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Preface

Thers are aboyt 4.5 million hectares of wetlards in NSYW, most of which are located west of
thg GTEEI DI"ul'Illj.Il'Ig H.HHQ.E ard covar an area af ghaut 6% ﬂT the State. The W-E“Ell'ldﬁ in NSW
are divided into three broad groups: coaslal, tablaliand and |n!and. on the I:!asm of geagraphic
kocation. Within \hese groups, wallands vary in thair hyd,'n::h:}gm, gecmarphic and vegeatalion
characteristics. Wetlands are very sensitive to changes in both water and land management,
which may result in their degradation or impravement,

AR inter-governmental treaty, called ‘The Ramsar Conwention on Wetlands', was signed in
1571 to provide a framework for national acticn and lnmfnahunal :I:-c:ruperatlnn for the
congervation and sustainable use of the wetlands of national and intamalional significance.
Keondrook—Perricgala Farest is in Ihe NSW part ol the Ramsar-listed Murray flnodplain
walland ' Gunbowsr_Koond rmeok—Pemiceota Forests”. ILis the secand lamges! red gum forest
in Australia and is lacated along the River Murray betwagn tha tawns of Echuca and Barham.
It is 3ne of the six lcon sites that will henefit from environmental watering under The Living
Murray initiative signed in 2002 by the Australian, New South Wales, Victoran, Soulh

Australian and Ausiratian Sapital Terilary governments.

This report describes a major effort in hydraulic modelling of the Keandrook-Pemicoata
Forest undertgkan by the Scientific Servicas Division of the Depament of Environment and
Climate Changa in callaboration with NEW Departmnont of Water and Energy, Feresls M3W,
the Murray Daring Basin Commission and NSW Departmant of Cammerce. The work has
been done to suppon devetopment of the envifonmental watering plans envisaged in The
Living Murray Initiative, engineering designs of the Tm.'mmbarrj.r Cutting, and & assist in
implemantation of basin-scale hydrological modals to incorporte the effects of
environmantal flow diversions from the Murmay River. A comprahensive hydraulic model for
the Koondrook—Perricogla Forest has been developed in this work by using a multi-
disciplinary approach, and the sciance thal underpins the hydraulic mode! has been
extamally reviewsd and is described in detail in this report. A robust techagiogy in welland
mudelling has been daveloped grut demanstrated for the Koondrock—Pemicoota Ferest, and

its generalisation to other important welands warrants considaration.

Len Banks
Executive Dircctor
Srigntific Sarvices Division, DECC



Summary

Koondrock—Pemicoata Forest {KPF) is ane of Ihe six lcon sites that will benefit under The
Living Mumay Initiative astablished by the Murray Darling Basin Ministerial Council in 2002,
Within The Living Murray Initiative and The Erviranment Works and Maasures Program
teordinaled by MDBC, it is proposed o construct 8 channel called the Torumbarmy Cutting
to provide environmantal flows to the KPF. This report desciibes the development and
implementatien of the MIKE suile of hydraulic madels Tor the KPF. Key issues relating to the
design capacity of the Torrumbarry Cul:lling'. inﬂﬂ\f-' to the KPF under historical and likely
Tuture floading conditions: floed inundatan Mapping and remote sensing analysis; soils
investigations: fipod inundation patterns and inundaton depth; partiioning of tha water
balanse companeats; and return flows am discussed in this report,

£In the basis of analysis of fiow data in the Murray, a design capacity of S000 to 6000 MLiday
is recormmendead for the Tomumbamy Cutting. Extensiwe soils investigations were done in e
KPF to prepare a soils map and to EE!EIJ‘H_SH surfaca infillration rates and soil depth across
different soil types. Infillralion rate vares in he range 3 10 20 mmiday across the bukk of the
areas likely I3 be inundated under enhanced feoding conditions. Calibration datasets far the
KPF floadplain inundation patlerns under nistorical canditions were ohtained from remote
sensing analysis of 12 images from the Landsat satallte for three histlarical Rood events
under 1951, 1993 and 2000 condiliens, For a range of historical flow canditiens in the Muray
{3500 o 57 000 ML/day}, inundation araas in the range 0.7% to $8% were estimated from
the remota sensing analysis. Additiorally, an inundation area of about 73% was estimated
from mapping of the KPF fioodplain; this corresponded to 55 000 MLiday Row in the Murray
in August 1846,

The KPF ficadplain modelling was perfonmed in three stages, moving progressively from
simple to more complex ferms. Knowledge of the KPF Mood inundation processes was
imprevad in each stage 1o better formulate more complex madal forms. |t was considered
mandatary o Conmence simulations with simple modal forms using MIKE 11 (Stage 1
quasi-20) and then condusct targeted simulatians using MIKE 21 {Stage 2: 207 and MIKE
FLOQD {Stage 3: combined 10 flow in the runners and 20 flow on the floodptain). On the
bagis of the resutts from the MIKE 11, MIKE 27 and MIKE FLOOD models. we concluded
that up to a Aow of about 28 000 MLiday all three hydraulic models pravided similar
estimates of lhe inundation area in (ne range 0% to 10%. As fiow increased furher, the
results from the medsls tended 1o differ. The acturacy of inundation areas predicted by @ach
moxdel under a range of hydrological canditions in the Mumay is discussed in this repord. We
show that an ecological target of 30% inurdalicn of the KPF can be atfieved from diversion
flow of G000 MLiday from the Torrumbarry Cutting. undation areas in the KPF simulated
urder steady state condiions For flow diversions of 2000, 2000, 5000 and G0N MLIday from
the Tarmumbamy Cutting for 45 days were 12%, 17%, 28% and 32% respectively. Retum
fows from short- and Iong-duration anhansed fleoding of the KFF are likely to vary in the
ramga T0% 1o 84%.

A hysteratic inundation response model is propased for the KPF. The groposed inundalion
response model consists of primary wetting and donng curves that defing the lewer and
upper bounds of the wetland inundation. All passible wetland inundation processes that
depend on the hydrakogical conditions in the Murray can be defined by Ihe sacondary wetting
and drying curves. Results from complex hydraulic madelling of the KPF are synthesised into
simple and practical togle for use by enviranmental water managers and to help implement
basin-scale hydrological medels to incorporate the effects of envirgnmental low diversions
within The Living Murray Initizlive.

Xi



1 Introduction

The Living Murray (FLM} initiative was esta blished in 20042 by the Murray Darling Basin
Ministerial Cauncil in response to concems abaul the emyirgnmenlal and economic health of
the River Murray system {MDBC 2006, An inter-govemment agraement was signed in 2003
to commit $500 millian to the first step of TLM, which aims 1o recover an average of up to
500 GlLiyear new water gver 5 years and thus improve envirgnmenial flows and achieve
ecological objectives al six lcan sites along the River Murray. The six leon sites that will
benafit under Ihe TLM initiative are: Barmah—Millewa Forast; Gunbower—Koondrock—
Perfcosta Forests: Hattah Lakes; Chawill Floodplain and Lindsay-¥alipolla 1slands; the

I  Lakes, Caarang and Murray Mouth: and ihe River Mumay Charnel. This report deals
with hydraulic modeling of the #oondrook—PeTicoola Farast (KPF) to support davelbpment
of thes enviranmental watering plans and sagineering design of the structurat works at this
lcon sile,

Koondrook—Perricoota Forest is in the NSW pant of the Ramsar-hsled Gunbower-Pericoata
Forest (Figure 1). It is the second-largest red gum forest in Australia and covers about

33 750 ha along the Murray River. Itis located south-west of Denilquin batwesn Ihe towns of
Echuca in the east and Barham in the west. Before rivar regulation was infroduced in the
eary 1900s, the KEF oxperignced regular fooding for 3 to 3 months once every 4 years.
Mowadays, the flead frequency duration is approximately once every 12 years; this change
has meant a dacling in bath the producivty af the wellarnd and the health of the ecosystem.
The larest's wetlands and Noedplaine provide habitat lor many species of plants, fish,
reptilas, birds and marsupials thal are endangerad. The forest i5 alsg valued lor its culurs)

heritage ard its economic and re¢reational uses.

11 PROJECT BACKGROUND AND OBJECTIVES

Tha Living Murray Enwironmantal Works ard Measures F'n:rgra:_'n (EWMP} was formutated by
the Murray Dading Basin Commissien (MDBC) ta develap and implement a program for the
structural works and oparational measuras thal are required 0 dah-_mr and manage
ervironmental watet 1o mesl the ecalogical objectives at the lcon sites. Within the TLM and
EYWMP initiatives, il is propesed 10 construct a channel in the KFF to allow water rgm
Tomurmbarry Weir to take ifs natural course through the forast. eventuatly retuming to the
Murray and its tribulary Wakool to efficiently ulilise the available Murray River watar.
Although the natural valume and palem of water flow 1o the forest can't be restared. the
preject's ultimate aim is 10 provide water relaases thal will inundate al leasl A0%% of river red
qum forest and keep the KPF in an ecalogically healthy condition. Benelts include breeding
oppartunities far thousands of colonial waterbirds in at least 3 y2ars out of 10, and there will

ba healthy poputations of resident nalive fish in the wetlands.

A preliminary study was carmed out by Murray Irrigation Limited [pan of the study was
subcontractad Io URS Australa) to investigate the performance of a range of ¢hannel and
low cptions and to estimate the finad inundation areas asseetated with the oplions (MIL
2004}, Adigament af the channel. called the Torrumbarry Gutting. is shown in Figure 3.
Murray lerigation Limited developed some preliminary options far the proposed layoul of the
channel; thay focused an minimising the cut and fill volumes and Minirmsing ihe gvaral
envirormantal impact associated with constructing the channel through the forest.

Moangmak FParmceala Fores! Figed Enhancament it - Hydmapic Modeling: The Livieg ddiend p 1






» partitioning of the water balance components during flosding of the KPF under historigal
andd future conditions

s likely retumn fiaw from cutlets to the Murray and Waknool following enhanced fooding of
the KPF

v ansformation of the hydraulic problem into a hydrological problam by linking of the
results Irom hydraulic modelling of the KPF with the MBPBC hydrological mode! (MDBC

2002, 2007).

NSW Department of Environment and Climata Change (DECC, which now urdartakes soms
of the tasks performed by the farmer Department of Natural Resources) has undertaken the
hydraulic modelling waork in collaboralion with NSW Department of Water and Energy (WWE!
lormerly DNR), Farests NSW, the Departmanl of Commerce (DOC) and MDBL-. An
operational MIKE FLOOD hydraulic modal nas baen devsloped for the complele KPF by
DECC, In addition to the hydrawic modelling work in tha KPF, two major investigations
completed in this project anes

s« salinity impacts of enhanced flooding in the KPF (Evans and Bamett 2007

« soils invesligalions to support KPF hydraulic modelling (Jenkins et al. 2006},

In a separate bul dosely related project, Manly Hydraulic Laboratery (MHL) of tha
Department of Commerce has developed a 10 bydraulic medel, MIKE 11, for different Aow
conditions in tha Tomumbarmy Cotting (DOC 20081, DECC's 2D aedplain hydraulic model of
the KPF and MHL's 1D hydraulic madel of the Tomembamy Cutting interact explicitly, and the
inflow boundary conditions of the DECC made! are derived from the MHL model.

1.2  WETLAND HYDROLOGY AND FLOOL INUNDATION PROCESSES

The role of wellands to provide for stable water supplies, improvad water quality and 3 range
of ecological benefits has bean demonstrated in a number of recant studies (Richardson
21, 1997 Borin et al. 2001; Moore et al. 2002, Mitchell et al. 2002: Kazezyilmaz-Alhan et al.
2007). Consaquently. thera has bean an incresse in the research effort aimed at
understanding wetland hydrology, water quality and enviranmental flows,

\

¢

\

\!

Wetland hydrology and flpod inundation processes are generally investigated under the
ripanian zona hydrologicat protasses wherein interactions of the Aoodplain with the river are
examined to study issues such as praportioning of pre-event and even! stormwatar runck
and reversal of flow in the floadplains. Ripanan zones provide distingt connectivity between
the river and the foodplains thal play a sigrificant role in spatial and temporal conneclivity of
watar fluxes in and through the ripanan zone [Bizshap et al. 1890; McDonnell at al. 1981;

Cirmo and McDonmell 1987)

Davelopmants in watland hydrology modals are vary recent. In gontrast, high-resolutivs
distributed hydrology modets from hillslope to catchment scalas with varying levels of
complexity have been develaped and applied for sevaral decades (Abbolt et al. 1986,
Wigmosta et al. 1994, Bates et al. 2000; Watson et al. 2001; Tuteja et al. 2007).
Philoscphical problems in contermporary physically based hydrologicaf medelling are
continuelly debated gver the following key issues (Cloke ot al. 2008): acquisition of
necessary input data (Siaban and McDonnell 2002}, affective paramelersation [Beven 2000;
Bewvan and Freer 2001), mogdal avalualion and calibration {Anderson and Bates 2001), scale
dependency {Bl$3ch] and Sivapalan 1995} and uncertainty astimalion (Baven and Frear
2001).

q Koondropk Femrogle Forest Flood Ephancamanl Projes! — Hparawhe Modellimy Tha Lrung Afursy
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Although there has been much feldwork in the soenca of welland and fpadan zona isctope
hydralogy {Claxton et al. 2003; Summerell 2t al. 2006) and remote sensing analysis of
wetland inundalon and enwironmental flows (Smith 1997; Bates et al, 2006; Shaikh et al.
1488, 2001}, thara has been little progress in tha development and implementation of sound
hydrological models for wetlands and ripanan zones. Thare has been no generalised
madelling methodology for ripanian zones with a high enough resolution to capture the
detailed processes that are fundamental to understanding wetland and foadplain hydrotogy
[e.q. rapid soil moislyre dynamics, spalial and temporal patterns of Rood inundation and
velocity [elds, pre-gvant and event water sources and mixing of water parcels), The
development of slate of the arl flow and transport hydrological medels for wetlands and
riparian zona hydrology am vary recent. Cloke at al. {2006) proposed coupling of the random
walk particle method {RWMP) with the subsurface fow numerical model ESTEL2D, a subset
ol lhe TELEMAC modelling system of Hervouet (2000). Kazezyiimaz-Alhan et al. (2007T)
have proposed the welland model WETSAMD, whith consists of a diffusien wave
approximation for the averland flow and the advaction-cizpersion-reaction equations for
waler quality.

Models for simulating overand flaw and food inundation solve seme form of the Navier-
Slokes equations, such a3 the 3aint Vanant equation for shallow waler depth, in association
with assumptions. Thase assumptions relate o small water surface slope, sub-critical flow
sanditions, and larger waveatengths of flow rather than to water depth, boundary friction and

turbulance,

Sueh simulaticns are invanahly very complax and require caralul consideration of the
hydraulic precesses operating over a range of ime and length scates {Bates and Anderson
1983, 1996}, Computalional dermand for complele solution of the Saint Yernant equations
may be substantiai, and the selution may conlain large acoumulated error (Singh, 1996} For
most practical fiow routing problems, analylical solutions of the Saint Venant equations are
nal tractable, Tharefore, simplficd low reuting appresimations of the hydravlic models based
on Salnt Venant eguations are also popularly used. These model appraximations include:
kinematic wave (Doogs and Haray 1367, Woolhiser and Liggett 1967, Fonce et al. 1978),
diffusion wave {Docga and Mapiorkowski 1987 Singh 1396} and gravity wawe [Yen 1978;
Singh, 1998, Lingansed routing forms of the Samt Yenant equations are also populary used

{Dooge 1980; Mapidrowski 1592},

Davelapments in numesical sinulation using two- and three-dimensional modelling
approaches lo free surface Maw problems stared in the early 1830s (Bales al 2. 1997}, The
main aim is lo davelop predictive models by comparing lheir FJEI'fUI_‘I'I‘IEII'IGE with feld data and
with (he resulls of simulalions by means of the Saint Yenant equations. Hydraufic models
based on Saiat Yenant eguations divide (he niver int¢: & number of reaches. The hydraulic
enuations (mass and momentun] are applied lo each raach, and the system of equabions
corrasponding to all reaches is solved simullanegusly with suitable initial and bourdany
condilions. Codes have been developed using varying levels of numerical complexity,
including finite differencea {Zeilke and Urban 1881, Bates and Da Roo 2000; OH| 26071, finita
element (Gee el al. 1990; Bates & al, 1992, 1996) ard linile w3Hume (Lane et al. 1954),
These models tend to use stable numerical schemeas (Brooks and Hughes 1982, Anbodt at al,
1986}, moving inundation extenl boundaries [Lynch and Gray 1980; King and Roig 1588)
and element-by-elemant storage of the mass and momentum stiffness matrix to optimise
computar storage reguirameants {Caray and Jiang 1986; Hervouet 1992, Binley and Beven
1993, Sceeh models include mamentum ransler berveen in-channel lows and out-of-bank
Mows in tha fleadplain o account for significant two- and three-dirmansicnal efects [Koight

and Shiono 1956).
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In stage 1, 3 quasi-20 MIKE 11 hydraulic model was develapad for the KPF floodplain along
the flow paths for historical and lkely future condilions with water diverted from the
Torrumbarry Cutting, Sansitivity of the model to oodphain resistance parameters and
infiltration rates on outflow from the KPF, as well as flood inundation extents and flow
veincily, were examined. |0 stage 2, a 0 MIKE 21 hydraulic model was developed for the
KPBF Aoodplain far the histonical and likely fubure conditions. The model was implemented at
40 m grict cell resolution, and medal simulations were performed at 10 s time steps for each
higtorical and fulure flooding avent. Flood inundation extent maps obtained frem Stage 1 and
Stage 2 modetling were compared wilh the maps from remote sensing analysis and 1946
mapped flood extents. The ralative importance of channal flow in tha runners of the KPF and
Roodplain for different infiocawy boundary cenditions was evaluated. In Stage 3, a final
comprehansive MIKE FLOOD model was devaloped for the KPF; it combines the sirengths
of 10 modelling using MIKE 11 for adequata represantation of lhe channe! conveyance and
20 mpdelling using MIKE 21 {0 properly reprasent twa-dimensional 2ffagis in the out-of-bank
fAows. The model intemally allows for dynamic exchanga in both directions babween the 10
channel and 20 floodplain Aow companents. Results from the MIKE FLOOD mods] wers
then used for the likely future conditions to assess whether the given level of diversion from
the Tarrumbamy Cutting could meet the ecglogical okjeclives of the Koondrook—Pemicoots

Ireon Site.

Finally, a hysteretic concept of the KPF floodplain inundation process is proposed. Simplified
parametric forms of the hysteretic fload inundation madal were developed {Section 7).
Results from tha KPF hydraulic modal ware synthesised to develop relalionships balwaen
storaga and outflow, inflow and eetum Aowilasses and waler dapth and inundation area.
Thasa functignal relalionships in parametric forms enable the linking of imfermation from the
KPF hydraulic model into tha hydrological model.
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2 Study area

The Rivar Red Gum fergst of Koondrook—Permicoata is located on the River Muray $oodplain
in south-west NSW, beabwecn the towns of Echuca in the easl and Barham in tha west. The
forast study area is about 33 750 ha, The eagtem baundary of the KPF is located upstream of
Tamumbamy YWeir and provides Sulable oppartunity [or tha divarsion of water through the
Tomumbarry Cutting, There are gight inkt locations an the: right bank of the Murray from which
water can naturally entar the KFF (NSW) and five inlot lpcations on the left bank of the Murmay
from which walar can gater the Gunbowar Farest [vicloria) when flow in The Mumay exceeds
17 000 MLfday [Figura 3} The KPF inlats arg Swan Lagoon upstream, Swan Lagoon

downstream, Horseshoe Lagoon, DBead River Lagoon, Black Gate, Penny Rayal, Upper Thule
and Lower Thule. The Gunbower inlets ara Daap Creek, Broken Creek, Spour Creek, Barton

Crack and Yarran Cragk. Five oullets from which water can potentially laawe the KPF are
Barbars Qultow, Barbers Cregk, Cow Creek, Call Creek and Thule Creek. Thula Creek
outflow is located on the northam boundary of Ihe KPF, whereas the remaining oulllow points
are locatad towards 1he western boundary of the KPF. Downstream of the KPF Forest
boundary all cutfiow streamsirunners towards the westam boundary join Barbers Greek

%4  DIGITAL ELEVATION MODEL

Tha DEM for the KPFE was developed using ramate sanging technalegios for high-rosalution
terrain mapping (Figure 3). The DEM 21 1 m grid cell rezolubion was daveloped by using a
LiDAR (Light Detecticn And Ranging) survey (MDBC 2005). The survey was par of the Hume-
Euston Project covering 1.7 million hectares along the Murray siretching between Lake Hume
in the east and Robinvale in the west, and between Moulamain in NSY and Shepparton in
Victoria. The report considared a three-iered accuracy assessment that compared LIDAR data
with more raditional photegrammatry techniquas. Anticipated accuracy of the LDAR survey is
+15 om vertical and £50 cm hawizontal, with veriical accurscy being the primary measure.
MOBC {2005) reports an overall vertical accuracy of the Hume-Eusion LIDAR-ponerated DEM
of 17 cm on open ground, measured at 1 standard de'.-iatinn !:l'_,-' the root mean squarsd error
(RMSE) mathod. The emor was affectad by the termain conditions, and the largest emors were
associated with the prasence of waler bodies and saluratad Soils.

Additional ground survey work was dora in the KPF as a comporent of this project at tha

Lagaan, Differences in elavation al various lecations betwaen 1 m LDAR DEM and the survey
gata are shown in Figure 4. The scatter plots in Figure 4 show unsystemalc differences between
the DEM and survay daia, with the bulk of e differences within £0.5 m. At {1 standard deviation,
the aocuracy variaed between the twi datazels in 1ha range 13t 41 om. All lermain data lor the
KPF hydraulic model was darived from the DEM, and the survey data were uzsed 1o vedfy the
geometry arcund the KPF inlets and ouliets ared around the Tormumbamry Cutting.

Five crose-sections acress the width of the KFF and perpendicular to the general flow path
were obtained Irom the DEM to as3e5s the average siepe of the KFF Doodplain (Table 1,
Figure 5). The average elevation akong the width ol the fores! YWwards the sasterm boundary,
where the cutting discharges inte Bullack Head Cregk, is 84,70 m; lowards the westem
boundary iLis 76.56 m. The average slope of the KFF flogdplain along the flow path vanes
from 1 in 4517 at the upsiream end (eastern boundary) to 1 n 7310 at the downstream end
iwestarn boundary). The southen boundary of the KPF flocdplain adioining the Mumay 15
genarally higher than the nohem boundary, and the general flow diregtion in the KPF

flood planm is noth-woast.
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Figure Ba. Measured cumulative infilkration {mm} and Infliration rates (mméday) a1 Sltex 5, B
and 13 [see Figuma 7 For lecation]

Stte B[22 Feb - 3 Mar 2008)

E

E 200

_51511:! +—|

Em:ru = ha

E B o - - - e — — - P

E 0 ——- 1

d 2RERI;FE23IZ
ot b oah A 2 G oo o ook o
[ I R R Y]

- SHa 8 {22 Fab - 3 Mar 2006)

E

E_qu.n.n. e .

E * 1

s‘gmg__-. L CE R

E ]m]_... » - - |

s fE2EZRiiiias
AT I I IR

. Ske 13 (22 Fal - 2 Mar 2006}

E

£ M0

3154] ._-i_

E“:H:I T L

E 50

E D ="" Pl fal Fal L _-\!

s B EFEEE ®OFOFOZ
= 0% 8 moaR - ™o

Gty A{22 Feb - 3 Mar 20

3 |
501 -- -
E » & Z
:. 40 b — e e 3 SRl ;
-E'SIII [ .
& 200 <
£ 100
E ORFEFEEIEIGOE
e R A
™ N P
_ Sie B {22 Feb - 3 Mar 2006
=
e S S S S
L]
2 500
o
Lo, -
E oon
= = 4 3 A &2 L B R R
z EELEELTEEEEIEEE
- She 13 (22 Feb - 3 Mar HHIE)
B
Edn- - - .
- M- ‘—, fl
Ezu! * 4
$wi-n— —--
£ ol
—_ ! —
T 3P FEEE 2 LB
04 &8 K g - 4 & 9

16 Foandriok Pamcoola Fores! Flogd Enttancarment Proyact — Hpdrauhe Modeling: The Liqeg Murey

|

{3318

o
=

Figure Bb. Measured cumulative [nfilitration (mm) and inflitration rates (mmday) 2t Sites 16, 17
and 24 {see Figure T for Incation)
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24  FLOOD INUNDATION AND REMOTE SENSING PATA

The source data maps for the KPF floodplain inondatien and Tha prevailing vegetation
palems, prepared from an acrial survey on 7 August 1846 by the RAAF, re available in the
Forests NSYW archives. This flcod event comesponds to 55 Q00 MUday flow in the Mumay
and forms a useful dalasal. Maps from the aenal survey were prodused al a scale of 20
chains to Ihe inch, aquivalent o 1:13 840. These maps were scanned and otha-rectifed to
match SFOT 5 satelita imaggry with tha datum set for GDAS4 Zone 55.

Crrhg-rectilicaton is a procedure for digitally matching the scanned Fongstry Comemisssn
maps. The maps anc scanned to produce a digital file and are then digitally strelched to
match comesponding fealures an the SPOT image. This process puls the maps inta the
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Momerniuct balance i y-direction:
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H-FF_} k| ax\ kA £y CRT 2|y dx
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o, ay

where, -ﬁ'{.ﬁf. .1"'1!:] = watar dEP“'I Em]1 ';{-":1 _]-"J} = suiface elevation {ﬂ'l}l e gll:x__}:-;} = flux
density in x- and y-dirgclions fm¥s'm™), Cfx, ¥) = Chezys resistance (m" e, g=
arceleration due to geavity {ms'?), FV¥) = wind fiction factor (=), ¥.¥,, ¥, [x,p.0) = wind

speed and components in x- and y-directions (ms ™), £2 = Cariolis parameter (7).
z.{x, v,i) = atmospheric pressure (kgm™'s%), a. = density of water tkgm™), §, 5,. 5, =

SOLFGE MAss, SOUrce momentum componants (m’s?), r_,r .1 = components of effective

shear shrvss (mPe ™)

Enuatisns 3, 4 and 5 are expressed in terms of water depth and Aux densities in the =- and y-
directions and ame solved numerically by using a fully implicit finita differance schema. Tha
MIKE 21 numencal procadure uses the Allermating Dirgslion Implicit {AD1} technique W solve
the mass and momentwm shiflness malnx al each ima step (Abbott ot al. 1973, 18581). For
each direction of the ADt scheme, the systarm of equations is resclvad by using a double
sweep numerical aigarithm ¢ achieve convergance. Both types of boundary condilion
{specified waler leva] Dirichiet Type [ and specihed lux Neuman Type (1) can ba used in
MIKE 21. The baundary conditions can vary in bolh ima and spaca. Poinl sources and sinks
can also be incorporated inle the MIKE 21 Model. Model input data include bathymetry
[ohtained fram the DEM). boundary condilions, wind spesd and direction (constant and/or
varying in timre and space], atmospheric oressure maps, bed rasistance {conslant or spalially
variable}, Aux- ar velocly-based eddy vistosity and radiation stresses. Rainfall, evaporation
ard surface infiltration data varying in time and space can be incarporated into MIKE 21.
Mode| output includes spatial and temporal varalions of water depth and flux densities in the
x- and y-directions.

3.3 MIKE FLOOQD MGDEL

MIKE ELOOD model combings the strengths of 10 modaling using MIKE 11 fsr adagquaty
rapragentation of the channel conveyance and flcodplain modeling vsing MIKE 21 to
propery reprasent 20 effects in the out-cl-bank flows, Tha mode! allows for dynamic
exchange intarnally in both diractions bebween the 10 channel and 2D floadplain flow
companerits. The model can be uzed for Noodplain applications, stonm surge studies, urban
drainage, dam break, hydrauli¢ dasign of strucluras and broad-scale estuarine applications,
The thrae main types of link peanissibla in MIKE FLOOD arg lisled below.

331 Standard link

This type of link alfows conneclion between the end of a MIKE 11 branch and a senies of
MIKE 21 gnid cells, Discharge is extracted from the MIKE 11 boundary and is imposed in
MIKE 21 as a source tarm, thus affecting the continuity and momentum egquations in MIKE
21 (equations 3 to 5). MIKE 21 in turn provides the water level boundary to MIKE 11 at the
naxt tima stap.

3.3.2 Lateral link

Thig type of link allows connection babween the end of ong MIKE 11 reach within one branch
and a sores of MIKE 21 grid cells (Figure 13). Flow through MIKE 11 and vice-versa is via a
laleral houndary which is applied into MIKE 21 via a source term. Flow through the link is
dependent on a structure equation and water levels in MIKE 11 and MIKE 21. Flow through
the link is distribuled into several MIKE 11 waler lave| points and saveral MIKE 21 gnids calls.
Lateral link is explicit and does not guarantea momentum conservation,

Lataral links can be specified along the centra ling, lek leves line or Ihe right levee line of Lhe
MIKE 11 gross-seclions. A structure required to calculate flow exchange between the two
models is typically 2 weir that reprasents overtopping of a river bank or a leves.

Figure 13. Lataral low link gver elther laR or right banks between MIKE 11 branches and MIKE
21 grid cells [ MIKE FLAOD {from DHI 2807}
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(EWG) and the TLM Committag will consider a range of dry and wet conditions in tha basin,
taking into account environmental and ivigalion water requirements in an intearatad manner.

Threshold dischames of 0, 5000, 10 000, 15 000, 17 800 and 29 000 ML/day were assumad.
The carying capacity of the Tormembarry Culting was assumed to vary bebween 2600 and
7000 MLU/'day in increments of 1000 MLUday,

For each threshold discharge (zix values) and for ezch canying capacity of the Tormumbamy
Cuting {six values), the number of days In a year (May of year one lo April of the Idllowing
year) when water is available for diversion into the Tarrumbarry Culling was estimated.

These data were then used to estimale the axceadance probability, ¢corespanding to the
rumber of days in a year a given demand for diversion inte the Tomumbarry Culting can be
satisfied.

The volume of water {GLyear} that can potentially be divarted inlo the Koondrook—Pemicoota

Fora=t each year {1891-2000}, comesponding to a threshold discharga of 17 000 MLfday
and a carmying capacity of the cutting varying betwean 2000 to 7000 MUfday was aslimated.
The number of years (or gxceedence probability) a given annual damand of 800 Gl'year can
be satisfied was then eslimated,

The number of days a given demand ¢an be satisfied coresponding ko an exceedence
probability of 33% {1 in 3 years) and 25% (1 in 4 yaarg) are shownin Tables d and 5,
respectively. Buration curves far the annual runcfl volumes (Gldyear) thal ¢can petentially be
diverted into the Koondrook—Permicoota Forest are given in Figura 15, Figure 16 shows the
results of the analysis for a fhreshold discharge of 10 000 MLfday and a ¢arrying capacity of
Ihe Tomumbamy Cutting in the range 2000 to 7000 MLday.

Figurs 13, Duration curvas for tha volume of wabar that can potantially ba divartad [ g the
Koandrock-P4ricocta Forest with different carmying capachies of the Torrumbarry Culting.

Volume of water potentially avaitable for diversion
into the KP Forest {Threshald = 17000 ML/d)
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Table 4. Number of days in a year a given demand far diversion flow inte the cutting can be
satisfied, correspanding to a 33% axceads nes probability {1 in 3 years) for various magnitudas
of tha thrashold discharge’,

Throyhokd diachargs n the Mumey downnoesem of Torrumbarmy Walr ]
0 MLictay Eated ML day | sanco MILdary ! 18000 MLiday | £7000 Mt fday | 20000 MLiday

Flow {Carttng) ) Mo ol days |
UM i By 55 2B5 227 ] 184 1BE ! 163
AT MErday kil 2B 27 I 10 17 £
A0 Uiy pL 2 212 188 | 17t 156
S ML ay 313 25 207 17 ! 165 153
| B ML ay 09 235 k] m ' 15 145

OO0 MLy 5 sy 18 1B5 l 158 142 T

"F b vt D rlesd ik el TOMMUMBBTY CUHRHg Doy ey Thoter an G Mlamay ascsgdg tha mrerchold fescians.
Moe: Whan Aow in the Mumay st Tomumbamy Wes oooeed= 40 O30 MLUIday, about 60 MUday is nalumlly divered 10 te
KPF Tho Culng cifers fig ppbon 0 cieprenn Aows of up 1o GO0 WLidey whan Aow In e MirTey 15 koss than 0 000 Muey

Tabla 5. Numbar of days i a yaar a given demand for divarsion flaw irts the culting can be
sallsfed, comasponding to a 25% excerdence probabllity (1 [0 4 years) far variows magnitudoa
of the thrashold discharge.

Threxhokd discharge | m the Moy downstmam of Tormumbamy Walr
0 WLiday 5000 MUday | 10000 Mifday | 15000 Miiday | 700 MiSiday | 2000 B dary

v [ Culiteg) M. af duys

2060 MLt ay U 30 39 a0s 154 e
300 MLy 365 il 2313 202 - 191 168

A0080 ML Ay % 2 24 i 194 142 164

SO0 ML dayr 55 =38 222 191 17E 160

BO00 MLTdEy 322 246 210 182 168 ' 156

TO0 MLiday 310 219 205 176 156 | 152

The results of the analysic show that it is possible to meet the demand 33% of the time {10
3 years) for a diversion flow of 6000 MUday inlo the Tormumbany Cutting on 166 days of the
yaar, corresponding to a threshold discharge of 17 Q00 MLU/Iday (Figure 15). For the same
divarzion flow and threshold dischargs, the demand ¢an b satisfied 25% of the time {1 in 4
vears) far 168 days.

Thiz analysis does nat consider water requiremenis far irngalan and othar environmenial
assats thal the EWE and TLM will need lo consider. Tha issug of retuer flow will also need to
be considered, Becausa of the pressing demand an waler in the Murray systemn, it is fikely
that, at most, water would be availabta for diversion into Ine Cuthng on betweean 90 and 120
days [e.q. 6000 MUday for 100 days or 00D MUday for 120 days) {Andy Close, pers.
comm).

Agsuming arnyal anvirenmantal water raquiremants of abogt €00 GLyaar (HO00 MU day or
100 days or 5000 MLday for 120 days = @00 GLiyear), 19 achigva the acological objeclives
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Density slicing is an enhancement technique whereby an images is processed o display a
rew image in which the pixels have only one of bwo ONg; githar 1 (wet] or 0 {dry). Tha values
ara assigned on the basis of whether the ariginal image plxel had a DM greater or less than
the nominated threshald, Density slicaing has been found to be very reliable in delineating
inundated and reon-inungaled wetlands {Bennett 1987; Johnston and Barson 19%3; Shaikh ot
al, 1988), Johnston and Barson [1993) used a DN of 4D as a threshold to map inundated
areas using TME,

Tabla b. [nundation aras astimated Fom a remote sansng analyzks of Landzat TM imagoes and
from the MIKE 11, MIKE 21 and MIKE FLOQD hydraulic models,

Dute Flow (MUdry) | DM AAreahsld Yel ares (%} o
_ Remote sensing | MIKE 13 | MIKEZ1 | WIKEFLOOD |
1 Ay 190 4451 m 13 ]
1F Bapgrisl 15 13 550 2 L] 21 014 - 014
| 3 Seprornber 1341 >3 (8 = oF AT 5.0 4
' 4 October 1051 ] 128
' a1 175
A3 b ! e 132 sl 534 360
1 Mausmibar 1591 w |l w 17 e |
10 Jmnusary 196 [ 45 15 N B
Bl Pangied 143 38 24 G0
25 a4 nr 31.0 183
23 Sepledioar 1093 56 570 k1. BE.B 335 E5.9 51
26 Movarnger 1993 2T E74 a0 a8 75 404 Z8.8 !
1 Scptambor 2000 15 87} A €3 0.6
4 Crttser 2000 2a a0 LT ) 11.2 i 26.0
| 35 125 i
i ™ 126 | ]
[ s Darcnmisor 2000 16 587 A1 BEY e 312

"Akepad Cha ey bdurrkres (DM Iiaarokd walisses [OHICmAre] Cor 3 30y willy oo fus 4 58ncy survey dats ond 30 33iTs will
Formsk MEW fimld slaff

In this study, the DM kar watar in the range 20 to 45 was used for diferent images (see Table
3], Npte that tha thrashold value 15 not always the samae; it changas from image 1o imaga,
amd somatimes aven within the same image, These values vary Irom ong imaga lo anothar
because Lhe images were acquired in differenl seasons and under different atmospheric
gondiions. Radiomelric normabisation ¢an be perfarmed on an image to ensura that ail
imanes have digital values as if asguired in similar condilions. Howeaver, this raquires
atmospheric carrection algerthms akang with associaled atmospharic dala, which are difficult
to collect (Cantya et al. 2004). Thus, an appropriate value was desided on for each image on
the basis of & vigual inlerpratation of the false colour composite image, In this application, a
threshold value was detarminad by examining tho data values for Toeded and non-flcoded
areas. For each imaga the axact ON value was conlirmed by comparison with an
approximation relakonship of the KPF flood inundation developed by Forests NSW on tha
basis of a reconnaissance survey following Moding rom high lows in the Mumay, A

a2 Fgomgriir Famigoola Forast Fliood Enfiamcemend Prpipe! - Hydraeho Modaling: The Laamg Aoy

.'.! ‘

| .=_'f

-

,i
L]

:

3

LT

{
Yy

sensitivity analysis was also performed on three images for 10081 (DN 30, 31 and 32,
2R/ [(DOMN: 24 and 25) and 41000 (DN: 24, 35 and 36). The Inundation area
carresponding to each image was lhus estimatad from the rematé sensing analysfs

{Tahle 6).

Forests MSYW fiald s1aff conducted a reconnaissance surveys during historical finod
sardittons in the KPF. Following flooding in the KPF, field staff surveyed representative
areas for all vegetalion typas in difflerent pans of the forest by boat. Visual agsessment of the
percentane flobded area was then applied o the complata forest for each vegetstion type 1o
estimate the extent of loading of the whole ferest. Tha Rald stalf established a relationship
betwean flood nundation of the KPF and the 30-day minimum flew in the Murmay prior to the
date when the raconnaissance survey was conducted {SGary Millar, Forests NSW staff, pers.

COMIM. ).

Unfortunately, the dates of the reconnaissance survay ars not available. Therefore, tha
inundation area estimales obtained from the remote sensing analysis need to ke companed
with the recennaissance data in Ik same format (ie. 30-day minisum flow in the Mumay
prior to the image dake; Figure 18). Comparison betwaan the two datasels lor the 30-ay
minimum flow in the Murray is meaningful for high Aow values and inundation areas in
axcess of about 15%, This is bacause for low flows a significant proportion of the flow leaves
tha KEE via runners, and this is not captured well when inundation areas are ralaled to 30-
day minimum flow information in the Mumay. Good agreemant betwaen the two dalasets for
inundation areas in excess of 15% indicates that the remote sensing data can ba used for
further comparson with the resulls of hyqral:ullc_mudeli|ng (Secion B). The resulls of the
remole sensing analysis provide a good indication of the overall flooding pattems in tha KPF
but need not be treated as an absolute reprasantation of loading in specific pans of the KPF.
Flood inundation maps prapared from the results of tha remote sensing analysis are given in
Fegure 20,
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simulation imes lor implementation of the MIKE FLOOD model would be very long (=30
day=). It was censidered mandatory 1o begin simulatiens with simple model forms using
MIKE 11 {quasi-Z20) and to then conduct targeted simulations using MIKE 21 (2D} and MIKE
FLOOD {combined 10 flow in the nunners and 20 Row in the floodplain).

6.2.1. Stage 1—quasi-2D flieodplain modelling using coarse MIKE 11

A coarse quasi-20 MIKE 11 floedplain model was set up for the KPF (Figure 25). This type of
modelling inveives 1D simulation of the watar surface profiles using wide cross-sections
aligned perpandicularly o the diraction of Aow for reprasantation of the oadplaln geometry
In MIKE 11. Simulatad water levols gt 8 given mslance of time are draped pvar the DEM o
produce inundation maps of the floodplam. In this approach a 10 representation is Imposed
on essentiaily a 20 process; therefore, this approach requires & prart information on the flow
path and flow direction across the fioodplain. In the casa of KPF, the runners mepped across
lhe floodplain are discontinucus and cannot be used direclly for rapresenting the flow paths,
Therefore, spatial analysis techmques were required o predict drainage pattems across Lhe
KPF floodplain.

The earllast and simplest method for specifying flow directions is to assign flow from each
pixel o one of itz eight neighbours, either adjacart or diagonally, in the direction wilh the
steepest downward slapa. This melhad, designated D& (3 low directions), was introduced by
CrCallaghan and Mark {1984} and bas been widaly used {Marks et al. 1984; Band 1986
Jerngon and Domingue 19588; Mark 1988 Momz and Heerdegen 1988; Tarboton at al. 1388;
Tarkoton 198¢: Janson 1991, Marlz and Garbrecht 1992). In the conlext of a grid, the
upslope area is the area contibuting o each pixel and may be esimated as the product of
the number of pixels draining through each pixel and tha pixel arga, The 02 approach has
disadvantages arising from the discretisaliaon of flow into anly one of aight possible directions,
saparated by 45° (e.g.. Fairield and Leymarie, 1931; Quinn ¢t al., 19931: Costa-Cabral and
Burgas. 1994} Tarpoton (1997} proposed robust, pracise and useful multiple flow path
algorithms, called the D~ method, ko minimise dispersion and aveid grd hias in datermining
the upstream contributing area. The D= method was unsuccessful when |t was applied to the
KPF floodplain DEM at 1-, 2- and 5-m resolutions owing to mernory overflow in the recursive
algorithms of the area accumulation procedure. Flow direction and flow accumulation
algorithms using the DB method wera then used with the 1 m DEM to delineate the runners
and the upslope contribution areas (Figure 25). The runners obtained from the D& melhod
matchad very well with the spatial pattems of the mapped runners. Additionally. they
enhanced the discontinuovs drainage patierns of the mapped runnars.

The coarse guasi-2D MIKE 11 selup includes a total of five runners and eight inlet runners,
covering a gombined reach length of about 82 415 m (Table A}, A otal of 100 geo-refarancead
cross-seclions were used, wilh an average reach length of 824 m, These cross-seclions
were alignad perpendiculary 1o the runnars delineated by the D& method. Link channals
were provided between Runner 1 and all other runners to include Ihe effects of Aux ransfar
betwean the runners in aither diraction. Flood hydrographs for the 1991, 1993, 2000 and
2003 events at each KPF inlet were used as the spacified flux (inflow) boundary conditions
(see Figure 24). At lha downstream end of Runners 1 and 4, a system-dependant boundary
condilion was used by specifying the rating curve, and the modal astimates flux (outfow)
depanding on the dynamic water levels.
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Tabla 4. Netwark delalle of the quasi-2D MIKE 11 model of the KPF foadpain (see Figura 25 for
layoul of tha runners and the cross-sections)

.| Ho.of | Kessh ength {mp Upcraam comnaction ! o AT £ g
arctions
Mamen Dis@nca{m) | Harme Drextare-a [m]
Rounner 1 | a7 43 40 .
" BT & 4 £ 1 Funnar 1

Aunngr 4 =¥l Fynrsr 1 M 08F
Runangr & K| AT :
Runner 5 4 Skl ' R 1 45535 |
Swan-un 7 vas | pATay 0 139 Rner 1 o ;
Swan-dy ' 78 My oy 245 Powgs © p |
Horsa Shos 8 1) Mumay 1113 D43 Fureer 2 | b __'
D River 1 | r??ﬁ- (TR 178 531 Aurner 2 . 1
Black Gxta 7 1502 Whurmy 120 B4 Rurner 2 acis
Penny Royal T 1§56 Mumay 1249 857 Rurner 1 14 B751
Upper Thuka 7 1084 Murmny 147 4o Rurner 1 19571
Lawwrer Thulk T 1845 Whaitay 1737 | Ruredrd HEE

‘Link charrml wih Burngr 1 inchaded . prnadireg [or Bak manster in ether direction.

MIKE 11 alkews for surace infittration thegugh the cross-sestion specilic leakaga facter
parameter, expressed in unils par seognd. [nitial modal simwlatens were done with ng
surface infiltration and a Manning's roughness coeflicient af [.05 for ail the flocd plain cross-
seclions, Water levels simolaled at different times within each historcal ficod evenl were
graped gwar the BEM at 10 ma resolution. All historical fiood avents were simulated and
inundation area stalistics prepared from output grids. of the water depth. A scatter deagram of
flow versus inundation area was developed from the quasi-2D MIKE 11 outputs and was
compared wilh the resulls of the remote sensing analysis (Figure 2fa). Tha results indicated
that for na leakage 2nd 2 Manning's n vatue of .05, MIKE 11 overeslimates the inundation
area relative to those from the remate sensing sludy up to 45 000 MLiday, it significanty
underestimatles the inundatien area lor higher Now values.

The depih of flooding in the KPF fiocdplain tends (o vary between 0 and 2 m {Lindsay
Johngon, pers. o). The vadalion in the lsakage factor with depth of floeding for surface
infiltralion rates of 18, 20 and 25 mmiday is shown in Figure 260. Assuming an average
depth of inuadation acrass the KPF floodplain in the range 0.2 1o 0.4 m, the plausible range
of the leakage faclor i3 likely to vary between 50 % 107 57 and 1.0 # 105 5", Therefare, 2
sensitivity analysis was conducted to analyse the impact of surface infilration rate on the
pattemn and extenl of Aoodpain inundalion; the leakage factsr was varied i the range O to
1.0x 10" 57, The resutts show a reduction in the simutaled inundation area of up to 15% 35
the leakage factor increased from 0 1o 1.0« 10* 57" (Figure 26c). This is because an
increase in the leakage factar resulls in less water being availabla foe the overdand low. The
comesponding reduclion in autflaw volume from the KPF can be substantial {up o 50%). The
area weightad average valoe of Ine infilration rate (with a 1 m hydraulic head) and saturated
thg hydraul conductivity of the KPF floodplain are 25 and 22.2 mmdday, respectivaly (soe
Tatde 2). Therafora, for an area weighted depth of about 0.3m, a leakage factor in Ihe range
6% 407 57" to 8 % 107 57" iz vary likely for tha KPF {Figura 265).
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than or egqual to G.4m. The area wamghled average deplh of water acrass the KPF floedplain,
ang ils vaniation with time, were obtainad from the deplh—inundaticon area surves {(Figure 314,
The area weighted depths of water equal 1 0.141, 0188, 0.215 and 0.36 m correspandad to
2004, 3000, 5080 and 6000 Mi/day flow under stcady slate conditions.

Partivoned water balance components for the KPF are shown in Figure 32, The MIKE
FLOOD model does not provida partitoned waler balance companents in the lisl of oplians
for cutputs. Therafare, these need 10 be ohlained implicitly by using spatictem poral fluxes
such as inflow, outflow, potenbat evaparation, inundation depth and area. Inflow to the KPF is
¥rngwmn from the imposed boundary condilion. MIKE FLOOD modal simulaticns provide
outfiow from tha model domain for both af the component models, ie. MIKE 21 as well as
MIKE 11. Using the daily potenhial avaporation data in Figure 11 {pink line) and the simulated
inundation area for each historical and futura scenario in Figure 31, an evaporation volume
£an be obtained. To estimata the amount of ponded water, a depth versus inundation area
curve was hrst prepared in ARG GIS at a depthinterval of 10c¢m {Figure 31, battom righl)- An
ares weighted average depth for each day was chlained for oach scenano. Multiplying the
ared weighted depth by the respective inundation arga gives a daily trace of the ponded
wilume, The cumulstive infiltration yvoiume can thus be estimated as inflow minus outflow
minus evaporalion minus ponded volume. Please nole that the depih versus inundation area
curve inwolves numencal approximaticn &t 10cm intervals and thal the standard daviation of
the depth is high {see Figure 35). If this analysis were done at a very fine depth interval, then
the ponded voluma would increasa a little more gradually (red lino in Eigure 32);
cansequently, the infiltration volume would keep increasing lineary until Ihe steady state was
reached, instead of tapering off. However, this transitional inconsistency does not affect the
averall final estimate of return Mow, Because the yolume of inflow mings cotllow mMinus
avaporalion is fixed.

Cumulative fluxes for each scenano are shown in Figura 32, In the case of the 2000 MLday
and 3000 MLfday scenarios, the volume of ponded water is much emaller than the infitration
vodume; Inerefora, the ecological obiechives are uniikaly Lo ba met with these diversion Mows,
In the case of the G000 ML'day diversion fiow the volume of pondad water is graater than the
imfillration voluma. In the case of the 5000 MUday diversion Row they are broadly similar in
magnitude. Note that the 45-day simulation pariod used in the scanando madelling kom 15
June ta 30 July corresponds 0 Iow potential evaporative demand (see Figures 11 and 321
Howewer, if environmental watering were dong during a differant period, then the inundation
arcas, as wall as the waler balance components, would be difigrent, In general, an increass
in potential evaporation will likely reduce the inundation area, depth of water and infitration
w0l g

The voluma of water infiltrating the soil surface weuld be further apportioned inty Ihree
components: soil meisture storage, groundwaler recharge and lateral throwgh Mow.
Breakdown of the infiltration volume into these componenls is not possibla without tha usa of
an unsaturated zong eco-hydrological model. However, recharga to groundwatar from the
KPF flacdplain is likely to be vary small {Evans and Barnett 2007}, Therefara, the bulk of the
infiltration vafume will likely be stored as soil modisture storage and water in axcess of soil
maisturg storage would leave the KPF as lateral through few and groundwater racharga. Soil
moisture Storage would in tum be available for evapotranspiration and help masl tha
ecalogical objectves.

Likely return flows from the KPF outflow boundaries under Ihe histoncal and likely future
conditions from all simulaticns are shown in Table 10. The results show that return Bows
rom enhanced fooding in the KPF are likely to vary in the rangg 65% 1o 84%. MIKE FLOOD
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simulations for diversion flows of 2000, 3000, 5000 and 6000 MLUAday show retum flows in
the range 69% to ¥5%. Flood evenls for 1991 and 1933 extend over 76 days and 139 days,
respectively, whereas the MIKE FLOOD simulations far scenano modelling extend over 45
days only, Therefore, the returm flows from environmental flooding are likely to increase from
aboul 70% for short-duration fleoding ower 40 10 50 days 1o about 84% v flooding durations
al abaul 100 to 120 days,

Table 10, Predicted return lows Tfrom enhanced Maoding In the KPF

Ciuecy 261 MERE 11 MIKE 21 MIFKE FLODD

Hixstorcal = 1591 cvent GE i B4
Hiater|cal — 1933 svirnt 657 Bi% ik
Histor|cat — X svent Ei%y FEL

Futwes — 2000 MLIday Tt
F g — HHM) ML day L]
F e = BeHM) WL dagr i
Fubure — B0 WL/ day %

MIKE FLSOD implementaion includss the effacts of mnner and floodplain dynamics and
allows for Aow exchangs hetwaen the anners and the flaodglain, The magnitude of Row
exchange can be assassed from lhe plots showing variation of flegwhneremental Aow along
the length of the runners for different scenarios (Figure 33). The runner reach tengths where
low increases indicates contribution from tha fleadplain to the runners; flow exchange is in
tha cpposite dirgction when flow in the ranner decreases, VYartation of flow in Runners 7 and
6 indicatas that there are reachas of significant length in Runners 1 and & that can carry up
to 5000 MLU'day, and it is this conveyance that results in tha lower inundation area estimates
from MIKE FLOOD as opposed to MIKE 21. The range of variation in Row in the runners is
alzn showwn in a schematic [Figura 24 for the 2000 MUday and 6000 MLday scenarios.

Average water depth and the standard daviation of water depth over each vegetation specias
are shown in Figura 35. The average water depths estimated for 01, 302, S0Q3, Box, Red
GumiBox and open plaing and swamps for 6000 MU'day are 0,214, 0.15, 0.06, 0.044, D118
and 0.2 m, respectivaly. The high standard devialion {up to 038 m) indicates the high
varability in water depth across Iha KPF floodplain.,
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Filgurs 35, Average water depth and standard devlation of water dapth across the vegetation
spachs in thea KPE
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7 Flood inundation process and linkage of the
hydraulic and hydrological models

71 HYSTERETIC FLOOD INUNDATION PROCESS

The MIXKE FLOQD and MIKE 21 simulations of the historical evants of 1991, 1993 and 2000
show a hysteretic Mfoodplain inundation responss {Figure 36). The historical Aceding events
in 1999 and 1993 consist of @ single peak hydrograph, whargas the event in 2000 congists of
mulipla peaks {Figure 363, b). In all cases, the inundation arga versys flow relationzhip
consisle of wo limbs that represent the wetling and drying phases of Ihe KPF floadplzain
{Figure 36c, d]. The wetting and drying limbs of tha inundation response curves are
congishenl for all hrstorical aveants.

Tha hyslerelic inundation responsa can be conceptualised as in Figure 36e. The equilibrivm
inpngdation area at a given flow in tha Mumay is greater in the drying phasa than in the
wetling phase becauss &f Jynamic storage within the KPF. As flew in the Murray increases
along the rising limb of the hydrograph, the inundation responze follows the primary wetting
curve {lower bound in Figure 36&). When the hydrograph recedes from a maximum Aow
value in the Murray {say 100 000 MLU/day) Ihal covld potentially inundate the rmaximum
Noodplzin araa of the KPF, the inundation resganse curve follows the primary drying curve
fupper bound in Figure 36e). The primary wettng and drying curves define the bounds of the
KPF inungdation response o flew conditions in the Mumay, and all flooding in the KPF under a
variety of hydrologreal conditions will be bound wilhin these bwa extremes.

A number of secondary wetting and secondary drylng curves are possible, depending on
the magnitude and distnbution of muliple peaks of e Nydrograph (datted |ines in Figure
36e). As an axample, congider the inundation response of the 2000 flooding event simulated
by MIKE 21 and camesponding 10 the firzt peak with a masimum flow of 30 000 ML/day
(M21—-2000a, Figure 36c) and Iha second peak with a maximum Row value of 45 000 MLUday
M2 1—20008, Figure 36¢). Ac flow in the Murfay indreases ba 30 000 MLiday {20 Septamber},
the simulaled inundation area increases to 12% atong ke primary wetting curva. Flow in Ihe
Murray then drops to about 22 Q00 MU day {29 September) but the inundstion area increases
to abouyt 21%. The Now incraases futhar 1o 28 D00 MUday (3 October) and then drops to

14 D00 B LSay (23 October), and a corrasponding reduection in inendalion srea from 29% 10
23% ncours along the secondary drpng curva. Therealer, the curve of the ingndation
respongs to the second peak of the 2000 hydregraph follows a similar inundatjon response
patiam atong lhe primary waetting and drying curves 23 simulatad lor the 1981 and 1993 Nood
events (Mt —-2000b, Figure 36c).

The hystergtic inundation responss of the KFF can be expressod in a simplified parametnc
formn degcribed by equation 6,

A —-A
A — (<,
42" [rtate, - o T ©
p e

where, A = {inundation areaitolal araa) (mSm?}, Q = flow (MLiday). Q, = upper bound of th
KPF inflow [MUiday), A, = residual inundation area fraction (mfm*}, A, = saturated inundation
area fraction (m/m?}, o, n and m are the emprical paramelers affecting the shaps of the
inundation response cunve, and = 71— ¥/n.
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If inflow to and oulllew from the hydralogical systam arg kncon, then the mode! deserbed by
equation (] or its allamative modal famis can be easily calibrated for the parameters K and
7 . In the case of KPF, inflow & and outfiow from the KPE are unkrgwn, and therefore

informatinn from hydradlic models naads to be used in the hydolegical model. The flow
duralicn curves at Temumbamy Wair and Barham provida Ihe information on total diversion
flow from the Murray to the Gunbower ard KPF [sea Figure 14), The results from Table ¥
pravida information on partiboning between the KPF and Gunbower for historical conditions.
The time series or these hislorical events from the MIKE 11 model of the Murray can be
used to davelop empirical relalionships for the inflow into each lorest. Retum flows and
partitioning of the water balance components for the historical and likely future conditions can
be used as calibration datagats for incorporating the effecls of enhanced fiooding of The KPF
ins the MDEC's hyd redogical model for the Murray.

The storage—outflow relationship described by aguation B was developed for the KPF by
usiteg the waler balance compenants for each diversion flow scenario from tha Terumbarry
Curing (Figure 37a}. The slorage—outflow data in Figure 37a show that for each case of
diversion Row from Ihe Tomumbamy Cutting (2000 %o 6000 MUiday), 3 thresheld storaga S;
must be reached before outflow from the KPF commences, The plot also shows Ihat once
outflow commencas the storage—outfiow ralationship is linear. Tharefare, the following
infarmation is raquired for incorperating KPF results into the hydrolagical model; 2
relatisnship batween threshold storage Se versus diversion flow from the Torrumbarry
Cutting, and the time constanl of slope X of the storage—outflow data.

The threshold residual storage 5 for the KFF comesponding to a given diversion flow from
the Torumbary Cutting can be estimated from the linear regnession eguation with a slope of
4 282 and an intercept of 14 884 (Figure 37b). Using the residual threshold estimate Sq from
the equation in Figura 37b, regrassion equations lor the diversion flow scenarios of 2000,
3000, 5000 and SO0 ML/day flow were developed (Figure 37c). The tima constant K in the
range 3,48 o 5.7 day™, is recommeanded for the KPF storaga-autfiow relationship. The R
values lor the regression equations vary batwean Q.77 and 0,58 {soe the table in Figure 37
for detils of the regression equations);, therefore, the linear models develaped can be
confidently used in the hydrological madel ol the Muray, Finally, information on the
evaporation losses ¢an be obtained by using parametnic fome f the inundation respanse
model described by equation (6] ﬂ"ldlﬂ"e appropriate inundalign response model parameters
comespanding Lo Ihe wetting and drying phases of the KPF (Table 113,
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8 Conclusions

Koondrook—Parmicoota Forest is in the NSW par of the Ramsar listad Gunbower=Pemicoota
Forest and covers about 33 750 ha aleng tha Muray River, The natural frequency of looding
for 3 1o & months at a time in the KPF has dadreasad rom once every 4 yaars (o ance avery
10 to 12 yaars owing o regulation of the River Murray and increasing demand for water
supply. Within the TLM and the TLM EWMP, it is propoesed to construct a channel, called the
Terrumbarry Cuiting. in the KPF to allow water irom Tarrumbarry Waeir 19 take its natural
course threugh the forest, eventually returning Ihe waler to the Murray and its ibutary
VWakool.

This report describes the develepment and implementation af lhe MIKE suile of hydraulic
modals for the KFF, As far as the authors are aware, Lhis is ane of the most comprahansive
and bigoest hydraulic modelling studies in Austrahia 1o date. It is also the first study in
Australia to propose a hysteretic inurdation responsa of the Murray Noodplain to variations in
fipw in the Mumay during flooding evenls. A range of histodcal and likely future condilions for
flew divarsion from the Tormumbany Culting were assassed to explore whether the ecological
targel of 30% inwndation of the KPF ¢an be achieved. Additiona! issues discussed in the
report include the design capadily of the Tormrumbarry Cutting, partitioning of fliow from the
Murray into the adjoining KPF and Gunbower Forest; spatial inundation pattems and depth,
partitioning of tha water balznes, and likely retum Rows from anhancad flooding of Ihe KPF.
An inundation response model has bean devaloped and the relationships for coupling the
results of the KPF hydraufic model inla tha MDBC hydrological model have bean danved.

Tha hydraulic madel for the KPF was daveloped by using the DEM at 1 m grid cell resolulion
abiained from Lhe LIDAR survey conducted as part of the Hume—Eusten Projact (MOBC
2005). The avarage elavations aleng the width of the forest kowards the eastern and westem
boundaries are 84.7 m and 76.56 m, respeclively, and the overall relief is about 8.14 m {see
Figure 3). The general flow direction in the KEF is noh-west, and the slope of tha KPF
varias from 1 in 4613 towards the eastern boundary to 1 in 7310 towards lhe western
boundary.

Tha vegetation spacies map delineatas tha main spacies in the KPF as Box, Bow/Red Gum,
Red Gum 501 (high preductivity}, Red Gum 502 (low produclivity), Red Gum 503 flow
productivity), Open Plains or Swamp (Figure 8). In general, the vegetation species map
indicates the degrea of wetness in the KPF, with more frequent wetting of the areas under
SQ1 {downstream end) and least watting under Box vegetation (upstream andh,

Extensive sails invastigations, including 2ail survey and surface infiltration experimants, wera
dona in the KPF to support the hydraulic modelling wark. Typically, the majority of the sails
have @ medium o heavy clay layer within the top 30cm of the profile. KPE snils were
classified into six major soil hydralogical graupings that reflect tha relative infiltration rates of
the most representalive imparmeable near-surface horizen (see Figure 7). Spatially
distibuted swface infillralion ratas under positive hydraulic head were ysed in the hydraulic
modelling (see Table 2). An area waighted inftitration rate of 25 mmiday was eslimated
across the entira KPF flapdplain, which includes areas that may or may not be inundated.
Infiltration rate varies in he range 5 to 20 mmiday across the bulk of the areas likely to be
inundated under enhanced Mogding conditions.

Floodplain inundation mapping was develaped from a hard copy of tha inundalion maps and
the pravailing vegatation paitems prepared [rorm the aena! survey on 7 Augusl 1946 by the
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RAAT . Additional dala used for producing the final inundatien map inctuded aerial photos
from two sources at 1:50 Q00 and 1:15 000 scales, as wall as from LIDAR data and SPOT
imagery, This flood svent comesponds to 55 000 MUL'day flow in the Murray and forms a
usefyl dataset. A tolal mapped inundalion area equal ta 73% of the KPF was estimaled for
the 1946 flleod event (see Figura 30).

Remaole sensing analysis of the KPF fleadplain inundatian was conducted using 12 imadges
from the Landsat saledlite for the Nood events in 1981, 1993 and 2000 try the methodology of
Shaikh et at. (2001, 1998). Density slicing, an image enhancement technigque, was used o
delineate spatial pattemns of the inundation areas inthe KPF. A DM threshald was used 1o
produece a new image in which the pixels have a binary representalion of wal and dry areas.
A sensitivity amatysis of the DN threshold was also eondurcted on three images to evaluale
lhe impact of assurmetions in the melhed on the ovarsll inundation pattams in the KPF, The
results of the inundation area eslimates from lhe remote sensing analysis were found 1o
surnpare wall with tha inundation infernation produced by Forests NSW iram 3
reconnaissance survay durdng kistorcal flood conditions in the KPF- i.a. H)-day minimum
flow i the Murray versus percantage inundation area {see Figure 10, Tabla 6},

Waler availability analysis was dona lo explore the apportunity for diverting a range of
discharges intg tha Tarumbarry Cutling. A carmying capacity of the Tarumbarry Cutting in
the range 4000 to 7000 MLUday could potentially achieve the desired ecological outcomes,
Qn the basis of hydraulic efficiency, a design discharge capacity of 5000 to 6000 MUday
wiuld appear reasonabla for the Torrumbarry Cutting. The effectivennss of diffarant
diversion flow swenarios from the Torumbarry Culting (2000, 30006, S000 and 5000 MLfday)
ta achieve tha ecological abjectivas was assessed later from hydraulic modelling.

Malurai bow diversion from the Murray into the KPF and Gunbowsr Forest commences at
abxut 17 000 MUtday, and flow diversions increase substantially with an increase in few in
the Murray from 20 000 lo 65 000 MUday. When lhe obsarved flow downstream of
Tormumbarry Weir is 20 000, 34 000, 40 003, 50 000 and 65 030 MLday, the proporion of
combined flow naturally diverted 10 Ihe Gunbower and Koond raok—Perrisoola Foresls is 0%,
14%, 30%, 41% and £6%, respectively. A MIKE 11 model was set up for the Murray between
Tomumbarry Wair and Barham to partdion flows batween the two forasts on either side of the
Murray. Very good madel ¢alibrations were achievad for the historical Mood eveats of 1991,
1993, 2000 and 2003 (ses Figure 23). For a given flood avent, flow diversions between the
KPF and Gunbower are broadly comparable, Simukated combined inflow frem all inlets of the
KPF for each of tha Nood events in 1991, 1992 and 2000 are much mars (han tha valurme of
water in the ranga 4000 lo 6000 MLiday planned for diversion into the KPFE from the
Torrumbarry Cutting (see Figurs 24). Inflow hydrographs for each inlet, obtained from MIKE
11 madelling of the Murray, were used for hydraulic modalling of the KPF floodplain.

Tha KPF flacdplain modeliing was performad in three stages, mewving progressively from
simple to more complex forms. Knowladga of the KPF Mood inundalicn processes was
improvad in each stage Lo batter larmulate more complex model forms. The primary reason
for the choise of a staged appraach was 15 actount for the scala of the hydraulic modedling
problam, The preblem size is huge and involves significant numerical overheads. On the
hasgis of pratotype hanchmarking, it was estimalad that the simutation times for
implemenlation of the MIKE FLOOD model wouskd be vary [ong {30 days). It was considarad
mandatory to commenca simulations with smple model formes using MIKE 11 (Stage 1:
guasi-20) and then conducl targeted simulations using MIKE 21 {Stage 2: 2D} and MIKE
FLOOD {Stage 3: combingd 10 flaw in the runners and 20 flow in the Noodplain).
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An inundation response relalienship compnsing flow inthe Muray versus percentage
inundalion area was developad, and the results Iram MIKE 11 wene compared wilh those
fram the remobe sensing study. The resulls showed a good matech with those rgm the cemala
sensing study up to about 35 000 MLUday. Thersafler, tha results drifted apart, and Iower
aslimates of the inundation arga wara obtained from the model ratalive to those from the
ramate sensing study.

The MIKE 21 modal et up for the KPF involves marked numerical overheads and the
following considarations: spatial and temperal resolulion of he modal, memary requirements
and processor spaad, and the Courant criterion, On the basis of thase considerations, MIKE
21 simulations were performed al 40 m grid call rasolution and 10 & ime staps. Although the
40 m grid scale is considarably coarser than that of lhe available DEM data, it still pushes the
model computations 40 imits while keeping simolation times within a practical range (5 to 15
days).

The results of tha MIKE 21 simulations closely malched those of the ramote sensing analysis
and quasi-2D MIKE 11 up to about 28 000 ML/day (sas Figure 27). Thareafter, MIKE 21
gave significanily higher inundalion argas than those from quasi-2D MIKE 11, The remote
sansing study estimated an inundalion area of about 69% o 23 September 1993,
ramesponding to a 56 970 MLUday tow in the Mummay. Also, an inundation area of about 73%
was mapped lor the 1946 flood, camesponding to flow in the Murray of aboul 55 000 MLiday.
The inundation area estimated for the 1593 evant Irem the remole sansing analysis matches
very woll with the simulated inendation araas from MIKE 21 and compares well with the
mapped inundalion area for the 1846 llood event.

The MIKE FLOOD medeal was devetoped io address the issues relating to under
representalion of the runner convayance in MIKE 21 and to analyse the threshold at which
the inundation dynamics shift fram unner dominated behaviour to floodplain behaviour, The
MIKE 21 model used in MIKE FLOOD was the same a3 thal developed at 40 m recolulion in
Stage 2. A comprehensive MIKE 11 model was devaloped in Stage 3 at 3 fine resalution 1o
capture inundatien dynamics and flow exchange between the runnars and the floodpain.
Simulation tmeas with MIKE FLOOD were up 10 504 days on an [ntek® Dual Cora™ PO wilh

2 13-GHz processor speed and 3.25-GB RAM.

The inundation area versus Mow relalionship simulated by MIKE FLOOD showed substantial
reductions in the inundation area estimales compared with thosa from MIKE 21 (see Figure
28}. Tha MIKE FLOOD simulalions for the 1891 and 1883 avents showed a reduction of
about 179 and 12.3%. respectivaly, in tha respective maximum inundation areas of 54.8%
and 6%.3% sirrulated by MIKE 21, Additionally, tha MIKE 21 simulations showerd signifcant
differences in the flow varsus inundation area relationship at around a 28 000 MLU/day
threshold, indicating a shift fram a runner dominated 10 process to a 20 Aocdplain
inurdation process, In conlrast, the MIKE FLOOD simulations showed that the shifl from =
1D to a 20 inundation process beging around & threshald of aboul 28 000 MLiday and
increased gradually up to 26 000 ML/day, after which the process was largely 20. Since the
responses of ali natural systems are generally highly damped because of large difarences in
storage relative ko inflow and outflow, the gradual transilion in the inundation area simulated
by MIKE FLODD appears more realishc,

Comparison of the spalial inundation pattarns Irem remote sensing and MIKE FLOKOD
showed good agreemanl. However, during high flows {in gxcess of 50 D00 MLMday), the
inundation areas predicted by remala sansing aast of the Thule cutlat towards the nothem
boundary did not compare well wilh those from BMIKE FLOOD. Two possible reasons for the
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differences in inundation pattamns towards the norherm Beundary east af the Thule outfige
were identified, Firstly, some inflow into the KPF is seurced fram the northeast, and this is
not included in the MIKE FLOOD model wherein all walar is sourced from the KPF inlets
adjcining the Mumay. A close look al the resulls from remote sensing for areas north and
nartheast of the KPF confimed this possibility. Secondly, the large amounts of debris from
doad trees during high flow evenls ¢onstrain low in the runners; therefore, the inundation
process is biased lowards 20 floodplain inundation, as representad in MIKE 21

On the basis of the results from the MIKE 11, MIKE 21 and MIKE FLOOD models, it was
concluded that up 1o tows of about 28 000 MLfday, all thres hydraulic models provide similar
astimates of the inundation area in tha range 0% to 10%. As low increases further, the
results from the medels lend to differ. Quasi-20 MIKE 11 substanlially underestimates the
inundation areas in companson with MIKE 21, MIKE FLOOD and the remote sensing
analysis. MIKE 21, un the other hand, overestimales the inundation area owing to lack of
representation of the conveyance of tha ranners when the madal is implementad at 40 m
resoliution {because of computational ovarheads Ihis was the grid call resolution adopted}.
Up to 45 000 ML/day flow and 45% inundation araa, MIKE FLOCD provides battar eslimates
of the inundation 3rea and patterns by suitably accounting for convayance of tha unners and
transiticn from a 10 runner dominated flow process o a 20 floodelain process. Thereafter,
high flows up to 7O 000 MLUday can potentially involve constrainls in the runnors because of
tha offact of dabris and possible flocd Aows from areas northeast of the KFF boundary, these
high fows are batter simulated by MIKE 21.

MIKE FLOOD simulations were done for four scenarios with inflow boundary conditions of
2000, 3000, 5000 and 5000 MUday for 45 days at the downstream end of the Torrumbarry
Cutting. The inundation areas in the KPF, simulated under steady stale condibons for Now
diversions of 2000, 3000, 5000 and £000 MLfJay from tha Tomumbarry Culting for 45 days,
werg 12%, 17%, 28% and 32%, respectivaly. The variation in the inundation area with time
shows that the steady stale is reached in abtul 3 weeks afler the commeancement of fow
diversion via the Tomumbamy Cutting (Figure 31). I was shown that the 1991 historical
event, with a peak flow of 43 000 MLday, is closa 1 the diversion Mow of 6000 MUIday from
the Tormumbarry Culting. The simulated inundation area of 37.B% for the 1981 event from
MIKE FLOOD compargs well with the 32% inundation area estimated for tha 6000 MLUiday
diversion flow from the Tomumbarry Cubling.

Area weightad water depihs equal t0 0.141, 0,188, 0.315 and 0.36 m ware obtained,
camesponding respectivaly to 2000, 3000, 5000 and 6000 ML/day flows under steady state
sonditions. Yaration in the water balance compaenents with tirme was obtained lor each
seenarie, and the volume of waler in ponding, avagoralion l¢ss, surfaca inliliration and return
o wass estimated (see Figure 32). In the case of the 2000 MU' ay and 3000 MUday
scanarics, the volume of water in gonding was much smalter than the infiltration volume;
thesefora, the ecological objectives are unlikely to be met with these diversion lows. In the
case of BOO0 MUday diversion flow, Ihe volume of pended waler was greater than tha
infiltralion volume. The two were Broadly similar in magnituda in the case of 5000 MU/'day
diversion flow. The 45-day simulation period used in the scenaria modalling from 15 June Lo
30 July cormasponds to low palentsal evaporative demand (sse Figures 11 and 327, However,
if envirgnmental watering were deng dunng a differant paried, then the inundation areas as
well a3 tha water balancg ¢companents would be differant, in general, an ingegagse in potential
evaporation would be likely to reduce tha inundation area, depth of water and infiltration
wolume.
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The results showed that retum flows from enhanced Nooding in the KPF are likely o vany in
the range 659 to 8446 (see Table 10}, MIKE FLOOD simulations for draersion flows of 2000,
3000, 5000 and B0 MU'day showad relurn fows in the range 63% 1o 75%, The flood
avents in 19%1 and 1953 sxtendad over 76 days and 139 days, respecively, whereas the
MIKE FLOOD simulations far scenaro modelling extended over 45 days only. Therelore,
relurn Miows from anvironmental flooding are ikely to ngrease rom aboul 70% for short
duration fleoding over 40 to 30 days to about B4% for looding duralions of aboul 100 (o 120

days.

The average watar depth estimated for S0, 302, 303, Box, Rad GumBox, and open
plains and swamps at 5000 MU'day were 0.214, 015, 0.06, 0044, 0118 and 0.2 m,
respectively {see Figure 35). The high standard deviatien (up to 0.36m) indicated high
varakility in waler dapth across lhe KPF flaodplain.

Finally, the results liom complex hydrauwlic modalling of the KPF were synthegised into
simple and practical toels for use by environmontal watcr managers and to help implement
basin acale hydrological models (e.g. the MDBEC model for the Mumay), thus incorparating
the affects of environmantal flow diversions within the TLM Initiative, A storaqe-outfiow
relationship was developed for the KPF for uge in the hydralogical model (see equation 8 and
Figura 37). The resulls show Lhat, for the purposes of lumped hydrotogical modelling, the
KPF storage can ba approximated as a linear reservoir with a tima constant K of about 3.5 o
3.7 day " and a threshold storage dependent on flow in the Murray, as defined by 3
talibrated linear form (see Figure 370

A hysterelic inundation respense model comprising flow in the Murray versus percantaga
inundation area was proposad for the KPF, and the acevracy of the calibrated parametric
lorm of the response model was about 89% (=ee Figure 36 and equation 8, The proposed
inundztion response model consists of primary wetting and drying curves Ihat define the
lower and upper bounds of the wetland inundalion; all possible wetland inundation progessas
dependent on hydrolegical condilions in tha Murray can be definad by the secondary watting
and drying curves. We betigve that Iha parametric form is robust and applicable to 3 Ny
wetland (espocialy the Muray wetlands). If developed further and exterded ta other areas,
this model can greally help water managers Lo 835255 the ecclogical benefits from the
environmenial watering of watlands.

Hoondrook Parnooats Forast Flaod Enhamcamast Erowect - Hydraohic Modiiling: Thir Livng Murray T3



9 References

Abbott, M.B. 1975, Computational Hydraulics — Elemenis of the Thaory of Free Suface
Flows. Fitman, London.

Abbott M.B,, MoCowan A and Warren LR, 1981, Mumerical Modelling of Free-Surface Flows
that are two-dimensional in Plzn. In H.B. Fischer (Editor), Proceedings of a Sympoesium

on Predictive Ability of Trangport Modals for Inland and Coastal Waters, Mew Yaork,
Acadamic Press,

Abbotl M_B_, Damsgaand A. and Rodenhuis (5.3, 1973, A Degign System for Twe-
Dimensional Neardy-Horizorlal Flows. J, Hydr. Res_ 1, 1973,

Abbatt M.B., Bathurst J.C., Cunge JA, O'Connell P.E. and Rasmussen J, 1988, An
intreduction to the European hydrolegical system — Systéme Hydmlogique Européen

SHE, 1. History and philosophy of a physically-based distributed modellin q system. .
Hydrol. B, 45—54.

Anderson M.G. and Batas P.0, 2001. Modal Validation: Perspectives in Hydralogical
Science. J. Wiley, Chichester, New York, ISBM 0471985724

Band L.E. 1986. Topographic partition of watarsheds with digital elevation models. Water
Resour. Res, 22(1). 15-24.

Bates, P.D., and Anderson, M.G. {1933} A two-dimensional finite elament model for dver
Aood inundatien. Proc, R. Soc. Lond., Sar. A, 440, 451-497

Batas, P.O. and Andarson M.G. (1996} A preliminary invastigation of the impact of initiat
conditions on flood inundation conditions using a ime/spase distibuted sensitivity
anglysis. Calena, 26, 115134,

Bates P.D. and De Roo APl 2000. A simpla rastar-based model for floadplain inundation,
J. Hydral, 236, 54-77.

Bates, P.0., Andersen, M.G., Bair_d, L., Walling._D.E_ and Simm, D. 1992 Modelling
floodplain fiows using two-dimensionzal Bmite elerment medel. Eath Sl . Frocess.
Landf., 17, 575588,

Bates F.D., Anderson MG, E‘ric& 0., Hardy R. :;.nd. Smith, C. 1996, Analysis and
devalopment of hydraulic models for loodplain flows, In Andersom M. G.. Walling D.E.
and Bates F.D. (Eds) Floodplan Processes. John Witey and Sons. Chi chester. pp.
215-254.

Bates P.0.. Haritt M.5., Smilh .M. and M-ﬂs-l:ln:, C. {IEFQ?] intﬂgrating remote sensing
observations of figed hydrology and hydraulic modelling. Hydrol. Process, 11, 1777—
1798,

Bates P.D., Stewart M.D., Desitter A, Anderson k.G Renaud J.-P. and Smith J &, 2004,
Mumerical simulation of floodplain hydrology. Waler Pescur. Res. doi;
10,1029/ 2000WRS00102.

Td Encndrook Parmemda Foresl Flood Enhancemant Eryest - Hycdrachis Mocseling. Tha Ceang Muray

Bales PO, Matthew D.W,, Horid M5, Magson D, Holden N. and Currie A, [Z0H06). Reach
scale flopdplain inundation dynamics obseryed using airbome synthetic aperure radar
imangary: data analysis and modelling. J. Hydrol. 328, 306318,

Bernett MW.A. 1887. Rapid monitering of wetland water status using density slicing, In D,
Bruce (Editor), Proceedings of the 4th Australasian Remaote Sensing Conference,
Adelaide, 14—18 Saptembar 1987, pp. 682641,

Beven K.J. 2000. On the future of distributed modalling in hydrology, Hydrol. Process,
14{16-17). 3183-3184.

Seven K.J. 2001, On hypothesis tesling in hydrology, Hydrol. Process. 15, 16551657,
Beven K. and Frear J. 2001, & Dynamic TOPMODEL. Hydrol. Peggess. 15, 19952011,

Bevan F.J. and Binley A.M. 1982, The luture of distnbuted micktels; mode! calibration and
uncertainty prediction, Hydrol. Process. 6, 270238,

Beven K.J. and Kirkby M.J. 1879 A physically-based variable contributing area mede| of
basin hydrology. Hydrol. Sci _Bull. 24, 4358,

Binlay & M. and Beven K.J. 1983. Three dimensional modelling of hillslope hydrotogy. In
Beven K. and Moore |, (Eds) Terrain Analysis and Distributed Modelling in Hydrology.
John Wilay and Song, Chichester, pp. 107-120.

Bishop K.H., Grip H. and 'Neill A, 1990, Qrigins of acid runoff in a hillslope during storm
events. J. Hydral. 118 (1—4}), 35-61.

Bl¢schl 3. and Sivapalan M. 1995, Scale issues in hydrological modelling: a review. |n
Katma J.D. and Sivapalan M. (Eds) Scale lssuas in Hydrological Modelling. John Wiley,
Chichester, pp. B-48,

Borin M., Bonaiti G. and Giardini L. 2001. Controlled drainage and wetlands to reduca
agricultral pollution — 2 lysimetric study. J. Ernviron. Qual, 30, 13301340,

Bouwer H. 1986, Intake rate: cylinder infiliration In Klule A, (Ed.} Methods of Seil Analysis,
Monograph No. 9, Am. Soc. Agran. Madison, W,

Brooks A M. and Hughes T.J.R. 1582, Stra_arnline upwind/Patrov-Galerkin formulations for
conwection dominated flows with parlicular emphasis on the incompressible Navier-
Stokes egualions. J. Compul. Meth. Appl. Mech, Eng. 32, 198259

Canktya M., Niglsen AA. and Schmidt M. 2004, Aulomatic radiomelnic nomahzation of
mulitemporal satellite imagery. Rem, Sens, Environ. 81, 441451

Carey G.F. and Jiang B.N. 1386. Elemenl-by-elament linear and aan-linear solutian
schamas. Comm. Appi. Numar. Melh, 2, 45-153.

Gharman P.E Y. and Murphy B.W. (Eds} 2000, Seils - Their Properties and Management, A
Snil Gonservation Handbook far NSW. 2nd edition, Tklord University Prass, Oxford.
|SBRM 0 19 5509404 3,

K.oordrook Parmicoole Forast Flood Erbancament Projact - Hpdrewlic Modefimgy The Livieg Mumay ™



Cirma C.F. and McDonngtt.).J, {1897). Linking the hydrolegic and blogaschemical contrals of
nibogen transport in near-sirgam zonas of temperata-forested catchmerts: a review, J.
Hydrgd, doi: 10.1016/S0022=-1694{96 032866

laxton AL, Bales P.0. and Cloke H. 2003. Mixing of hillskope, river and alluvia!
groundwatars in lowland Aocdplains. Ground Water 41(7), 9254385,

Cloke H.L., Anderson M., and Renaud J-P. 2008, Developrment of 2 modelling mathadolegy
fur the investigation or iparian hydrological processes, Hydrol, Process. 2001} 5107

Costa-Cabral, M. and Burges 5.J. 1984, Digital elevation model netwarks (DEMCHMY: 2 modal
for Now Gwer hillslopa for computation ¢f contributing and dispersa| areas. Waler
Hasour. Res. 30{E), 1681-1652.

Craze B, Holman G., Chapman G.A. and Stone M.J. 2003. Soil Survey Standard Test
Mathods. Department of Land and Waler Consarvation, Sydr ey.
hittp: v diwe. ngw.gov.awicarelsoilissil_pubsisail_tesltsfzoil_test methads. hml
Accessed Movember 2005 - - S

DHI 2007. MIKE FLOOD — ¢ambined 10 and 2D hydrodynamic modelling fhased on MIKE
11 and MIKE 21} for detailed inland flopding and siomm 2Urge m._,dig;_ QQSDT ;gmﬂm By
CHI Water and Enviranment. Agem Alla 3, BK-2970 Horsholm,
http-fhwww dhigroup.com. Accessed March 2008

DOC 2006, Koondrook Perricoota Forest Cutting 1D Hydraulie Modal
e Laborstony. NOW Oepesimentof Cammree S pep b o
Commerce Report No. 06024, MHL Fite No. FHE-00057 ' ’

Diooge J.C.I 1980, Flood routing in channels. Unpublishey leeturg notes 0 bt
Engineering, University Goflege, Dublin, Irelamd. - Deparment of Civ

Dooge J.C.|. and Harey B M. 19567 Linear rouling in uniform open channals P
Hydrokogy Symp.. Fort Collins, Colorado, Sept 6-8, pp. 57-83, Colomc fﬂ%ﬁl{lt&m.
Cotorado University Prass. - -

Dooge J.C.1. and Napiérkowski J.J. 1987, Applicability of diffusion anatogy | |
Acta Geophys. Polon. 35(1} 6675, gy in Mood routing.

Evans R, and Barnett F. 2007. Assessment of salinity impacls of enhanced floading in the
Keoundrook Perricoola Forest on tha Wakool and Murray Rivars - Fing) Reporl,
Technical report prepared by Salienl Solutions Pty Ltd and submitted to the NEW Drept
of Malural Resources, Queanbeyan.

Fairfield J. and Leymarie P. 1891. Drainage netwarks from grid dinital elevation models.
wWater Resour. Res. 27(8), F08-717.

Gee DM, Anderson M.G. and Baird L. 1980. Large scale floodplain modelling. Eanh Sy,
Frocess. Landl, 15, 512-523%.

Grayson RB., Moore |.D. and McMalhon T.A, 1992, Physically bagsed hydrolomic modelling.
2. |5 the concept realistic? Watler Resour. Res. 28{10), 265926865, dni.
10102 WHO 1250,

] Koondrooh Parfcocta Farast Flgod Enfencement CPrayect - Hyomohs Modeling: The Ling Mumay

*

Graen 0.L., Shaikh M., Maini M., Cross H.C, and Slaven J. 1598, Aszassment of
Environmental Flow Meeds for the Lowar Dading River. Repert CNR 98.028, Centre for
Matural Resources, Department of Land and Water Congarvalion, Parramatia,

Green W.H. and Ampt G. 1911, Swdes of 200l physics, part | — the flow of air and water
through soils. J. Agr. Sci, 4, 1-24,

Hervouet, J-M. 1982, Element-by-elemenl methods for salving shallow water equations with
FEM. Proc. Sth Intemational Conlerence on Computalional Methads in YWater
resources. Denver, USA.

Hervouet J.-M. 2000, TELEMAC Modelling System: an avarview, In: Hervauet J.-M. and
Bates P {Eds). Special 1ssue: The TELEMAC Modelling Systerm. | Hydral, Process.
(13, 22089-22110.

Homitt M5, 2006, A mathodology for the validatian of uncertain flood inundation models. J.
Hydral, dei; 10,1046/ ihydrol 2005.10.027.

Ishell R.F. 1996. The Australian Soil Classification. GSIRO Fublishing, Collingwood, Victoria.

Jeftrey 5.J., Caner J.0.. Moodie & B. and Beswick A.R_2001. Using spatial interpalation to
construct a comprehensive archive of Australian climate data, Enviran Model, Sottw.
16, 308-330.

Jenkins B., Vaza 1., Tuteja N.K. and Teng J. 2008. Soils Report for Koondrock—Pamiconta
Forest Hydraulic Modelling: Soil Survey, Dala Provision, Soils Map and Soils Tlensﬂtning_
NSW Departmant of Matural Resourcas and Murray Darling Basin Commission,

Auslratia. 1ISBN 0 7347 5758 (.

Jengon 8.1, 1991, Applications of hydrologic inlamation automaticatly extracted from digital
elevation models. Hydrol. Process, 5(1), 3144,

Jenson S.K, and Domingue J.O. 1988, Extracting topographic strusture from digital elevation
data for geographic infrmaltion systam analysis. Phologramm, Eng, Rem), =, S4(11},
15931600

Jahnslon R, and Barsen MM, 1983, Remole s_ensil_'lg of Australian wetlands: an evaluation of
Lardsat TM data for inventery and classification. Aust. J. Mar. Freshw. Res. 44 235-

252.

Kazezylmaz-Alhan M, Miguel AM. Jrand Curtis JR. 2007 A wetland hydrotogy and
water quality model incorporating surface watergroundwater interacliong. Waler
Resour. Res. 43, W0443d, doi; 10.1028/2006WR005003.

King |.P. and Reig L.C. 1988. Two-dimensional inite glement models for floodplains and hdal
Mals. In Niki K. and Kawahara M. (Eds), Proc. Int. Conf. on Compulational Melhods in
Flow Analysis, Okayama, Japan, pp. 711-718.

Knight D.W. and Shieno K. 1998, River channel and flocdplain hydraulics. In Anderson M.G..
walling 0.E. and Bates F.0_{Eds), Floodplain Procezses. John Wiley and Sons,
Chichester, pp. 135131,

Koordrook Pemcoota Fores! Fload Enhancamant Prosrcl - Hydmaelic Modellng. The Lhwng Murray iy


http:http://www.dhigroup.com
http://www.dlwc.nsw.gov.au/care/soll/sml_pubs/soll_tests/soil

Lane $.M., Richards iK.3. and Chandler J.H. 1884, Application of distributed sensitivity
analysis i) a model of turbulent open channal flow in a natwral dvar channel, Froc. /.
Soc. Lond. Ser. & 447, 4563,

Lynch D R. and Gray W.G. 1980. Finite Element simulationa of low deforming regions. J.
Comput. Phys. 36, 35-153.

Mark DM, 1858, Chapter 4: Network models in geomamphology, fn Anderson k.G (Ed.,)
Modalling in Gesmaorphological Systems. John Wiley, Hew York. pp. 73-97,

Mark 0., Dozier J. and Frew J. 1884 Automated basin delineation fram digital elevation
data. Geo. Process. 2, 2859=-311.

Martz LW, and Garbrecht J. 1932, Numerical definition of drainage network and
subcatchment areas from digital elevation models. Comput, Segsci, 18(6), 747761,

McDonnell J.J., Stewant MK and Owens LF_ 1991, Efiect of cotehment-seate subsurface
mixing on stream isotopic rasponse. Water Resour. Res. dai- 1010209 1WEOS2S,

MOBC 2002. Setting up of MSM-BIGMOD Modelling Suite for the Rivar Murray System,
Technical Reporl Mo. 20025, November, Murray Daring Basin Commission. Canberra,
Australia.

MDBC 2006, The Gunbower—Koondrock-Perricoola Forest lcon Site Environment
Managemant Plan 2006-2007, Murray Darling Basin Cammission, Canberra. Publ. Mo.
J206, ISBN 1 32103898 5.

MOBC 2007, Seting up ¢f the Murray Simulation Model (MSM) for Auditing the CAP in the

Murray and Lower Dading River Systems. Technical Report 200611, Murray Darding
Basin Commissian, Canberra, Austratia, May.

MDBC 2005, Evaluation of ramate sensing tachnologies fer high resalulion temain mapping:
LiDAR vs photogrammetry, A repad to the Mumay Darling Basin Cammission prepared
by Spabal Information and [nlrastructure, Department of Bustainability ang
Environment, Victoria.

Daniliquin, HSW.

Mitchel G.F.. Hunt C.L. and Su ¥Y.M. 2002, Mitigating highway runef constituents via
wotland, Transp. Res, Rec. 1808, 127-133,

Mogre P., Schulz C.M., Cooper S, Smith 5. Jr and Rodgers J H. (2002). Mitigation of
chlorpyrifos runaff using construcled wetlands. Chemosphere 46(8), B27-835.

Moms [1.G. and Heerdegen R.G. 1288, Autemalically drained calchman boundaries and
channal networks and their hydrological applications. Geomomphalogy 1, 131-141,

Napidrkawski, J.J. 1552, Lmear theory of open channel flaw. In O'Kana J.P, (Ed.} Advances
in Thegretical Hydrology — A Tribute to James Doooe. European Gaophysical Socicty
Series an Hydrolegical Sciences. Elsevier, Amslerdam.

TH Mook Farmioada Fores! Flood Emftancament Propact — Hpdraubs AMdoraiing: The Lramg Wuray

tash J.E. 1950. & unit hydrograph study with particular refarence 19 Brlish catchments.
Froc, Inst. Civ, Eng, 17, 249-282.

O'Callaghan J.F. and Mark O.M, 1984. Tha extraction of drainage networks rgm digital
elevation data. Comput. Vis. Graph. lmage Progess, 28, 328344,

Peroux K., and White |, 1988. Design for disc penmeameter. Soil Sc. Boc. Am. J, 52, 1205
1215.

Fleysier J.L. and Jua A S R. 1980 A single extraction method using sibver-thiourea for
maasUring exchangeable cattons and efective CEL in soils with vanable charges. Sail
Sci. 129, 2056211,

Ponca V.M., Li R.M. and Slmons 0.8, 1978, Appllcability of kinabc and diffusion rmodets, J,
Hydraul. Div. ASCE 104{HY3), 353-360.

Quinn P, Beven K, Chavaflier P. and Planchan ©. 1991, The prediction of hillslope flow
paths for distributed hydrological modelling using digital terrain modets, Hydrol.
Frocess. 5, 59—A0.

Rayment G.E, and Higginson F.R, 1962. Australian Laboratory Handbook of Soil and Water
Chemical Methods — Australiar Sail and Land Survey Handbook. Inkata Press,
Melbourne and Sydney.

Richardson C.J., Qian 5., Craft C.B. and Qualls R.G. 1957, Prediclive models for
phasphorus retention in wetlands, Watlands Ecol. Manage. 4, 159175,

Ritchie J_A. 1963, Earthwork lnnelling and the application of sail testing procadure. J. Soil
Cong. NSV 18, 11129,

Romanowicz R. and Beven K. 2003. Estimation of floed inundation grobabilities as
conditioned on event inundation maps, Watar Resaur. Res, 39(3), 1073, dos:
10.102%/2001WRO0 1056, 2003.

Siebert J. and McDonnall J.1. 2002. On the dialog between exparimentalist and modeler in
catchment hydrology: use of soft data for mukicrteria model calibration. Water Resour,
Res. 38 {11}, T241. dai: 101028/ 2001WROHS7S.

Shaikh M., Brady A.T., and Shamma P. 1388, Applications of remote sensing to assess
welland inundsation and vegetation respanse in relation o hydrofogy in the Great
Cumbung Swamp, Lachian Valley, NSW, Auslralia. In McComb A and Davis LA
(Eds) Wetlands for the Future. Sleneagles Publishing, Adelzida. pp. S85-606.

Shaikh M. Sreen 0. and Cross H, 2001, A remote sanging approach 1o deterrnineg
environmantal flows for wetlands of the Lower Darling River, New South Wales,
Australia. Int. ). Remote Sens. 22(3), 17371751,

Singh V.P. 1936, Kinematic Wave Modalling in Waler Resources: Surface Water Hydrology.
Wiley, Mew Yaork,

Smilh L.C. 1997, Salallite remale sensing of river inundation area, stage, and discharge: a
revigw. Hydrol, Process. 11, 14271438,

K oondreok Pemcoote Foras! Flood Enhancaman! Progaci — Hydmawhic Modetng: The Ladnp Muray s



Summerd| G.K., Tuteja N.K., Grayson R.B., Hairsine P B. and Leaney F. 2006, Contrasting
mechanisms of satt delaery to tha stream rom thres different landforms in South
Eastem Ausiralia. J. Hydrgl doi 10, 101 64 jhydral 2008 .05 002

TEITEITIEI T. aﬁlﬂ HE”EIJTI PM 193':' th'dral..llil:: Cﬂﬂd‘uc‘thﬂ[}r f'f'IEEIE-LIrEmE:I'l’[S ﬂr IGFESI
catchments. Ausk. . Soil Res. 18, 138148,

Tarboten D.G. 1897 A new method for the determination of Mow direclions and upslope
areas in gnid digital elevation models. Water Resour. Res. 33, 309-314.

Tarbolon D43, 1989, The analysis of dver basins and ¢hannat netwarks using digital terrain
daia. 5ch Thesis, Depariment of Civil Engineering, b.)T., Cambridge, Ma, (Also
avaiiable as Tarboton D.G., Bras R L. and Redriguez-turbe 1. {Sarme title), Technical
rEpﬂ.rt . 326. Halph M. Parsons Lab{:ratnfy for Watar resources ang H}’dl’ﬂdfnami‘:ﬁ.
Department of Ciwil Enginecring, ML T, Septermber].

Tarboton DG, Bras R.L. and Rodniguez-Horbe | 1888, The fracial nature of river networks.
Water Resour, Ras. 24{8), [317 1322,

Tuteja M.K_ and Close A, 2006. Koondrook—Pamricoota Flood Enhancement Projact 115 —
Waker Availabiftity Sludy. Interim repart submined to the Murray Darling Basin
Comrission and Praject Steering Committee, 29 September. Project 115, The Living
Murray.

Tuteja MK, Beale G.TH., Surmmerell G K. and Johnston W.H. 2002, Gevatopmant and
validation of the catchment scale salt balance madal CATSALT version 1. NSW
Department of Land and Water Conservalion, Paramatta. CNR 2001031 ISEN 0 7347
5244 X,

Tuteja MK, Yaze J., Teng J. and Mulandeodzi M. 2007, Famtioning Ihe effects of pine
plantatons and climate variability on runoff rom a large calchmaent in south-gaslern
Austratia. Water Rosour. Res. 43, WOB415, doi: 10.1029/2008WRO05016, 2007,

URS 2004. Torumbamy Cutting — Hydraulic Modelling Report. Final Repant 5004 BiO05
Crotober 2004, F"I"E‘Paﬂa‘d for r'I'II'JI"I'a:iI Imgﬂhnn |_|mitEd' Denlllquinl rﬂgw_

van Genuchtan M. Th. 1980, A closed form equation for predicing the hyd rauli ducliv
of unsalurated soils. Soil B¢, Soc. Am. J. 48, 01708 J ydraulic conductty

Watson F.G.R., Grayson R.B., Ventassy R.A., Peel M.C. and Fierce L L. 20041, Evolution of 3
hillslope hydralogical model. Intermational Conference on Modelling and Simulation
MODSIM 2001, Canberra, Australia, 10~12 Decembar 2001, pp. 461-467,

wigmosta M.5., Vail L.W., Lettenmaier D.P. 1994, A distribuled hydrolegy-veqelation medel
far ¢complex terrain. Water Resour. Res. 3006), 16651579, eayveq

Woolhiser DA, and Ligget J.A, 1967, Unsteady one-dimensional flow over a plane: he riging
hydrograph. YWater Resour. Res, 3(3), 753771

ven B.C. {19759) Unsteady flow mathematical modelling techniques. ln Shen H W, (Ed.)
Modalling of Rivers. Wiley Inlerscience, New York, pp. 13.1—13.3%3.

ED Eonngmadk g FeresT Flean Enhancamual Pryng! - Hydraudic Hodalng: Tho Lavieg Moy

Zeilke W, and Urban W, 1981, Two-dimensional Medelling of Rivers with Floadplains,
Mumerical Modelling of River Channel and COvartand Flow for Water Resources and

Environmental Applications. IAHR, Delft, The MNalhedands.

Hooradroak Pervecota Forasl Flood Ephancamesl Bropect - Hpcraune Modaiing. The Lewg Movray

#1


http:13.1-13.33



