolerance not 
captured by the model, specifically if the local topography varies over a 6m distance with vertical change 
in the order of the flood impact, so in this case varies over of a few millimetres (flat terrain). 
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5 Recommendations for Next Stages 

5.1 Detailed Design Verification 
The overall design of the QWB development is currently in progress and some element 
modifications may occur. It is recommended that ongoing verification of the flood impact 
be undertaken at various stages of the QWBIRD development using the Arup flood model 
or an updated version of this model. 

5.2 Site Specific Emergency Management Plan 
A site specific emergency management plan should be developed in the next detailed 
design phase if the QWBIRD, to assess the pre and post flood management operations at 
the site scale. It is noted that the Brisbane River Catchment Flood Study currently being 
commissioned by the State will provide information that underpins this plan, in particular 
flood warning times.  

Considering the large upstream catchment and long-time of concentration, the flood 
warning times is expected to be sufficient for evacuation planning in line with the 2011 
flood event experience. This consideration also covers Handbook 7, Australian 
Emergency Management Handbook (State and Local authorities’ responsibility). 

5.3 Construction Staging 
The QWBIRD construction staging may have two effects: 

1. Vulnerability of the design due to the intermediate stage not being modelled which 
may result in loads greater than the loads used in the design of elements of the works. 
For instance QWBIRD results in a decrease in velocities at the Goodwill Extension 
location; if the Goodwill Extension is constructed before the other elements it 
would be subject to higher flood velocities and higher flood loads than these being 
modelled in the ‘developed’ case. Arup has used the maximum peak flood levels 
and velocities between the existing case and developed case in the assessment of 
the flood load and debris mat load as inputs to the design to account for these 
circumstances. 

2. Increase in flood impact due to temporary structures. This analysis can be 
performed at a later stage if deemed required using the Arup hydraulic model. It is 
anticipated that temporary structures would have negligible effects on flood 
behaviour.  
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5.4 Modelling Considerations 

5.4.1 Tidal Condition Testing 
Additional sensitivity testing could be performed on the coincidence effects of regional 
catchment flooding and tide levels (joint probability analysis), for instance using a 
coincident low tide level and peak flood inflow from the hydrology. Such model 
boundaries conditions could be obtained from a regional model, for instance the BRCFS 
hydraulic model when available and used in the Arup model developed for this study.  

The recorded peak levels at City Alert Gauge in 2011, refer to A1.3.2, indicate a strong 
attenuation of the tidal influence (from 1.5m amplitude between low and high tide before 
the flood to about 0.25m amplitude during the peak of the flood event). This means that 
the flood behaviour is predominantly driven by the large inflows which are captured by 
the model rather than tidal conditions. It is therefore anticipated that this testing will not 
alter this assessment’s findings.  

5.4.2 Climate Change Testing 
An additional Climate Change scenario could be performed using the Arup model; this 
testing would require inflows and associated tailwater levels based on an increase in 
rainfall intensities. Such conditions can be obtained from a regional model, for instance 
the BRCFS hydraulic model when available. It is anticipated that this testing will not alter 
this study findings, considering a range of design events has been tested for the 
assessment of impact.  
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Modelling Methodology  
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A1 Modelling Methodology 

A1.1 Base Model Adopted 
The TUFLOW model prepared by Venant Solutions as part of the tender phase of Queens Wharf 
Brisbane has been selected by EDQ, DIPLG and their technical advisors as being the most suitable 
base model for the analysis of the QWBIRD flood impact. For the remainder of this report, this 
model is referred to as the Jempson model (nomenclature set by EDQ and DILGP).The Jempson 
model has been supplied to Arup as a base of this assessment. 

It is noted that a number of other hydraulic models are relevant to the project location, but have 
not been used for the following reasons: 

 Brisbane River Catchment Flood Study (BRCFS) hydraulic model owned by DILGP. The 
model is currently being finalised and it is not available for engineering inputs into this 
assessment.  

 Mike-21 model owned by BCC. The model is currently adopted by BCC for statistical design 
flood events. This model will be replaced by the BRCFS once released. The Brisbane River is 
represented in one Dimension (1D) and the model is not suitable for the detailed assessment 
of QWBIRD impact. 

 The Disaster Management Tool (DTM) ‘TUFLOW GPU’ model developed by BCC for 
interim disaster management pending the completion of the BRCFS. The model is based upon 
a relatively new GPU technology which is still under development (e.g. no 1D component); 
the model is not suitable for the detailed assessment of QWBIRD impact. 

 3D TUFLOW-FV Model of the Brisbane River owned by BCC. The mesh elements are in the 
order of 30m therefore the model is deemed not suitable for the detailed assessment of 
QWBIRD impact. 

 

It should be noted that the Jemspon model was developed as a tool to inform the proponents during 
bid phase of QWB. As noted by Venant Solutions in Section 1.3 of ‘Queen’s Wharf Brisbane 
Reference Hydraulic Model – Final Report (8 September 2014)’: 

“This model is to be used only during the procurement process of the Queens Wharf Brisbane 
Project to facilitate a comparative analysis of in-water infrastructure proposed in proponent 
submissions. This model will be used to provide an indicative assessment of potential flood impact 
from the proposals. The Development Approval process and any other approval process that this 
development may be subject to is a separate process and will require additional modelling and 
investigations”. 

Significant changes and refinements have been made to the Jempson model for the purpose of this 
assessment and the final model developed by Arup is referred to as the Arup model. 
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A1.2 Model Setup Refinements 

A1.2.1 Software Platform 
The model was developed using TUFLOW 2016-03-AA-Isp (64bits).  

A1.2.2 Resolution and Multi-Domain Linking 
The original Jempson Model was setup as a Multi-Domain (MD) TUFLOW model to optimize 
simulation runtimes, extending from Saint Lucia (Golf Links) to New Farm, approximately 850m 
downstream of the Story Bridge.  

A desktop review of the model performance was undertaken by Arup. The velocities distribution 
was found to be inadequate, in particular at the multi-domain linking location (high-velocities field 
is artificially ‘shifted’ by the model). This is illustrated in Figure 38. As a result of this the model 
did not predict realistic impact patterns.  

 
Figure 38: Jempson Model – Velocities Magnitude and Direction 
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Several tests on the 2d2d linking configuration have been performed by Arup, in an effort to model 
realistic velocity fields (and consequently momentum flux) whilst maintaining reasonable 
simulation runtimes; tests included: 

 Varying the number and location of hidden 1d nodes for transfer; 
 Smoothing the topography at the 2d2d linking location;  
 Setting the linking location at the shallowest parts of the river; and 
 Adjust the ‘Link 2d2d Global Stability Factor’ settings 

The results did not provide satisfactory velocity fields. Arup attributes this to the fact that 2d2d 
linking does not perform well in deep channels where large volumes of water are transferred from 
one domain to another. 

In order to resolve the momentum issue from the Jempson’s model, the Arup model has been setup 
as a single grid size. As a general rule, a ‘coarse’ model grid size will tend to overestimate the 
impact from a design and its propagation compared to a ‘small’ model grid size; this is assuming 
that design representation is adapted to the grid itself (i.e. ‘overrepresented’ in the case of a ‘coarse’ 
model). In order to determine the realistic flood impacts associated with the design, three distinct 
grid sizes scenarios have been setup in the Arup model for specific purposes; these are: 

 8m model grid size was adopted during the development and refinement of the design as 
considered the optimum resolution between impact assessment and simulation runtimes. 
Associated timestep was set to 3 seconds7. This is also the resolution selected to extract the 
hydraulic parameters for the design of foreshore structures (refer to Appendix D). 

 6m grid size for presentation of final results and impact maps in this document (simulation 
runtimes range from 13hrs to 30hrs CPU time). Associated timestep was set of 2 seconds7.  

 12m grid size for simulation of the sensitivity tests. 

The orientation of the model was also modified to ensure the grid is well aligned with the flow of 
the Brisbane River along the proposed development. 

 

 

 

 

 

 

 

 

 
7 The resulting Courant Number is relatively high; sensitivity testing has been performed with a smaller timestep 
with no measurable change in results, therefore the selected timestep was considered appropriate. 
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A1.2.3 Topography and Hydrography 
The Jempson model topography was based on a 2m Digital Terrain Model (DTM); this DTM was 
developed using Brisbane City Council 2009 LiDAR survey and 2011, 2012 and 2013 bathymetric 
survey. The latest hydrographic survey undertaken on 02 December 2015 provided by BENNETT 
& BENNETT was added onto the Arup model as illustrated in Figure 39. This is a Class A survey 
with a +/-0.5m specified accuracy. This also includes a ground survey undertaken by the same 
company in 2015. Other minor modifications have also been performed to the model such as 
topography smoothing and representation of local ridges and gullies, to ensure they are adequately 
represented with the new model resolution.  

 

 
Figure 39: Brisbane River Hydrographic Survey undertaken 02 December 2015 

 

The sand bars (ripples) are well captured by the survey. These are reflected in the model results 
and should not be interpreted as instabilities; this bathymetry is subject to change from year to year 
due to sediment transportation and is likely to change during a flood. It should be noted that 
changes to the river bathymetry during a flood have not been considered as part of this assessment. 
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A1.2.4 Additional Ground Survey 
Additional ground survey was undertaken at specific locations in consultation with the State 
technical advisors, to confirm the topography representation in locations that were considered 
hydraulically sensitive and to confirm the accuracy of the LiDAR data. These areas included: 
Buchanan Street; Coronation Drive & Cribb Street; near the Ferris wheel at Southbank; Dixon 
Street underpass; Brisbane Street/ Gailey Street; Parmalat Processing Facility/Southbank 
Boardwalk; and Coronation Drive & Lang Parade to Graham Street. The additional survey was 
reviewed against the Brisbane City Council 2009 LiDAR data to verify the accuracy of the 
topography representation. Refer to Figure 40 for the plan view of the additional ground survey 
and Figure 41 to Figure 47 for the survey comparisons. The additional survey data was added to 
the Arup model. 

 
Figure 40: Plan view of additional ground survey 

 
Figure 41: Comparison of survey and LiDAR data at Buchanan Street, West End. 
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Figure 42: Comparison of survey and LiDAR data at Coronation Drive (near Cribb Street intersection), 
Milton. 

 

 
Figure 43: Comparison of survey and LiDAR data near the Wheel of Brisbane at Southbank. 

 

 
Figure 44: Comparison of survey and LiDAR data at Dixon Street underpass. 

 

5.5

6

6.5

7

7.5

0 20 40 60 80 100 120 140 160 180 200

To
po

gr
ap

hy
 le

ve
l (

m
 A

H
D

)

Chainage (m) along survey

Survey

LiDAR

3.5
3.7
3.9
4.1
4.3
4.5
4.7
4.9
5.1
5.3
5.5

0 5 10 15 20 25 30 35 40 45

To
po

gr
ap

hy
 le

ve
l (

m
 A

H
D

)

Chainage (m) along survey

Survey

LiDAR

2.5

2.6

2.7

2.8

2.9

3

0 5 10 15 20 25

To
po

gr
ap

hy
 le

ve
l (

m
 A

H
D

)

Chainage (m) along survey

Survey

LiDAR



 

ARP-RPT-HYD-PWD-00002 | Issue 10 | 29 May 2017 | Arup 
\\GLOBAL.ARUP.COM\AUSTRALASIA\BNE\PROJECTS\247000\247660-00 QUEENS WHARF\WORK\INTERNAL\DESIGN\CIVIL\FLOODING\02 REPORTING\02 POD\ARP-RPT-HYD-PWD-00002_10.DOCX 

Page A8 

 

 
Figure 45: Comparison of survey and LiDAR data at Brisbane Street/Gailey Road. 

 

 
Figure 46: Comparison of survey and LiDAR data at Parmalat Processing Facility/Southbank Boardwalk. 

 

 
Figure 47: Comparison of survey and LiDAR data at Coronation Drive, Lang Parade and Graham Street.  

 

The majority of the survey confirmed the accuracy of the LiDAR to +/- 130mm. With an exception 
of the survey taken near the Wheel of Brisbane at Southbank being a difference of +/- 350mm.  
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A1.2.5 Existing Foreshore Structures Representation 
All bridges and CityCat terminals (including North Quay and QUT City Cat terminals) have been 
left unchanged from the Jempson model. These were modelled as a combination of (i) TUFLOW 
‘lfsch’ features for the representation of losses and blockage and (ii) ‘zshape’ for topography.  

A1.2.6 Drainage and Hydraulic Structures Representation 
A number of stormwater pipes were included in the original Jempson model in 1D to allow 
backwater flooding from the river. As stated in the Venant Solution report: “the dataset was not 
complete with regards to inverts and pipe diameters and so data was interpolated based on 
surrounding available information”.  

A review of the 1D model results also indicated a number of instabilities. The 1D network was 
reviewed and modified using data information provided by BCC. The following logic was applied: 

 Pipe greater than 600mm in diameter or width were added to the model (only major pipes 
represented) 

 Network sections in the vicinity of the recorded 2011 flood extents were added to the model  
 An invert level check was conducted of all pipes within network to address any ‘nonsensical’ 

invert levels 

In some instances, the stormwater GIS data provided by BCC did not include invert levels. In these 
locations, unknown inverts levels were estimated based on the surrounding infrastructure grades 
and invert levels. Where no surrounding infrastructure was able to be used to interpolate the invert 
levels, an assumed pipe cover of 600mm minimum was applied. Stormwater inlet pits were placed 
based on the GIS data provided; in some instances the pit configuration was simplified. This 
included combining a number of smaller network links at one common location in order to provide 
an effective 1d link between the Brisbane River and the surrounding area. 

 
Figure 48: Updated stormwater network and backflow device in the Arup model. 
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Data provided by BCC also included information about backflow prevention devices (flood gates). 
Backflow prevention devices were installed after the 2011 flood event along Brisbane River. Data 
provided by BCC included GIS information showing the location of each backflow device, as-
constructed drawings and design drawings. Locations of the backflow devices included: 

 1 outlet in Victoria St in West End (interpreted from the BCC drawings) 

 Multiple outlets at Milton (interpreted from the BCC drawings and BCC GIS file for outlet 
structures) 

 1 outlet at Auchenflower/Milton area (interpreted from site investigations) 

 1 outlet at Gailey Road in St Lucia (interpreted from the BCC website) 

It is noted that the backflow device located in the Milton/Auchenflower reach of Brisbane River 
was not included in any of the available information provided by BCC (refer to Figure 49). 
Through site investigations, it was found to be an operated gate structure which would be activated 
during a flood event.  

  
Figure 49: Back and front of flood gate opening located at Milton/Auchenflower. 

 

The backflow devices were represented into the model via the ‘Unidirectional Culvert’ feature in 
TUFLOW.  

The Arup model was updated with the additional pipe and backflow information (refer to Figure 
48). Two scenarios were set-up to determine the behaviour during the 2011 flood event (i.e. no 
backflow devices) and for a current day flood event (i.e. including the backflow devices). 
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A1.2.7 Roughness Parameters 
The roughness values adopted in the Arup model are tabulated in Table 4: 

Table 4: Roughness Parameter 

TUFLOW  
Material ID 

Roughness Type 

1 0.02 Primarily roadways, carparks and other smooth areas 

2 0.03 Primarily Lower Brisbane River 

3 0.028 Primarily Main Brisbane River Layer 

4 0.040 Primarily Parklands and Reserves   

6 0.100 Primarily Commercial and Business areas 

7 0.150 Primarily Residential areas 

8 0.200 Primarily Commercial and Business areas – zone 1 

9 0.250 Primarily Commercial and Business areas – zone 2 

10 0.100 Brisbane River Mangroves 

13 0.028 Brisbane River 180Degree Bend Layer   

30 0.500 Building Footprint 

33 0.04 Landing – pop ups and Light Vegetation (Design) 

A1.2.8 Arup Model Layout 
The Arup TUFLOW model layout is presented in Figure 50 below.  
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Figure 50: Arup Model Layout 

 



 

ARP-RPT-HYD-PWD-00002 | Issue 10 | 29 May 2017 | Arup 
\\GLOBAL.ARUP.COM\AUSTRALASIA\BNE\PROJECTS\247000\247660-00 QUEENS WHARF\WORK\INTERNAL\DESIGN\CIVIL\FLOODING\02 REPORTING\02 POD\ARP-RPT-HYD-PWD-00002_10.DOCX 

Page A13 

 

A1.3 Model Calibration 

A1.3.1 Flood Marks 
The Arup model was calibrated to the January 2011 event. The inflow and associated tailwater 
boundaries were extracted from the BRCFS model; it was noted that the 2011 BRCFS inflow 
differs from the previous 2011 inflows setup in the Jemspon’s model, which were derived from 
DTM calibrated TUFLOW model. The difference in peak flow is in the order of 5%, with the 
BRCFS 2011 inflows being lower. 

Given the new inflows, increased model resolution, new survey and hydraulics structures, a re-
calibration of the model was required. 

Available calibration data included surveyed flood marks provided by the State and a flood extent 
available for download on the Department of Natural Resources and Mines (DNRM) website. 
Calibration was achieved by varying the river Manning’s ‘n’ and the additional form loss applied 
to the bends. 

The calibration results are presented in Figure 51 for the 2011 event, showing a good correlation 
between the model results and the observed flood event. At the surveyed flood marks the model is 
generally within ± 150 mm, which is considered to be a good calibration given the uncertainty 
associated with surveyed flood marks. At the IRD building, a ± 50 mm difference was achieved at 
the closest flood mark. Sensitivity testing has also been performed and the system was found to be 
not sensitive to refinements in the calibration. 

A1.3.2 City Gauge 
A good match between recorded and modelled data was achieved at the City Alert gauge as 
presented in Figure 51 below. The timing of the model replicates well this of the recorded event; the 
difference in peak flood level is 0.16m at the City Gauge. 

 

Figure 51: January 2011 Calibration at City Alert Gauge 
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Figure 52: January 2011 Calibration at Flood Marks 
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A1.4 Hydrology 

A1.4.1 Regional and Local Flooding Consideration 
The Arup model have been setup for the analysis of riverine flooding only; there is no local 
flooding input into the model. This is suitable for this study as considered the worst case scenario 
for QWBIRD flood impact assessment. Any increase in levels from the development that translates 
in an increase in backup flooding from the drainage network into the floodplain will be identified 
with this approach; in the case of a combined regional-local flooding, it is anticipated that the 
impact from the development onto the floodplain would be less than the isolated regional case (in 
technical terms there would be less allowance for backup due to higher head at the pit inlets). 

A1.4.2 Model Boundary Conditions 
The 5% AEP, 2% AEP and 1% AEP (respectively 20yr, 50yr and 100yr ARI) design events were 
setup in the Jempson model based on BCC MIKE21 hydraulic model results of the Brisbane River. 
The upstream inflows and downstream levels time-series were extracted from the MIKE-21 model 
and scaled until the model approximated the design flood heights at the precinct.  

More recent hydrological inflow data was provided to DBC for this assessment. This data consisted 
of flow and water level time series, extracted from the BRCFS model. The data represents the 
latest hydrological data for the following flood events: 5%, 2%, 1% AEP design storm and 2011 
modelled flood event. It is noted that these updated boundary conditions supersede those provided 
in the Jempson Model. These results are subject to change as the BRCFS flood study has not been 
finalised. 

Note: in reviewing the results, it was found that the story bridge location exhibits a strong lateral 
water surface gradient from left to right bank, in the order of half a metre, which cannot be 
modelled using a single time varying water level boundary as extracted from the regional  BRCFS 
1D model. For this reason, the downstream boundary spatial location has been moved 850m 
downstream to a location of flat lateral water surface gradient. The flood impact generated by the 
development was compared to this produced in earlier version of the Arup model, where the 
hydrology was applied at the exact sourced location; the difference in terms of flood impact in the 
river were generally around 1mm and at a maximum 2mm. Arup attributes this marginal difference 
to the change in the design and other hydraulic parameters between the two cases compared rather 
than the downstream boundary location effects, following a review of the flood gradient along the 
river from the site to the story bridge. This provide confidence that the downstream boundary setup 
in the Arup model is suitable for the purpose of this assessment and has no influence on it. That 
is, this assessment results are not sensitive to the downstream boundary levels (i.e. refining the 
model further in that aspect would not provide any change to the results presented in this report).  

 

 

 

 



 

ARP-RPT-HYD-PWD-00002 | Issue 10 | 29 May 2017 | Arup 
\\GLOBAL.ARUP.COM\AUSTRALASIA\BNE\PROJECTS\247000\247660-00 QUEENS WHARF\WORK\INTERNAL\DESIGN\CIVIL\FLOODING\02 REPORTING\02 POD\ARP-RPT-HYD-PWD-00002_10.DOCX 

Page A16 

 

A1.4.3 Extreme Events 
The Jempson model was not setup for extreme events as no hydrology could be sourced. The 
extreme events were required at this stage of the QWB development to inform the foreshore design 
works (i.e. estimate of flood forces, or flood load). For this assessment, preliminary boundary 
conditions were provided for the 0.2% AEP and the 0.05% AEP (respectively 500yr ARI and 
2000yr ARI) extracted from the BRCFS model. These boundary conditions were extracted for the 
critical duration at the site and the time-series are presented in Figure 53). We note that the critical 
duration (or envelope of these) differ between the two events. These results are subject to change 
as the BRCFS flood study has not been finalised.  

Note: the GPU solver, or TUFLOW GPU software, has been used to simulate the extreme events 
to ensure reasonable runtimes. It is noted that the TUFLOW GPU software cannot represent one 
dimensional elements, however the contribution of these is negligible in extreme events and the 
approach is therefore suitable. 

 

 
Figure 53: Extreme Events Inflows 

 

A1.4.4 Tidal Event 
A tidal event was simulated as part of this assessment as requested by stakeholders. Tailwater 
time-series were extracted at the Saint Lucia level gauge (applied at the upstream model boundary) 
and the Brisbane City Gauge and (applied at the downstream Model boundary) from the Bureau 
of Meteorology website. The record for the Brisbane City Gauge is presented in Figure 54.  
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Figure 54: Tidal Event Scenario 

 

It should be noted that this setup may not replicate tidal flows accurately (tailwater time series 
forcing at both upstream and downstream ends of a model is not industry standard recommended 
practice). This event has been setup mainly to visualize the varying water level extent under normal 
conditions (i.e. not during a flood) rather than to assess flood impact. It is recommended that this 
scenario be simulated using boundaries from a regional model extending from the bay to a non-
tidal location of the river. 

A1.4.5 Model Events Summary 
Table 5: Model Events Summary  

Event Nomenclature Source 

5% AEP BRCFS8 

2% AEP BRCFS 

1% AEP BRCFS 

0.2% AEP BRCFS 

0.05% AEP BRCFS 

20119 BRCFS 

Tidal Brisbane City Gauge and Saint Lucia Gauge water level records10 

 

 
8 The BRCFS is ongoing and these inputs were provided as preliminary results  
9 The 2011 event is currently adopted for planning purposes  
10 It is recommended that this scenario be simulated using boundaries from a regional model extending from the bay 
to a non-tidal location of the river. 
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A1.5 Resulting Model Performance 

A1.5.1 Mass Balance 
The Mass Balance remains less than 0.02% for all events. The velocity distribution is presented in 
Figure 55 and appear realistic. The sand bars (ripples) are well captured by the survey and are 
reflected in the model results; these should not be interpreted as instabilities. 

A1.5.2 Velocity Fields 
The sand bars (ripples) are well captured by the survey and are reflected in the model results; 
these should not be interpreted as instabilities (refer to Section A1.2.3). 

  
Figure 55: Arup Model Velocity Distribution 
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A1.6 Representation of the Design 
With regards to the hydraulic assessment, only the sub-precincts directly interacting with the 
Brisbane River and/or with potential to impact on flooding have been represented in the model, 
namely (refer to Figure 3: QWBIRD sub-precincts 

 for locality map): 

1. Integrated Resort Development (IRD) Precinct: 
a. Resort Sub-Precinct; 
c. North Quay Sub-Precinct; 
d. Queen’s Wharf Plaza Sub-Precinct; 
e. The Landing Sub-Precinct; 
g. Goodwill Extension Sub-Precinct; 

4. PDA Associated Development 
a. Bridge Sub-Precinct; 

QWBIRD was subject to design development throughout this assessment phase. Some of these 
changes were performed in conjunction with the hydraulic modelling to develop an optimum 
design that results in minimal flood impact, whilst still maintaining the architectural vision and 
structural requirements. Only the latest version of the design is presented in this section (i.e. 
interim design and modelling iterations are not included). 

A number of elements are sub-grid scale features of the model. These elements have been 
incorporated via ‘form loss coefficient’ to model the energy loss that these structure would incur 
to the flow. The form loss coefficient for each structure was calculated utilising the method set out 
in the Hydraulics of Bridge Waterways, Bradley, 1978. Particular attention has been given to the 
representation of these elements, with derivation of form loss coefficient adjusted and adapted to 
the model grid size and other existing features such as Riverside Expressway and existing jetties.  

The latest 2016 release of TUFLOW has been used as it includes a revision of the form loss 
distribution across the water column, due to the previous approach producing inconsistent results 
where the bridge was substantially overtopped (drowned out) and the overall energy loss reducing 
with increasing water depth once the structure is submerged. 

A1.6.1 North Quay sub-precinct 1.c 
The North Quay precinct consists of two elements: 

1. Maritime structures (deck on piles); and  
2. Landscaping/extension of the existing Bicentennial Bikeway. 

Maritime Structures 
The maritime structures generally complement the existing piled deck structures; a plan view of 
the proposed structures at North Quay and the Cove is shown in  

Figure 56 and Figure 57 with cadastre reference.
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Figure 57: North Quay and the Cove with Cadastre Reference 
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Figure 58: TUFLOW North Quay Representation 
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The structures have been represented in the TUFLOW model using layered flow constriction 
shapes (‘lfcsh’ elements). Figure 58 and Table 6 shows the North Quay representation in 
TUFLOW and the associated parameters. 

A form loss coefficient was calculated for the entire arrangement with piles projected onto the 
most upstream jetty, based on the method set out in the Hydraulics of Bridge Waterways, Bradley, 
1978. The partial blockage from the deck and piles has been input into the model for the entire 
arrangement. Note: sensitivity testing has been performed on increasing the blockage factor at the 
North Quay marine structures with no observable difference on results; refer to section 4.5.4. 

Table 6: North Quay Representation Summary  

 Section 1 (refer Fig 50) Section 2 (refer Fig 50) Section 3 (refer Fig 50) 

Deck Soffit Level 0.85 m AHD 0.85 m AHD 0.85 m AHD 

Deck Depth 1.25 m 1.25 m 1.25 m 

Modelled Pier Losses 0.1 0 0 

Modelled Pier Blockage 7% 7% 7% 

Modelled Deck Blockage 100% 100% 100% 

Topographic Modifications 
Design files provided by CUSP landscape architects have been interrogated to develop a 3D 
surface of the proposed landform. The primary changes to the existing topography are summarised 
below: 

1. The existing revetment wall has been raised to 2.1m AHD and extended further into the 
Brisbane River (2.4m AHD locally along the northern edge of the North Quay); 

2. Some fill has been proposed along the northern edge of the Bicentennial Bikeway 
corresponding to stairs and landscaping (up to 3m fill). 

The resulting Digital Elevation Model (DEM) is shown in  

; this was directly input to the TUFLOW model. Refer to Figure 61 to Figure 63 for the DEM in 
plan and cross-sectional view. 

 
Figure 59: North Quay – DEM 
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Figure 60: North Quay – Design DEM in plan with 1m contours 

 
Figure 61: North Quay – Design DEM section 1 view (refer to Figure 60) 

 
Figure 62: North Quay – Design DEM section 2 view (refer to Figure 60) 
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Figure 63: North Quay – Design DEM section 3 view (refer to Figure 60) 

A1.6.2 Resort sub-precinct 1.a 
The proposed bund and flood gates around the IRD main building have been represented into the 
flood model as a ‘wall’ set to a fixed level of 5.9m AHD (via “z-shape” features of the TUFLOW 
software). This is the current flood resilience measure proposed by Cottee Parker architects for the 
building, in particular for the utility plant equipment set at the basement. 

A1.6.3 Queens Wharf Plaza sub-precinct 1.d 
The Queens Wharf Plaza is the public space between the North Quay area and the Landing. The 
fill associated with Queens Wharf Plaza has been incorporated into the ‘Landing’ landform 
representation. 

A1.6.4 The Landing sub-precinct 1.e 
The Landing design consists of a fill extension of the landform into the Brisbane River. The 
alignment has been refined as part of this assessment. 

Design files provided by CUSP landscape architects have been used to develop a 3D surface of 
the proposed landform. The primary changes to the existing topography are: 

1. Fill extends towards the Brisbane River up to a 50m distance fill; 
2. Some high landscaping variation within the landing, up to 3.0mAHD leading to a maximum 

fill of 5.4m along the banks of the Brisbane River.  
3. Final elevation of the landing set up to 2.4mAHD where a vertical revetment wall is proposed; 
4. The upstream edge of the landing is a deck structure with a 1 in 4 revetment slope underneath. 

The general arrangement of the Landing Design is shown in Figure 64 and Figure 65 The resulting 
Digital Elevation Model (DEM) is shown in Figure 66 and was directly input to the TUFLOW 
model. Refer to Figure 67 to Figure 70 for the DEM in plan and cross-sectional view. 

A higher roughness was also applied at the landing area to represent the pop-up facilities, from 
0.02 Manning’s parameter (existing case) to 0.04 (with landing).  
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Figure 65: Landing with Cadastre Reference 
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Figure 66: The Landing – Design DEM in 3D view 

 
Figure 67: The Landing – Design DEM in plan with 1m contours 

 
Figure 68: The Landing – Design DEM section 1 view (refer to Figure 67) 
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Figure 69: The Landing – Design DEM section 2 view (refer to Figure 67) 

 

 
Figure 70: The Landing – Design DEM section 3 view (refer to Figure 67) 

 

A1.6.5 Goodwill Extension Sub-Precinct 1.g 
The Goodwill extension design consists of a piled boardwalk structure (precast deck units on piles) 
along the edge of the Brisbane River, extending from the Landing to Goodwill Bridge, as shown 
in Figure 71 and Figure 72. 
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Figure 72: Mangrove Walk with Cadastre Reference 
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As with the North Quay Maritime structures, the boardwalk has been represented using a Layered 
Flow Constriction Shape in TUFLOW. However, its alignment is ‘complex’ and the theory set out 
in the Hydraulics of Bridge Waterways, Bradley, 1978 cannot be applied to the configuration.  

Sensitivity testing has been performed on the representation of the boardwalk in the model – refer 
to A.1.6.7 - and ultimately a nominal form loss coefficient of 0.1 has been applied along the entire 
boardwalk. The alignment is shown in Figure 73 (in pink), with the TUFLOW ‘lfcsh’ 
representation (in blue) and the model grid resolution (in black). The boat house is sub-grid scale 
of the model and it has been represented via a nominal blockage factor and form loss applied over 
the entire pedestrian platform. The parameters applied in TUFLOW are shown in Table 7. 

Overall the Goodwill Extension has been over-represented in the Arup model to ensure a 
conservative base for the assessment of impacts.  

 
Figure 73: Goodwill Extension Representation 

Table 7: Goodwill Extension Representation Summary  

 Boardwalk Boat House 

Deck Soffit Level 1.88 m AHD 1.88 m AHD 

Deck Depth 0.72 m 0.72 m 

Modelled Pier Losses 0.1 0 

Modelled Pier Blockage 7% 7% 

Modelled Deck Blockage 100% 100% 

 
Note: testing has been performed on the Goodwill Extension representation with no noticeable 
changes in the peak level results (hence flood impact), even in the case where the entire boardwalk 
is modelled as ‘full blockage’ via z-shape TUFLOW elements– refer to A.1.6.7. Overall the 
contribution of the Goodwill extension to the flood impact is negligible (less than 1mm) and 
considered as ‘no impact’. 
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A1.6.6 Bridge sub-precinct 4.a 
The QWBIRD includes a pedestrian bridge from the main tower to south bank. The indicative 
bridge design is shown in Figure 74. 

 
Figure 74: Indicative Pedestrian Bridge Layout 

 

A plan view of the bridge with cadastre reference is presented in Figure 75 

The soffit level of this bridge ranges from 27m AHD to 11m AHD at south bank and is well above 
the 0.05% AEP flood level. Therefore there is no flood impact from the bridge deck and bridge 
superstructure in all the events modelled as part of this assessment. 

The pedestrian bridge in its indicative current configuration will be supported by a central pier 
which comprises of the following elements: 

 Main supporting piles comprising 2 rows of 1.5m width piers, from the river bed level to 
approximately -1.5 m AHD, aligned with the flow; 

 3m high pile cap aligned with the flow (7.6m diameter); and 

  Upper supporting pier, with an 18 degree skewed angle and 2.5m x 14m dimension. 

Refer to Figure 76 and Figure 77 for schematic design. 
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Figure 75: Pedestrian Bridge with Cadastre Reference 
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Figure 76: Section view of skewed mid river pile cap (central pier) 

 
Figure 77: Plan view of skewed mid river pile cap (central pier) 
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The Hydraulics of Bridge Waterways predict an afflux of 9mm from the bridge pier, assuming the 
contributing loss from each pier element is proportional to its height. Note: this is in line with the 
default form loss method in TUFLOW in the 2016 release as shown in equation below (extract 
from 2016 TUFLOW manual): 

 
The bridge pier has been modelled as a ‘lfcsh’ element onto the pier location, with the losses scaled 
to the pier dimension and adjusted to the model grid size. That is, the bridge has not been 
represented as a singular element across the entire Brisbane River width as would suggest the 
Hydraulics of Bridge Waterways theory. Instead it has been adjusted to replicate the theoretical far 
field afflux, with higher flood impact produced in the immediate vicinity of the pier, in order to 
model a more realistic pattern of impact. The percent blockage for each layer has also been applied 
to the model. A summary of the form loss calculation is presented in Figure 78, with lfcsh inputs 
highlighted. 

 
Figure 78: Pedestrian Bridge Form Loss Calculation Summary  
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A1.6.7 Mangrove Walk Representation Testing 
The Goodwill Extension, or Mangrove walk boardwalk, has initially been represented in the QWB 
model via Layered Flow Constriction Shape in TUFLOW, using a nominal, high form loss 
coefficient of 0.1 considering its alignment is ‘complex’ and the theory set out in “Hydraulics of 
Bridge Waterways, Bradley, 1978”, could not be applied to the configuration. The boat house is 
sub-grid scale of the model and it has been represented via a nominal blockage factor and form 
loss applied over the entire pedestrian platform.  

A sensitivity test has been undertaken whereby the entire boardwalk was modelled as ‘full 
blockage’ (i.e. thick wall) via z-shape TUFLOW elements up to deck level, over the entre 
alignment. The ‘thick wall’ feature means that the entire grid element, which is 6m wide, is 
modelled as a wall. A screenshot of the design representation is included in Figure 79.  

 
Figure 79: Mangrove Walk, Thick Wall testing representation 

Results are presented in Figure 80 as follows. Note that the entire QWBIRD design has been 
modelled for this testing. 

It can be seen from Figure 80 that representing the Mangrove Walk as a ‘Thick Wall’ does not 
result in any visible changes in terms of flood impact. In both cases the impact remained highly 
localised onto the Mangrove Walk. A closer review of the results indicated that the original Arup 
representation results in a greater impact (in the order of 1 millimetre) than the thick wall 
representation outside the localised impact area near the boardwalk; this is because the system is 
more sensitive to form loss factor than it is to blockage factor. 

Therefore the approach selected by Arup was deemed conservative and appropriate for this 
assessment. 
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Figure 80: 2011 Design Storm Event – Mangrove Walk Representation “Thick Wall” Testing 
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A1.7 Numerical Modelling Limitations 
The Arup model is a tool developed to assess the impacts from the Queens Wharf development 
using industry standards and industry best-practice modelling approaches. 

When developing conceptual hydraulic models, there is always a degree of simplification required 
in order to simulate the complex nature of the physical system’s behaviour. A model is a 
representation of a system and may not reflect the exact flood behaviour at all points in time and 
space that would relate to a given storm event. In particular, the following limitations are noted 
for the Arup model: 

 No representation of the geomorphologic changes in river bed that would occur during a flood  

 2D depth-averaged computation 

 Fixed roughness over the entire water column 

 Horizontal turbulence approximated using eddy viscosity and vertical turbulence is modelled 
by the Manning's equation. 

 Secondary flows excluded from the model (however these are estimated to be minimal 
compared to the main flow)  

 Limitations in the representation of the QWBIRD design in particular with regards to three-
dimensional and sub-grid scale variations (simplifications of design elements therefore apply) 

 
The model developed by Arup for this assessment provides consistent results both in terms of flood 
impact and hydraulic results for the same design and is it therefore considered fit for purpose. 



 

 

 

  

Appendix B  
 

IRD Floor Plan 
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Appendix C  
 

IRD Flood Protection Strategy 
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DEMOUNTABLE BARRIERS

Demountable barriers are engineered to provide similar levels of protection 
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Appendix D  
 

Hydraulic Parameters 
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Figure 1: Location of data points for the design of foreshore structures 

Table 1: Current Flood Study Flood Velocities + 15% Increase 

Point 

Flood Velocities (m/s) - Current Flood Study + 15% - ADOPTED IN DESIGN 
 

20YR ARI 50YR ARI 100YR ARI 2011 500YR ARI 2000YR ARI 
A 0.9 1.5 2.0 2.0 2.5 3.1 

Goodwill 
Extension 

B 1.3 2.0 2.5 2.5 3.2 4.0 
C 1.7 2.3 3.0 2.9 3.8 4.6 
D 0.3 0.7 1.2 1.2 1.3 2.2 

E0 0.8 1.0 1.2 1.2 2.1 3.3 
North Quay F 0.3 0.6 0.7 0.7 0.8 2.1 

X 0.7 0.9 1.0 1.0 1.5 2.9 

H 0.9 1.4 1.6 1.5 2.4 3.7 

The Landing 
I 0.8 1.2 1.8 1.8 2.9 4.0 
J 0.2 0.3 0.9 0.9 2.4 3.5 
K 0.3 0.9 1.6 1.6 2.3 3.3 
L 0.3 1.3 2.0 2.0 3.0 3.9 

BR1 2.2 2.8 3.3 3.2 3.9 4.0 Bridge Pier 



 

 

 

Table 2: Current Flood Study Flood Levels 

Point 

Flood Level (m AHD) - Revised Flood Study - ADOPTED IN DESIGN 
 

20YR ARI 50YR ARI 100YR ARI 2011 500YR ARI 2000YR ARI 

A 2.5 3.6 5.0 5.1 8.1 10.9 

Goodwill 
Extension 

B 2.4 3.6 4.9 5.0 7.9 10.8 
C 2.4 3.5 4.9 4.9 7.8 10.7 
D 2.4 3.5 4.9 4.9 7.8 10.7 

E 2.5 3.8 5.2 5.3 8.2 11.2 
North Quay F 2.5 3.8 5.2 5.3 8.3 11.3 

X 2.5 3.8 5.2 5.3 8.2 11.2 

H 2.5 3.7 5.2 5.2 8.2 11.2 

The Landing 
I 2.5 3.7 5.1 5.2 8.2 11.1 
J 2.5 3.7 5.1 5.2 8.1 11.1 
K 2.5 3.7 5.1 5.2 8.1 11.0 
L 2.5 3.8 5.1 5.1 8.2 11.2 

BR1 2.5 3.8 5.2 5.2 8.2 11.1 Bridge Pier 

 
Note: It is noted that the 2011 flood level is 5.3m AHD in the latest model developed by Arup instead of 5.4m 
AHD previously advised. In practice the flood levels fluctuate around 5.35m AHD depending on the model 
parameterisation (this is the level of the closest flood mark captured in 2011). As results are rounded to the 
nearest 0.1m, this results in either 5.3m AHD or 5.4m AHD. For this reason, Arup previously recommended a 
flood level of 5.4m AHD for the IRD to ensure there would be no increase the other way around (i.e. from 5.3m 
AHD to 5.4m AHD) which has been adopted in the design. 
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