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EXECUTIVESUMMARY

Catchment, water resources andagy'i" ,. B, sin(NMD')'catchmGnt, '''er"^ ,Ih inMurra^Darling Basin(NMDB).
onwealth, Minay-DarlingBasin ,

forrninitiativesareredressingt6 aan feducing'at"refbrrninitiatiV""' havingthe effectofreducingWatGrin tive uses. This is having e e

" dandWaterAuditandlvroBSalimty u
"" 'kofsalinitydevelopinginthedrylandpadso,ignificant risk Of S'"'y -lib ,the effectofdegradirigstreani

annitiestothecostoftheenvironmenan -. catchnientssannitiG" , sal'lit ManagernGntStratGgyiSrGq. UiringCatc e
o wateruality(salimty)targe

(in) " ' d th, "gation areas where vertosols 016avy p^y so'developing under themigationatGaS' h, IdsaljnityOCCUr,developing un d- ts omentunderstandirigsandshouldsalinityoccur,te. This contradicts current understari ingsadorninate. This contradictscorrentun ers an gredoininate. This contradicts comen u
it is likely that impacts on an an

(j, ) NewstateWatGt"g" '.". ' ,. ,i. -ty, water logging and water quality
impacts- etodeclareprotectionzones.

(,) Irrigated ag"'g. ' ffaljin water availability andlowcommodjty
prices.

'hedtounderstandtijeextentthatcorrentiriOmla at CGswishedtounderstandtiiGGXtent aC I umairesoUrCGS
implementation of these new po ICi ,
and agricultural industry outcomes.

ect of the studyhas been to identify and appraise e^e p ' y,A rimaryaspectofftiestudyhasbeentoiGn -f tinneedS,' al rcemanagementdriversandidentifyandevaluateirifonnqtioniIe ,andnatUralTesourcemanagementdriVGrSandi"^ I 'OntyandnaturalresourcemanagemGn therelativepTiOrityan, ,, umairesOUTCGm g. ,h- Ij, ,tjons, detenjitnetherelatjveprjorjty'" d d. andth, irim, jication, ,deteniitnethereiative, ,iority
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balance and, in particular, measurernent and manag
emphasised for anusnberofreasons.

UntilrecentlyDDwasthouglittobeclosetoZeTOin " , d the DD
coinonenthavebeendirectlyandaccuraey th errorinComponenthavebeendirGCtyan aCC db the errorincoinponGn itIDDtemiisoftenexceededbytheerrorinUiredasthemagriitudeoftheDDtemliSO' DD anbe

highly signi"pan"' '. DD tesmuchhiglierthanpreviouslyconsidered.
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This has serious implications for the eventual development of salinity, its jin acts o
land and water quality as wellas mechanismsrequired for the management ofDD.

The stoicture of this report is to:

(i) Identify the policy, natural resource and industry-drivers for better water balance
and DD infomiation and provide a prioritisation in order of significance
(chapter 2).

(ii) Briefly evaluate a range of current and recent water balance and DD R&D
projects and ittitiatives and identify the need for a catchinent approach and
coordination issues (chapter 3).

(in) Identify and prioritise water balance and DD infonnation needs and
(chapter 4).

Present a program proposal and identify and discuss implementation issues for
the possibleProgram (chapters)

The CatchmemtFrameworkand Overview

(iv)

A catchment outcomes framework for water balanceand DD R&D has been ro OSed
which considers 3 separate but intercomiected zones. The Zones are:

. the Catchmentlevel(water quantity and quality outcomes).

. Uplands Landscapes (itfigated agriculture, dryland agriculture and for^ts both
natural and reafforested and, land condition).

. Plans Landscapes (ittigated agi'iculture, drylarid agriculture, and forests both
natural and reafforested and, land condition).

Analysis of the drivers for better water balance and DD infonnation shows that there
is a strong and urgent damand andjustification for additionalR&D into water balance
and DD particularly forthe Plains Landscapes zone. A R&D Program is ro OSed to
address this need.

Policy, Industry and Natural Resource Drivers for Additional Water Balance
and DlD information

From discussions with a large cross section of fonders, researchers and resource
managers (Appendix 2), 16 possible drivers for futiler water balance and DD
infonnation were considered and it was concluded that:

There is wide damarid and support for better information on deep drainage. 111
particular, the need to understand the significance and probable extant of salimty was
universally identified as an urgent need.

There is a critical need for better and oredible waterbal ce

gaps

. determining the significance and scale of the potential saniiityproblern,

. the effective implernentation ofNSW and Queensland Water Acts,

. end of valley and in-valley water quality targetsetting, and

. targeting vegetation retention licencing and revegetation programs.



kiln!^ t'onal, MDBandStatepolicyandprogi. am
and industry initiatives including:
. regional sannityplamiing,

catchmenthealth targets and monitoring,
develo meritandimplcoientationofwaterusee ciencyp gr ,

. development of sustainable landmanagemen p

.

.

Othersi

. goundwaterlicencing, and

. reducing gi'oaridwater pollution risk.

CurrentR&D Activity and Gaps

current and recent R&D activities, a signihireviewingctirrentanreCGll ' btt ordinationand
Ulands(dryland)landscapeszonewasidentified. Ane^ O' arent
integration of these efforts was iden '
to the consultants.

ThereissigiiificantactivityirlO an calein. orderto
developingasuiteofmodelsfi'ompoiritscGO 'd adeveloping as""' t ,alitytargets. This workprovidesa
potenti ygOO ' I'dntified. ThisworkisbeingfiiiidedbyintheUplandsandPlalnszonespreviousyien tontb

and DD R&D in the Uplands and Plains zones so a
d influenced by these catchnientmodelling initiatives.

'son, there is much less work in the Plat^s (inigatiqn anBy comparison, ther''"' f investmentinwaterbalance
landscapes anditjsheretiiattiiereismostn Or ,d artsoflandscapesandit" "' bai R&Dfbrftieirrigatedpartsof

be uch less difficult as there is only the one sign cantchments a pears to be much less difficult as there is y
irrigated industry and a small group o researc

ThereisaneedforoverallcoordiriationariGa t estributes to overall catchinent ou

s coifically to maintain and where possible improve an

The ProgramFroposal

econmiended which has a landscape-base appAprogi'amisreCOmnlGn o0rdinatiOn
' de endent Sub-Program elements and with over gr.
catchmentscale. This arrangement is shownin eac p

'ficant uses of better information are:
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Adoption of Results

There are2 important aspects to the adoption of water balance and DD results. One ' ~
application of the findings through goveLiuiierit policies and programs such as the
setting of targets, sannity hazard maps, land and water managernent larus d
regional plans. There is a litglilikelihood that this_witLoccur provided the necess
connections and ownerships are made. The second aspect is that of ado tion b
industry. This is considered to be moderately linglitlrougli the impl^nentation of
those goveriarnentpolices and prog. ams but there is also good evidence of itti ators in
the NMDB adopting practices to improve water use 61nciencies once it b
oredibly damonstrated that there are significant water balance and DD 10 d
possible gains.



Proposed Program Str, ,cti, re
GOAL:

Understand theWa. ter Balance and Deep Drainagefor Better Catc men
Management tiltheNorthern. Murra. yDarting Basin.

UPLANDSLANDSCAPESSUB-PROGRAMOBJECTIVES:
I. To understand the filmr scale of land satinisation.
2. To develop water efficient andprofitable agricultural productionsystenis.
3. To provide credible information to salintty hazard mmppirig and planning.
4. To provide CTedible infomiation for vegetation polices and progranis.
5. To provide CTedible information for setting of catchnienthealth targets.
6. To provide oredible information for tile Bustsinable use of groundwater.

CATCP'rim. NTSCALESUB. PROGRAMOBJECTrvES:
I. To understand the scale of watersalinttyproblems in the NibroB.
2. To contribute to the setting ofcredible end of valley and in-valley water qua ity targe s.

Understanding Deep Drainage and the
Water Balance: To undertake field and laboratory
studies and computer modelling to understand the water
balance and predict DD invertosolsoils.

Effective Achievement of Government Policies/ SafuiityMan. agedlB:ffectively ro I a e g '

PLAINSLANDSCAPESSUB-lPROGRAMOBJECTrvES:
I. To understand the filmre 80ale of land Bannisation.
2. To develop water efficient and profitable agricultural production systems.
3. To provide CTCdible inforuiation to saniiity hazard mmppirig and planning.
4. Toprovidecr tel onna g. h Ihta etS.
6. To provide CTCdible information for the sustainable use of groundwater.

Designing Solutions and Responses:
Using field studies and computer-based simulations, identify,
design arid test solutions to reduce DD to within the
assiniilative capacity of groundwater systems.

OUTCOMES

Delivery to Stakeholders:
To develop products and mechanisms
so that Program findings are adopted
by primary clients'



Sub- Program I:

This sub-program hastyo deliverables:

(i) Measurement and prediction ofDD from land use. ^14nnariagement practices for upland
landscapes and, using flits infonnation as an input, developing hazard and risk maps as
part of the tinrd sub-progi. am. Land uses would include both agricultural and forest
(natoral and reafforested).

)Provision of DD estimates required by catchment scale groundwater models which can
predict catchmentimpacts of changedDD.

The first of these projects is largely underway in a GRDC and other projects atthougli there
may be justification in expanding the 'forests' component of it. The second partis underway
in the NSW, Qld and ^^inBC end-of-valley and in-valley target setting work. The main
immediate need is to ensure consistency of methodologies, data standards and eXchange, that
the approach is comprehensive and resources adequate.

It should be noted that while there is some irrigated agi. iculture in the Uplands Landscapes
this represents only a small percentage of activity and would not warrant R&D investoient at
this stage.

UDlands(drvland) LandscaDes:

Sub-Program 2:

This sub-progi'am is the main area inneed of additionalR&D for several reasons, including:

. the various audits of salintty appear to have focussed on uplands catchrtients without
recogiising the significantrisk and impacts from salimtydeveloping in the (Plains) zone.

. the development of shallow watertables is likely to be accelerated due to the increased
impact of irrigation on the water balance compared to other landuses.

. Innited measur^nents ofDD under irrigation are suggesting that DD rates could be much
biglierthan previously considered likely.

. the cracking nature of vertosols pose special challenges for field mea^omant and
computer modelling of DD. This will necessitate development of new and itinovative
approaches with a strong scienceunderpinning.

. there is a likelihood that groundwater salirtities in these more add zones will be very lingli
and saniiityimpacts severe should shallow watertables develop.

. oredible infonnation on DD and the funi-level water balance is required so that industry
can design and implerneiittargeted pro^airs to raise water use efficiency.

The studies required intrtis sub-project are:

(i) Sub-regional groundwatermodelling in the valleys where there is irrigation to:
reconcile any differences between DD measurements and previous estimates from
groundwatermodelling and watertablebehaviour.

appraise impacts on land and water conditions ifshallow watertables develop.

Plains (irrigation and drylarid) Landscaoes:



from Coriumon land uses in the zone incu gestimateDD from Coriumonjandusesin .GZO" ' ,d.estimateD' ' ' dfor. ts(nativeandreafforested).
vestiate groundwater management opi
groundwaterpumping)- tbeneficial

I to sensitivity of results so that R&D is I^
infonnation needs.

Measurement andprediction ofDD to:

estim^tG' ' df sts(nativeandreafforested).

provideinPU'ir"' " it, . d, to be continued andacoimniiniGntObtainGd).
enable gaming (exploration of what-if scenarios) o
policyoptions. tlikel

datalce sensitivity testing of resints so that R&D is
productive infonnation needs.
utirifonnationinto land andwatermanagernen p

Catchmenth droloSub~Pro

modelsofs a'^ d orientoftliissub-progr'am willbetodeveop'modelsofsurfaCGan ''" t fitjjssub-progr. am willbetodeveloPin
Valleywaterqualitytargets. AlladdG CoinPOn" ,mnt hazardandT""
parttiershipwith Go ersu -pr ,

6thatthereisconsistencyaridirifomiationmer g ,, dto TovidGensurettjatthGTGiSCO""""y 2 b_, o amsarG6XPGCtGdtOPTOvidGensurettlat "" I th other2sub-programsareexpectedtoproother 2 sub-programs. impartial ar e o e
oredible, fieldtest Ino

(in)

Outline of Recommended Projects

The analysisofthGPO"'y, ".''tr' b on b, oadly scoped(Appei^dix6)but needto' ' tsforfiiridirig. ThesehavebeenbroadlysCOP"('PP""' ,h'n6 norityprojectsforfjjjjdirig. Thesehavebeen To. y , b, ,, made. The
b developed in detail once a decision to procee
recoinmendedprojects are:

Fieldstudiesaridsitecharacterisationo eWa .. ,,, ToachesSIGS Ifcusreq. urnngnewapUses, water qualities, LandMappjngUnits. ApartiCUaT " "-. I ),, jjs.
tiledifficulttaskofdirectmeasurernento on
D velo merit and testing of computer models or s'
vertosols.

d water use efficiencies including the impact oc. Evaluation of the farm water balance
waterstorages and charmels.

.

a.

b.



d. District scale groundwater models linking DD to watertable development and impacts.
e. Development of improved water use pinetices including evaluation of the economics_. of

alternative land uses and of alternative policy andadoption options.

f Development of catchmentflow and saltroutingmodels.

Program Coordination

A number of Program coordination options are considered and a preferred modelsuggested.
NIOverall coordinating mechanism is recommended which is loosely based on the Pesticides
model with sub-Frogi. ams being sellit-independently coordinated. The recoiluiiended overall
coordination approach is to ensure integration, consistency and compatibility between the
sub-programs as well as deal with issues such as infonnation sharing, standards, and ensuring
a continual watch on emerging importantinfbrrnation gaps. The suggested amangaments are
shorniirithe following dia^am.

~

Plains Landscapes Sub-Program:

ovE^cooRDmAnoNs

investors will need to review and negotiate the pref;a^ manag^nent arrangernontsincluding
who should take on the lead roles for overall coordination and of the separate sub-progr. ams
daring the Program ittitiation phase.

We recoinmend initially a peak Managonient Committee to ensure the development, delivery
and coordination of the overall Program of research. Initial mombership of this body should
have a strong representation of user gi'oups and include representatives of fonders, .key
industries, R&D providers, Catchment Mariag^nent Boards I Committees, and organisations
legally responsible for managernent of the water resouree. All important need at this stage is
to develop a partriership with shared ownership, clear responsibilities, and formal
coinmiinieiits to the Program.

The convener of this group needs to be an organisation with a Basin wide or national
perspective and with a strong natural resource managernent and goverimneiit policy
perspective. It is expected that the cornmittee will take a lead role in developing the overall
strategic approach and consequent businessi'implernentation plan, approving project proposals
and ensuring projects focus on outcomes and user needs (eg. using the layoutftom Figures
4.2 and 4.3), setting of pertonnance objectives and milestones, approval and oversignt of
budgets, and monitoring progress including adaptation of the approach as required.

Catch, nentLevelSub-Program

Uplands Landscapes Sub-Program:



Once coriumitrnent to the program~is agreed, we s origy
Committees for each of the 3 sub-Programs. Thes;:wou incu e p
funders, R&D providers, local CMB's, and the legal manager o
sub-Programcoirunitteeswouldensuretheexecutiono p
more day to day basis.

Co-Investors and Project Participants

Possibleco-investorsandparticipantsinafiitureProgi'am arei co ' p
OSsibleparticipants is shown in the following Table.

Organisation

State a GIIcies
C^^IB

CSl}<O

LWNliidustry
IvroBC
GRDC/Indus.
CanCmidus.
RE^. DC11ndus.
ACCRC/Indus.

M^/industry
AllC/Indus
AWBC/hadus
Universities
CRCCH

CRCPBlvroS

- .--

Implementation Process

Following acceptance of this report, the following indicative process co
implernentingthe Program.

Potential
Funder

STAGE

Core management group
(LWA, unBc, cltroc,
GnuC) agree whether to

roceed

Investors agree
and roles.

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

Potential
R&D

Provider
I

Potential
Information
User/Client

I

I

I

Initial Program Planning
Coordination Meeting
(Funders, researchers, end users)

TASKS

oregroPg' d I thePro
Preliminary discussionofroles.

Discussions held with the range of possible investors an
investors agree indicative levels of involvement, investsnen, ,
ex ectations/constraints to involvement.
o Agreement of Progi'am and sub-Frog'am objectives.
. Discussionofcurrent R&D and R&D needsfbrsub-progiains.
. Consideration of end user needs, requirements an en or

fomiats from Fi res 4.2 and4.3 .

interest

I

I

I

I

I

I

I

I

I

I

I

I

I

usin



. Agreement of scope of sub-program areas.

. Identification of data sharing issues including protocols standards.

. Adoption and communication planning.

. Reviewofindicativeroles

Detailed Planning through Detailed:
Separate Sub-Program . ReviewofcurrentR&Dimtiatives.
Workshops . Review of end userneedsaiidspecific productrequirements.
(Funders, researchers, end users) . Planning ofR&D to meet enduserneeds.

. Identification of data requirements, methodologies and data standards
issues and resolution needs.

. Identification of milestones, deliverables and products.

. Furtherdevelo meritofado tionandcommtmication Ian

Co-investors and R&D Providersreview, negotiate and agee:
. OverallProgram ensuring anyR&D gaps avoided.
. Projects(including communication and adoption plans).
. Funding contributions.
. Administrative, reporting, project managernont arrangements agreed
. Providers identified by commissioning ortendeting as appropriate.

ents and Mou's.o Formal mana eruenta

Program agreement.

Pro^Cts lm Iementatiom

Progress Reviews

Fro an, Con letion

Recommendations

I. There is a strong and urgent need as well as wide support for funding a signficaiit R&D
Frogi'am focussing on understanding the water balance and Deep Drainage for better
catchment, water resource and agi'iculturol outcomes in theN^B.

2. Whilst tliis review has focussed on the northern ^^DB, it also has application to other
areas in Australia where vertosolsoils predominate.

3. There also appears to be a need to develop a sillitlar prog. am of user driven R&D for the
southcoi^^^inB. The results of this recommended R&D Program however, do nottransfiar
directly to the southern MDB bio-region due to differentindustt. y, policy and bio-physical
conditions.

Annual(or more frequent) meetings at Program and sub-Program levels
to reviewprogi. ess, share information, identify gaps and emerging needs,
iden' congtmintsando itunities.
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LOCATIONANDsorr. ,soFSTUDYARIBA

The sttidy area corresponds to the northern Murray Darling Basin and broadly correspondsto
that area north of the line on the following map. The map also indicates the MDB
catchments, their sannity generation risk rating, and estimated trends in water quality.

@L

L

(in Pert@sols@i's in Eastern 11"girdi"

Location ofVertosols in Eastern Australia

Tile primary soils of technical interest in the study area are vertosols. The location of these soils in
relation to the studyarea andmore widely throughout easternAustralia is shown in the fbUowingmap.
These are the most importantsoils in Australian cotton growing areas.

These soils have strong shrink and swellchamcteristics and exhibitstrong cracking throughoutthe soil
profile as they dry. They also have well<leveloped internalstructure (slickensides) and prefisrred now
pathways for water due to the strong cracking behaviour. Australia has the greatest area and diversity
of cracking clay soils of any country in the world fobe11(1996). The cracking and structured nature of
these soils are especially challenging to study either by indirect or indirect measurement or to model
because of theircracking and structured characteristics.
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Australian Cotton Cooperative Research Centre
Cotton Cooperative Research Centre
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Catchment Management Boards, NSW
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NSWDeparttnentofLand andWaterConservation
NSW Environmental Services hivesmient Fund
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Groins R&D Corporation
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INTRODUCTION

1.1 BACKGROUNDTOTHESTUDY

CatchmentlPlanning andWaterResources Management in the NMDB
Catchment, water resources and agricultural managern^!!!_:!re qndergoing significant, rapid
and difficult change in the Northern MumayDarling Basin (NMDB).

(i) Recent ColluLionwealtti, Mummy-Darling Basin Commission and State water refbnn
ittitiatives are redressing the balance between water for the environment and water for
consumptive uses. This is having the effect of reducing water available for irrigation.
Water pricing is also undergoing change.

(ii) Both New SouthWales and Queensland have introduced new Water Acts mresponseto
the CoAG water refbnn agenda. implementation of the legislation has the effect of
requiting the avoidance of certain fbnns of environmental degradation including
sannity, water logging and water quality impacts. Additionally there is a requironient
for the development of Land and Water Managernont Plans and scope to declare
protection zones.

tin) Tile National Land and Water Audit and I\^DB Salintty Audit have indicated a
significant risk of salintty developing in the dryland parts of the Northern Mumay-
Darling Basin 011vroB) which will have the effect ofdegi. adjng stream salintties to the
cost of the coyiromnent and downstream users including inigators. implanentation of

I.
..

the unBMC's Basinsalimty Mariagonient Strategy is requiring catchingIts to develop
end-of-valley (and in-valley) water quality (sannity) targets.

New infonnation is suggesting that there could be a risk of sannttydevelopirigunderthe
itfigation areas where vatosols (cracking clay soils) predominate. This contradicts
current understandings and should salimty occur, it is likely that impacts on land and
water will be severe as gr'oundwater salintties tilthis zone can be extranely bigli.

(v) Commonwealth and State policy ittitiatives are requiring the development of sannity
and water quality maniagcoient strategies tilthe catchnients of the NMDB. in addition,
States are implanenting new community-based, catchnient governance arrangements
whichrequiretiiedevelopment of broadly based catchmeritmanagcoieiitplans.

farmIrrigated agi. iculture is striving to increase water use efficiencies to increase
profitability at a time offanimgwater availability and low commodity prices.

Many stakeholders are concerned that soil-water processes in vertosol soils are not well
understood, readily measured or modelled. This restricts understanding the cause of natural
resource problerris and how they iniglit be better managed. This lack of infonnation linglit
also prevent implanentation of new policies, and sustainable naturel resource and industry
outcomes.

(iv)

(vi)



, Salinity as an Emerging Issuein the NMD
Bisahiglilyproductiveagr'icultura!alea^11is _ThenorthemMDBisahiglilyprodUCtiVGjg""' ,,,,(,,, tjysurfacebUtalS'ThenO. ' , d, ,tt, njsthemajoruserofirrigationwater(mostlys ace .utt industry. Irrigated cottoniSthGmajOTUSG;' 'g I- t k rodUCtiOnan'

oundwater)intrieregion. Dryanagricu ,
somewoolproduction. _.__

" ourCGshasbeenasigiiificantproerni
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Catchmentand Water esources Management and the Understanding of the Vin & DD

Catchment, water resources and agricultural industry outcomes are heavily influenced-by-
management of the water balance. in particular, the so-called leakiness of current fanning
systems is a most important determinant of salinitydevelopment and water quality outcomes.

Until recently, it was believed that the leadness (DDT6f dryland and irrigated fanning
systerns on vatosol(cracking clay) soils was negligible. This conclusion however was not
based on the direct measur^nent of DD but rather as DD being the parameter required to
close water balance studies. The risk from this approach however, is that errors in the
measuronient of the other components of the water balance can be of the same or larger
magiitude than the DD term itself: in addition, relatively small changes in DD con be
significont to gr. oundwaterresponse and hence the significance of anysalimtyproblcoi.

Some recentinvestigations have questioned theseprevious understandings ofDD.

Relevant technical investigations ofDD under irrigation in the northern MDB have occurred
so far, at a relatively jinxited number of sites for Iinxited periods. A number of recent but
Innited studies have shown that DD is significant and much biglier than previously believed.
For example Silbum and Montgomery (2001, in progress) cite a number of direct and
circumstantial estimates ofDD and suggest that DD under irrigation is typically of the order
of Ionimit0 200 rillulyear(and up to 700 rimi/yearon someliglitsoils) compared to less than
10 mady from sinnlar non-irrigated sites. This has obvious implications for land and water
salinityrisk (and groundwaterpollution) mulese areas and also suggests that the errrent focus
on dryland salimty needs to be broadened. As a consequence, the suite of Land Mapping
Units (LMU) (soils, land use, geology) and climatic events (particularly large episodic events)
have not been studied or integrated sufficiently at a catchnient scale to give all adequate
picture of system behaviour.

IdealIyour capacity to model DD for various land uses and climates would onable ready and
reasonably confidentprediction ofDD for various LMU across the catchnieiits. However, the
biglily cracking nature of vatosols does not confbnn to conventional models of soil-water
movernent. As well, direct and indirect meuser^nent ofDD difficult is difficult where soils
are biglilycracking.

A national workshop was held recently on 'Modelling Water Movernent in Cracking Soils
036thune and Kitby, 2001). The workshop identified:
. the poor ability of current models to simulateDD from cracking soils,
. a lack offield studies on cracking soils with closed water balances,
. the need for standards and guidelines fordatasets.

The need for a multi-pronged approach to deter^rig DD is examplified by a number of
separate studies in the NMDB where there are signficant differences in estimates from
different approaches. For example, estimates of DD using root zone hydrology methods
versus estimates arising from regional groundwater models are significantly different, and
some partial water balance studies have suggested litgli DD losses which have not been
consistent with observation.
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In consultation with research purchasers, research providers 'and service roviders,
(primarily those associated with irrigated production, dryland production or with narural
resource management) identify gaps in 'the understanding of deep drainage and the ~
implications of these gaps, detennine their relative priority and develop a R&D proposal
to tackle than.

Propose a suitable structure for the adjninistration of a. progi'am(s) that will address these
priorities and a model formvesinient in them.

1.3 METHODS

This report was developed by the consultant team in consultation with the LWA pro'cot
Manager and with assistance provided by the Steering Cornmittee. The Steering Cornniittee
comprised representatives from Land and Water Australia, Mumay. Darling Basin
Commission, ACCRC, NSW Agriculture, New South Wales Depamneiit of Land and Water
Conservation, Queensland Dep^lait of Natural Resources and Mines, Queensland
Departinent of Primary Industry, Cotton roc, and CSRO. A smaller Mariag^lent
Committee met twice by teleconf;grance, once at the start to review and refine the a roach
proposed and a second time to review and early draft of this Background Report Tile
mombers of each group are identified in Appendix I.

Over 40 stakeholders were interviewed to deteritline:
. DriversfbrwaterbalanceandDDresearch;
. Specificimpacts of lackofwaterbalance and DD futonnation;
. Specificinfbnnation needs to addressissuesidentified;
. Potential managernontmodels; and
. Admittistrotion issues foreachpoteiitialmanagernentmodel.

People consulted are identified in Appendix 2. A copy of the interview fomiatis included in
Appaldix 3.
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POLICY, INDUSTRYANDNATURALRESOURCE DRIVERS FORWATER
BALANCEANDDEEFDRAINAGEINFORMATION

A wide range of stakeholders were consulted to identify and prioritise the issues and drivers
where improved infonnation on deep drainage and the water balance is important to end
users,

Key policies and other uses ofWB & DD infonnation are described in the following sections
and our view of the relative importance ofDD infonnation needs sunarnadsed in Figure 2.2.

Many goverinnent policy ittitiatives and refbnns, targetthe sustainable use of land and water
resources so that use is within the assimilative capacity of the natural environment. Effective
implernentation of many of these initiatives require at least some understanding of deep
drainage, including implications for policy objectives (and catchmait outcomes) and the
f^:asibilityof improving natural resource outcomes by managing deep drainage.

2.1

I'DBMCICMPolicy

As the overarching ^^inBMC strategy, the ICM Policy is an important and fairly specific
indicator of future government policies and funding priorities.

The Policy '/"tegr@ted' Catchme"t M@"@geme"t in the Mt, 770, -DCrli"g Busi" 2001-2010-
delivering @ sustainable frillre' was agreed by the Ministerial Councilin inid 2001. The
policy identifies the priorities and approach for future MDBC activities including research
and on-ground action.

Strategies and Targets are to be developed according to aspecific timetable for Water Quality,
Water Sharing, Riverme ECosysterns, Terrestrial Biodiversity and Catchment Health 03igure
2.1). Targets will be set on the basis of assets to be protected, involve all partners, use
reasonable timefi. ames, have clear accountabilities, and be tritegi'ated.

Damlarsr'ORBE','IruKl^neoRMAnoN

Fi"re2. Z: MDBMCfCMFoli 7'cr ets
ISSUE TARGETTn, IE^

Water quality, (surface water and End-of-varieytorgetstbrin-stream ^antityineachmajorcatchment
cumdwater b 2001 animRalini Shate

Nutrienttargets foreachmajorcatchn, entby2003
Water sharing, including surface water Cap on diversions agreed forNSW, Victoria and SA in 1995.
and cumdwater Interim tar ets fordivironmentalfiows for RiverM",, b 2002.

Tar ets foreachmm'orcatchmentb 2006

Work to determine appropriate targets to be undertaken by 2006.
Tar etsin laceb 2006.

Work to determine appropriate targets to be undertaken by 2006.
Targets implace by 2006.
Interim tar ets formative ve etation in each mm'orcatchment b 2002
Framework for catchnienthealth to be in laceb 2008

Riverme Ecosystem Health

Terrestrial biodiversity

CatchmentHealth

Change will be achieved and monitored tlirougli stronger institutional arrangements and
accountabilities, integrating land useplamiing and catchment PIamiing, targeted use of market
mechanisms to drive change, accreditation of catchment strategies and plans, reporting to the
MDBMC andAustralianpublic.
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Saliniity and End of ValleyTargets

This MDBC Strategy is the first MDBC Strat!sgy to be rolled out within the new ICM Folic
and sets a Basin level framework for managing water quality (salinity). The objectives of this
Strategy are to:

. maintain the water quality of the shared water resources of the Mumay and Darling Rivers
for allbeneficial uses-agricultural, environmental, urban, industrial and recreational;

. control the rise in salt loads in anti. ibutary rivers of the Basin and, firougli that control,
protect theirwaterresources and aquatic ecosystems at agreed levels;

. controlland degi. adation and protect important terrestrial coosysterns, productive fann
land, culturelheritage, and built infrastructure at agreed levels Basin-wide; and

. maximise net benefits from saniiity control across the Basin.

The means of achieving these objectives are the development and application of targets (less
than 800 EC for 95% of the time at Morgan) for the shared (River Mumy and the Darling
River downstream of Menindee) water resources, cod of valley targets for each main tributary
valley (salt load and flow) and targets for other Basin-wide values and assets (State within-
valley managernenttargets).

The pmicipal responsibility for developing and implonientirig the targets rests with the
respective States with the I'mBC taking a monitoring and auditing role in addition'to the
managernentofttieshared resource.

Whilst there are interimi end of valley targets, the information underpinning these targets for
the northern MDB is believed by many to be scant Major shortcomings include Innited
understanding of groundwater systerns, errrent watertable levels, their rate of change, rates of
recharge under current or alternative land uses, and Iinxited predictive capacity for translation
of shallow watertables into salt affected land and salt discharge to streams.

Revised end-OILvalley targets are to be finalsed forNSW by March 2002 and for Queensland
by 2004. BothNSW and Qld have studies implace to develop these targets. Currantstudies at
both ^^DB and State levels are focussed on the uplands part of catchmeiits and have not yet
f;ICtored impossible saltloads from the plain^ (itfigated and dryland areas). It is essential that
risks to stream water quality from these areas be considered because of their close proximty
to streams and possibly biglisalinities (of the order of sea water) that could enter streams.

NSW has commenced a large State funded computer modelling ittitiative to sup ort
development of maps of recharge potential for regional and property plainxing, and for setting
of water quality targets. More detailofthis is given in the section dealing with R&D.

in Qld, investigation and characterisation of catchment goundwater systerns including
installation of bore networks in deep and shallow systerns are being made to deterTrime the
risk of groundwater sannity. This infonnation will be used in a suite of models to develop
end-of-valley and in-valley targets in a similar way as inNSW.

Irrigation areas are important sinks for salt through the water diverted for irrigation. These
sinks will become more important in order for valleys to meet end-of-valley and in-valley
targets. There are important questions regarding the long term sustainability of irrigation
areas in these circumstances. Issues include whether the soils can meet the increased Ieaching
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indicating an industry's responsible environinental credentials. It was also suggested that
improving irrigation 61nciencies will result in greater environmental flows although this is
unlikely to eventuate unless goveiiuiient or a third party steps in to purchase or claw back
watersaved.

The current average irrigation aDolication efliciencv on cotton farms (Hamilton, in
discussion) is of the order of 70% whilst best practice is 90% and with trickle irrigation 92-
93% is thoug!It to be possible. Other studies (eg. Tennalcoon, also Daiton see Project 4,
Section 3.1) have found fun efi^derides of less than 60%. increasing the average industry
from 70% to 85% is considered a realistic goal. This translates into an increased irrigated
area of about 20% for a given quota of water. Other likely benefits include reduced freely
available water in the hydrologicalsystern which can carry pollutants and raise watertables.

Both NSW and Queensland water refbnn processes will result tilless water for consumptive
uses. In order to assist farms make adjustinents to a more water Innited environment both
govennnents have water use efficiency programs. These WUE Programs are ready end-users
of theresults ofDD research.

It is essential for theseprogi. anus, that it is understood where losses are occurring on-fomi(eg.
field, charmels, storages, particular soiltypes and managernent practices). This information
can readily foed into established cotton industry Best Practice Guidelines. Better DD
infonnation is an important input into improving form WUE and the effectiveness of fann
WUE Programs.

Improving Farm Profitability

Agricultural productivity perunit of water will increase as water is used more ef;aviantly and
water losses decrease. Adoption of more water efficient practices will normally follow
subjectto the investoient needed being less than the value of the increased production.

The industry is currently striving to increase farm profitability and water use efficiencies
because of the decreasing availability of water from water refbnns as well as current low
commodity prices.

DD infonnation is considered to be of moderate importance as a driver of change mrelation
to farm profitability. The availability of econoimc, convenient and labour saving technology
are probably more importantfactors to adoption of improved practices by itrigators. The key
issue that will drive adoption however are practices which lead to significant reductions in
production costs.

GroundwaterLicemcimg
Groundwaterlicences are being revised in the northern MDB. msome catchmerits, they are
to be reduced substantially (eg. by 80%). Licences are being based on determinations of the
sustainable yield of the aquifisrs using pump tests, groundwater modelling and monitoring of
the supply aquifer. Knowledge of deep dramage rates is important to developing these
licences. However the ultimate licencing levels will be based on groundwater behaviour
observed by direct monitoring. All understanding of the likely impact of extensive land
management changes to groundwater recharge would provide an early sigial of possible
amergingproblems to the resource base and an66d for licence revisions.
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input into the setting of bio, diversity targets. As such, DD infonnation could be indirectly
relevantto setting these targets and to implementing strategies to reduce the salinity risk.

Knowledge ofDD is not considered to be of major importance or innnediacy to the settin of
these targets.

Sustainable Land Management Practices

Sustainable land management is of majorimportance to the industry as evidenced by theiron-
going development of the Cotton BMP manual and interest in Environmental Managernent
Systems. Sustainable managernent of the natural estate is also important for regional and
national coriumuiiities. indicators of sustainable land managernent are likely to be included
when targets for catchmeiithealth are developed as outlined earlier. DD is likely to be a mom
determinant of the classification of the sustainabnity of agricultoral systerns.

Some interviews also identified the need for industry to demonstrate that it is meeting its duty
of care obligations. AgaliiDD would be an importantinputinto meeting tins need.

Demonstrating the Significance and Scale of Sanntty and Water Management Problems
A number of the interviews indicated that until recently it was believed that DD was not a
probl^n for the vertosolsoils of the Northern ^^^DB. Whilst there is now the recognition that
DDmaybe apossibility, it will onlybecome accepted as aptoblan by industry and the wider
community if it is proven by rigorous technical study. Stintlarly it was indicated that
community acceptance of computer generated results will only be accepted if they can be
shown to be consistent with direct field meusurernont. Credible estimates ofDD and oredible
computer models of water and salt movernent are therefore crucial to damonstrate to the
COILui, unity, the scale and scope of the problcoi so that the coriumuriity is then willing to
participate msaliiiitymanagerneiitplanning and impl^nentation.

2.2 OVERvmworlNrlaRvmwRESFONslas

34n"i^, M"""geme"t: The most coriumon and important reason for having better DD
infomiation was for salimty managernetit purposes (ie. willsalimty be a majorproblcol), and
tiledeveropmeiit of salimtyhazardmapsfbrplanningpurposes. This issue wasidentified as a
high priorityby vittunlly allpeople interviewed.

FCr", I, 'cter Use I^I@icie, ,^, Pro^C", s: It is widely held that better futonnation is required
so that better education and extension progi'anIs can be developed in order to improve
industry perfonnarice and duty of care and that these programs are an immediate Gild user of
the R&D results. Whilst the focus here was on field performance, the need to understand DD
at a fomilevel(dams and charmels) was also identified.

Optimis. jing FCr", jing 6:1, stems to Min^^,, ise Pi. od"c, tom c"d Mr"tintse E'"viro"", e, ,tc!
Imp", ts: A better understanding of DD under land use syste, ns (forestry, grazing, drylarid
agriculture and irrigated agriculture) will gi. Gady assist the development of production
systerns with nitnimal environmental impact both on and off-farm. New simple and reliable
DD measurement andpredictionmethods are required to develop and optimise such systerns.
N"!tie"t cmd Pesticide liceessio"s to Growndw"ter: There is both an environmental and
production Glument to this concern. Again better DD prediction and measurement under
various management optionsisrequired.



e ettherequ'
development Of 'an an ' .d tmedasanimportantpriorityneedbytho^e..G'P theserefonnswasid6ntifiGdaSanimPOrtantPrioritynee y _.
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Developmen' of!"" ' tilt euiresbetterDDj!!^onnation.
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d onstrate its duty of care for water use an a
undertaking DD research to inc u e rill
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infomiation duting interviews.
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I'mBCCap/watersharing
IDL Iementation of State Water Reform
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ImprovingFie ater
Improving Farm Profitability
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Riverme Health Targets
Terrestrial Biodiversity Targets
Sustaniable LandManagementPractices
Demonstratin thesi ticanceofthesalinit
Demonstrating and Industry Duty of Care

and water mama eruent roblems



2.4 CONCLUSION

There is wide support and damand for'better infomiation on deep drainage. We conclude that
there is a critical need for better and oredible WB & DD infonnation for:

. detennining the significance and scale of the sannityproblern.

. the effective implementation ofNSW and Queensland Water Acts.

. end-of-valley and in-valleywaterqualitytargetsetting.

. development of SIIstainable landmanagernentpractices.

. targeting Vegetation retention licencing and revegetation programs.

animoortant need for better and oredible WB & DD infonnation is also required for several
other high priority national, ^^inB and State policy and program and industry tradtiatives
including:

. regional salimtypl^n"ing

. catchmeiithealttitargets andmonitoting.

. development and implernentation ofwateruse efficiency programs.

Others_i. ginficant uses of better infonnation are:

. groundwaterlicencing.

. reducing groundwaterpollutioniisk.

,

-..-~

"



CURRENT WATER
INITIATIVES

3.1 CURRENTSTUDIESANDFROPOSALS
ertinent current and flumediate past

dft' asearchofresearchdatabases. interVie -.-- stud.
managersresponsi e or

inIAI^Rin, NDSP, MDBCandNPIRDproiGC ar, -, I, ,imregaTd
databasesdidnotappearup-to-dateorCOmPTG ,, I- ,asnotidentifiG'.databases did no"PP' ' -fi tj andcatclimentmodellingwasnotidentifi

ts identified from the database search as we as i
someresearchers is listed in Appendix

to TOYide an exhaustive identification anThissectiondoesnotalnitopTOviGanG ' I where. ForeXar'P"'
R&Dinttieno^jamMDBasthesereviewS aVG .,,,, , ina'orworkShOPR&Dinttien0^16rnMD as GSG' -d, titj, datamt!jotworkShOP
dirtyR, D& P''^' 99 cottonindustry, 1999) andHeam (1998) reviewed iniga'

integi'at ''' . ' ' 2001)are reviewing the CurrantstatGOflQIOWledgeregar ing
saliritty and environmental problems is reflectnationalandstatefocusonsalirittyaridenvirOnmGD P d esourc6d-nationalandstatefoCUSOn"'ti'tyar' dt bincaiiyunderresourced-

smallprojects that have o

The 1,100seirjtjjjsChaptertherefbre, is to " Th k, currentR&'an'
Ivarittotliisstiid andbuildonwhathas Gay. . I- ,, conomics, bio'616varittotliisstiid andbuildonWa ... I- ,economics, bio'

R&D technical initiatives relevant to
diversity etchave not been investigated):

Fr ' tl: CatchmemtModellimgofSaltLoads an

bstantjajj driv, ,(and, ,,,,, t, d)by the MDBjv!C 'G^ -0'y .y ,, to , suite of,, bstantially driven(andS'PP""') ' ' - ,j- ,,, tj, ,tjons linked to a suite of
coinutermodelsrangingftOmTOOtZOnG'P .I fth, NSWapproa"ar'coinpueTmO taddedlater. Somedetailsofthe appwill have a water quality coinponen a

BALANCE & DEEP
.

DRAINAGE R&D AND R&D

given in Appendix 5.

atwill roducemapsofrechargepoteni Th
err managementPIarming, end-of-valleyan in~ y , .11alsosuppOrtpropertymanagementPIalm"g, co~' ThisrojectwillalSOSUPPOrtpropertymal'g d I d, uiandcatchments. This projectwi
the NSW Environmental Services Invesinienitonn at theNSW Environmental Services nv

rocess is being used to target gran



The project will instrument 4 dryland sites (paired sites at each)in the NSW (Murray, Namoi,
Lachlan and North Coast) using Iysimeters and intensive water balance monitoring to obtain
water balance closure and to assist model calibration.

Initial steps (eXchange of letters) have been taken to share information and approaches
between sintilar activities inNSW, Queensland and Victoria.

Project2. Managing Deep Drainage in Agricultural Systems in Northern NSW and
Southern Queensland: integrated Research ProgramFroposal.

This oroposed Drogram of research comprises 3 inI^jor project modules: inigated agro-
ecological systonis (centred on cotton), drylarid agi'0-ecosysterns (centred on drylarid
cropping) and, naturel ecosystonis. It was proposed that the 3 major project components
would be loosely coordinated so that there were links between standardised approaches, focal
study sites and sharing of infomiation. The drylarid agr'o-00010gical systerns project has been
developed filthier with the GnuC and is now funded (refiar to brief project description
below). The irrigated agro-ecological systerns project has been developed into a project
proposal which is on-hold whilstthis scoping study is conducted. A more detailed project
proposal has notbeeiideveloped forthenaturalecosyst^nsproject component

The proposed Program Structirre was:

F^g"re3. Z: 1'1, .o8r"", Sir"cmrejbrthefte"tows!I, Pi. qposedDD}'i. dyed

Near SurfacelProcesses
Coordinated research linked by stanfordised approaches, focal study
sites andjointmanagement

Natural Ecosystemrs
Project

Outcomes

. Quantification ofDD in important agriculturelsystems

. Practices to optimieemanagementofDD

. More GEticientuse of water in agriculturelsystenis

. Reduced off-siteimpacts

. Improved regional hydrologyto meettargets

. Community involvement in ICM

DrylandAgro-
ECosysteius Project

Supporting Education andAdoption Programs
. Existing State Frog^

Irrigated Agro-
Ecosystems Project



Miniintsing Drainage'from Irrigated Agricu fura yProject 3.
New South Wales and Southern Queensland
I

OSalisthelrrigatedAgro-ecosysternsprojecto eao ^ ,This proposal is themig" .. g" fth cRDcinthejntdj990'sandthG
this proposalwasftierecogriitionbyBrian earnO ,_.,__.,. ch,hi, ,ro, ,, ajwasftieTGCOglli y ,, I^~c~Tjj, ^reviewedrelevantresearch'sproPO enedbtheACCt^~C\*'inchreviewedtelevantresearch

an4culminae '' b it, ACCRcworkingGroupwittimernbershipfi. omQDNR,
NSW Agriculture, CSIRO an
Sydney

Theprojectlogicfbrtheirrigatedagi'o-6coogic sysern :
Fig"re3.2: PrqjectLogicforthePre, ,towsb, ,'topose rqjec

I. DDamdOtherWaterBalanceComponentsMeasure y
. 3 keysites

DD meas^ using Iysimeters
indirect methods for estimatingDD evaliiated
Sites characterised (sons, managemen^ goundwater)
Ra id appraisal methods for soilcharacterisation e un
Groundwaterrespoxises to rainfoU and inigation monitore
Paired native vegetation site at each key site

.

.

.

.

.

.

in Northern

2. DID Estimated Elsewhere
. 6satemtesites
. indirectmethods
. native vegetation site
. sites characterised

3. coinpuer dT .conductivity
' act of increasing water quality on soilconductivity

.

.

4. SCO e Agricultural Systemsfor Reducing DD
. usevalidatedmodels
. in utresults from State WUEPrograms

The projectis proposed to be implemented over y

5. F' in Trials of Most Promising AgricultiiralSystems
. inputresults into WUE Frograus



Project4. WholeFarmlrrigatio, Il!:fficiencyProject

The Cotton RDC funded this project conducted by PanlDalton from 1998-2001. The ro'ect
evaluated water use efficiency at a farm level and found farm efliciencies of 30% to 759',
with waterstorage efliciencies of 50% to 80%, distribution Ginciencies of 80 to 95% and field
application efficiencies of 50% to 95%. The project~ars6' investigated best management
practices to improve on-farm water use efficiency.

Projects: Regional groundwatermode"ingthelowerNamoiVamey

The UTS (Merrick) has been undertaking regional groundwatermodelling of the lower Namoi
Valley over the last two decades. A 3-1ayer model' (the shallow layer is 3040in hick)
balances groundwater inputs (recharge) with gr'oundwater outputs (gr'oundwater flow,
discharge to streams/water bodies and goundwater abstractions) and change in storage as
mea^ed by monitoring bores.

The currant recharge rates used in the model are significantly lower than the biglier, more
recently measured DD. Possible explanations include watertable perching not identified b
the monitoring, a different balance of dryland to jingation induced DD or incorrect recent
estimates ofDD. Reconciliation of these differences firougli more intensive modelling and
observations is important to meet the needs of the drivers for DD infonnation previousl
identified.

Project6. Water Leakage from DrylandAgric"jinre-Measurement and Solutions

This projectis fluided for 3 years by the GnuC and approximately corresponds to the dryland
600-systcois project described above. Similar to the jingated ecosysterns proposal, tins
project will measure all components of the water balance rather than the more common
practice of measuring some of the components and then estimating DD by difference.

The objectives of the project are to:

I. Measure drainage below the root zone directly and compare with indirect methods
(solutes, modelling and dramagemeter etc) on clay soils under dryland agricultiire.
improve capabilities for direct and indirect determination of deep drainage and prediction
of water balance on claysoils, including estimation of associated uncertainty.

3. Assess the relative risk of excessive drainage for different dryland fuming syst^ns and
soils, and propose managernentsolutions.

Expected project outputs are:

I. Drainage and water balance quaritified, by direct and indirect methods, for contrasting
practices (eg. fallows v. perennials) on cracking clay soils.

2. Drainage risk assessment for fanning systein/soilcombinations in Qld MDB.
3. interpretation of project results and colluiiunication to different audiences, especially

growers and governments

2.



Therearetwocomponents-of the project;One ,, df, rtheirrigatGd
methodologies areS"'ar ' 9' twosoiitypeswittifallow, perenni^I.

ff. Hdroeologicalmonitoringand ino6 ing. i '~~P -ts. o1vedwithrunoff. HydrogeologicalmOnitOTingan in ,b theunfitsinvOIV6dwith

the end-of-valley target work.
ProjectSustainable Grazing SystemsProject 7.

MeatandLivestockAustralja(with supportfuiiding. 0' ,dth, sustainabilityM, ,t and Livestock Au''''''' (wi ' " Th ,,. ect has investigated the sustainability"' V6rthepast4-5years. The projecthaSinV6Sj'g kti ajinitiativeoverthepast4-5years. ThePTqi ,t thenvestocknationalinitiative overthepast4-5yearS- , ,,,,, ttottjelivestoCknational initiat'''.' . ais, bio-diversity)seentobeimportaiittotlieliyestoc
indu^t;y" " - Nsw(wagga, Taniworth, Carcoor). Treatrnentsirjcconditions). Three sites are in NSW Ovagga, Taniwo ,.

'GCtincludedwaterbalancemeasurernentSatG^-Ch^i'' ti, edataarldits
directl (inferred by difference). ASOjl. water inO G is g , ,, atft, ,, tartoftiiGdirectly(inferred by difference)- A'"""' lit h, ,, designed at friestartO'th'

The pro^C '" t alehdroiogicalstudiGs. TheMLAP'rogr'am allgalblandreievanttocatchnientscalehydrologic ti, ,studiestovaluable andrelevanttocatChnlGntSC G y DDft. ,inthesestochestO
believes that the MLA would consi
satisfy the industry's needs.

Sustainable Grain & Grazing SystemsProject 8.

roc, MLA, AustralianWoollnnovaonan dcersinthG
d 10 merit program targeting the needs o grains,developmentprogramtargeting enG ' themanage-

Project9. The LandmarkFroject

MDB. Its objective is to identify thenGadfOrla;Idus' an , I d regions of th'MDB. Its objective is to identify " '' d or, d landregionsOfthG
investigate policy responses o
MDB.

TheresearchisbasedaroundidentifyingthG. Cull^' , andpracticesand,The research is based around identifying '. ' .. ,it, ,,, land us, , and practices and,
(cropping andgr. azing), investigating fries11stamaj'y -tyt, enhancedIG,,,,,, in, and, j-azing), inv''"g" ' . d, ,ty and the conarnuiiity to enhance the

S Id ae. 'file3-yearprOjGCtCoirunencedjnmulercroppinglandscape. 'file3-yearprojec ,
betweentheprojectand e p

for Australian Landscapes ^. AAL)Pro^Ct 10. RedesigningAgriculture



This project was a joint 6 year initiative between LWRRDC and CSRO which Ii ' h d I
first phase in 2000. The project focussed on water (including DD) and nutrients in d land
agriculture and naturalsysterns at 3 sites (2 illWA and one at Wagga). The project worked at
the point/paddock scale and used some of the modelling approaches (eg. AFSIM) currentl
used in the NMDB. One of the issues involved was the scalingu of resultsto tInn
scale. Future directions (whether there should be a Phase 2 for instance) are under
consideration. ~~~~

Project 11. Heartlands

Heartlandsis aMDBC, CSRO andNSWand Victorian govermnent a encies and I
Catchment Managernent Authorities/Boards project conducted at 2 dryland sites in northern
Victoria and 2 drylarid sites in southernNew South Wales. It coin rises R&D 'th t t d
on-ground works. The project objectives are to:

. Develop new systerns of landusethat are more resource efficient than current ractic

. Deliver spatial landscape design strategies that provide multiple environmental benefits
and are socially acceptsble.

. Understand the social and econonxic mechanisms and impediments associated 'till d
use change.

. Identify policy instruments or strategies to help achieve implernentation of the necess
land use change strategies.

. Verify the effectiveriess of the landscape designstrategies through long-term monitorin
of catchnient function.

. Supportaridf;ICilitateimplernentationoftheabovelandscapedesi strate 'es.

. Design and supportimplernentation of adaptive catchmeiitmanagerneiit rocesses.

AprROACnnS FOR MBASURmG AND ESTllvlAT^G DEEP DRAINAGE AND WATER
BALANCE

DD is difficult to measure for a variety of reasons including field variability (soil, as ect,
slope, surface depressions, land cover, areal and tomporalraliifall, etc), it is generalI onI ;
small part of the overall water balance and most ifnot all methodolo 'es have I' 'tati
For this reason a range of approaches are otterjused. The main mettiodolo 'es rel tt
estimating DD and catchment impacts are:

a. L2:^!^ whichprovideadirectmeasureofDD.
b.

3.2

1:1^i^^ of estimating DD include soilsoluteprofile analysis, mass balances, d
tracer studies.

C. Water flux below rootzone can be estimated from blowled dineasurernents of the
hydraulic gradient and estimated soilproperties below the rootzone.
Water Balance- field. Ramfall, irrigation, rimoff; and eva trails hation are me d
and DD estimated by difference. The problern with tins a Toach is that ft th
magnitude of DD is less than the error of measurement of other wate bai
components.

d.



e. I^I^t^L-^^!"-~~~ d Is whichcontainwaterforextendedperiodsand
eresentpossibleconceritratedsources. ofDD. _._

I^^^^-^-^!""" h aremoresigriificantthanlocal/fieldrecharge.
d Electro-ina etic methods for deterInitting soi,

h drogeological conditions are often (EM methodsjiised to e i^ea ehydrogeolOgiCal""""' .- belrsedtoinfersoiVsedimGnttypGhydrogeoOg"' d me conditionscanbeusedtoinfersoiVsedimenttypethe soilor deeper strata andundersome conditions can e
d identify aquifers. Extensive ground-muffling and cal'

f.

g.

methods. I
Coinutermodelsofsaltandwatermovernentin ero ,

ititOUgliandbeyondtheunsaturatedrootzone. inIPmO^ing P'. ado-itito^gllan 'y' ,, I h j, ajpropertjestoinfersoilhydrauljcpropertjes(pad, .ladvel Gasil measured soilphysicalproperties to in ersoi yrelativelyGasjym ff betweensoiltypGS-
. Monitoring watertables and groundwater eve pGroundWatGrRGSnS6. MonitoringWatG GSan toal,

measureofthegroundwaterbalancearidwheers thmeasureOf 'g" ' b 'ficantthne(eg. Soyears)howeverbeforetiiere
is awatertable response mseini-add climates an w ere

of 30 computer models that simulate santaeof30COmPU' dj. 'njesemodelsiricludespatialdistributions
"' ,h dr, 0010gy. DDfordjfferentlanduses^Ibeamodeljnpjjt(eg. from
field Gasuranents) oranoutput(assumed values which are an
results calibreted agriinst groundwater behaviour).
CatchinentModelsofsurfaceandsubsurfaceflow p'
atticular, locallateralflowjsanimportaritdetenninanO d,

theapportionmen' fth oundwatGrSyStern.

River Basin surface flow Toufui models. These ino e s Tou

systems. Themodels(eg. theNSWIQQM)are being exten " ,
so that water quality targets can bedeve op an ev ua

Virtually allmeftiods suffer from probierns of variabilit\(Soi, asp , ' ,, 'ad, n
VGr, distribution of aqujfisrsetc)whichresultstounCGrtainty' '' : . . ,d. There
sensitivity analysis isrequiredto decidethelevelofmeasurem p "
appearstobeftiene ormoreo

ADOPTINGACATCERIEllTCONTEXTFORR, D&E3.3

It'stinortantthatDDandwaterbalanceR&Displac man d
that the work delivers sufficient infonnation and in a onn
exploration of:

. Current processes and trends.

h.

I.

I-

k.

I.



impacts of management'options on catchmeni outcomes (water quality and quantity,
landscape condition).

. Impacts of management options on econom'ic and social conditions.

. Targeting effort to where risk is bigliest and benefit gi. eatest.

A simplified diagram showing these interactions is given-ill-Figure 3.3

Fig"re3.3: C"tcfome"t Co"textforR, D &E

L

Changed Land and Water Resource
Managementsce, ,. nos

CatchmentBio-physical Conditions
- Uplands agriculture (dryland)
- Phi"^ agriculture (irrigation dryland)
- Uplands forests
- Plains forests

With the exception of the 'Catchme"t Modelli"g of SoftLo@ds, and &mini^, Hcz@rd' project,
none of the projects investigated scorned to have attompted an overall and hitegi. ated
catchinent fbcus to identify and prioritise effort. Fertilemiore from the discussions held and
infonnation reviewed there does riotseem to be an overall catchment framework used to drive

and coordinate R&D Frogr. ams and initiatives to ensure that a concerted and coordinated
effort is taking place across all importantR&D issues.

Past and current R&D tondsto focus on one or other of these systoni components (principalIy
the current agriculture and land management scenario aspects) with litnited consideration of
interactions with other components or overall systern behaviour. This in effect, assumes a
presumed priority R&D and where solutions linglit lie, rather than a systernatic analysis of
need. This reflects the perspective provided in several interviews which referred to R&D
being largely supply (researcher) rather than damand (user) driven or a balance between the

involvement of researchers is important for early problern identification andtwo.

specification. Input from users is important to ensure a focus on the most promising and
beneficial areas ofR&D to users, and to strengthen the links between R&D and, application
and implementation.

Land and Water Use

- Agricultureland catchnientproduction
-ImpactsonDD andrunofE

CatchmentOutcomes

Surfoce netsr^tityand quantity
Groundwaterqualityand quantity

Flowonlmpacts
ecosystem condition
agriciiltore
infraetructore



ATguablyanimproVGdStrat6gi""S fth sstemintOitSS'Par"'
systemaPP' d archersagi'Gemgthedetailedneedsandstudies. s'

initia sage d'nationof investrnentbyfiinders, andenableanalys'
Of investrnentoptionstotargetinvestrnen- 'f ti
attempttomap R&D need in

3.4 CoordinationIssues

interviewssuggestedthatthereisasigiiicarltamOun frmal
,, land/dryiand parts of Cat'""'ts' dj bib, a be funded by anumber Of

crossmcoibership. moreonn adstr-ate'cfbCusan'

coordination of the work, gr. eater
application of the research.

"tiativesareunderway. NSWDLWChasapproac QTwocoordiriathigirittiativesareunerwa- hesbeinusGd
unNREwiththeirjtentjonofcollaboratingandsharillgirl dllin,

dvelocatchmenttargetsaridassociatedcomputermo .g ,todevelopCatChmGnttargGtsaridaSSOCiat CornpUGT ,adto
ASO, , ' dGraziriSystonisprojectreferredtoabove.

tion R&D there is relatively little R&D activity. Is i
the OSsiblerisksandimpljcationsomrrnga th I'mB,

itI t o dwatersaniiities are often high(sea water quality) msuqh regionsindicates that groundwatersaljjjitiesareoftenhigh. seaWaGr^' ' I dinduced
bigii, inigation induced salimsation of '
satinitty.

be amajorissue as there is onlyC ordination for irrigation R&D in the NMDB is i e y o
one industry involved.

A ber of interviewees cited the need for better COOT i.
'Cotton Pesticides Program' as providing an excel Grit coor

3.5CONCLusioN ..

t effective earls of compilation would be by con ac ' g. '.themOSteffectjvemeansofcompjlationwoU G y .. th 616vantthemOSteffeCtiVGmeanSO" dd't' antiierearGrGIGVantto dateorcomprehensive. A iion y

t be considered to be R&D by the project manager
databases.



There are a number of significant*DD/water balance R&D initiatives in the NMDB
investigating upland dryland catchments andcoordination was said to be a major issue here.
A number of intervieweesindicated that was a need to ensure that the various R, D&E eff6rtS
at a catchment scale were better coordinated and integrated. A1thouglithere do not appear to
be good ^Jnnal coordinating mechanisms, the limitted number of researchers and their
networks means that there is reasonable awareness of projeets-.

Coordination ofDD/water balance R&D for the irrigated parts of catchnients appears to' be
much less problcoiatic and simpler as there is only the one significant inigated industry and a
very small gi'oup ofresearchers. R&D into DD and irrigated systerns forthe N^B has been
relatively. small and, as for the dryland effort, an overallbigpicture and how the pieces will fit
together is not apparent.

From the limitted discussions held, there does not appear to be any mechanism for integrating
R&D so that catchment scale impacts can be objectiveIy evaluated. This is important as a
amrentpamdigiiappearsto be that recharge from agi. iantoralsysteins should mimic recharge
under natoral systerns. The danger of tits approach is that it is unlikely to result in the best
patomting landscapes if the full muge of environmental services or community needs are
considered.

Community objectives for catchmerits will vary from catchinentto catchment according to
local conditions. For example msome catchinents the objective may be to reduce DD and
saniiity, in others it Twiglit be to martinise the amount of good quality runoft; whilstin others
it maybe to increase good quality groundwaterstorage for stream basefiow orreuse.

Researchers from the SGS projecthave indicated that theirresults show that it is feasible to be
desigixing landscapes in this way.



R&D NEEDS; GAPS &DEEP DRAINAGEIDENTIFICATION OF
PRIORITIES

I EarlFICATIONOIFTECBNICALSTUDYAIU3AS4.1

titi the keyDDandwaterbalancereae s qThi, chapter identifies th"^y -d ,-fl, d(tina. ^tej2)andprovidesaprelintinaryThis chapter""ti^' ' -' I identified(tin6. ^t6i2)andprovidesaprelintinary
noritisation of these technical study areas.

Fi re 4.1 shows the approach used to identify theseR&D stii y
cmdP, .fontsi, , R&DNeedsthen rocch orrde"tii"Fi re4. I: Open, fewo

priority. !" dj 'ficanceofthesalimityproblem
. Implementation of State Water Reform Legislation
. EndofValleySalinityTargets
. CatchrnentHealtiiTargets

Water Use Efficiency
Ve etationRetention and Revegetation
Regional satinity planning

. GroundwaterPollution

.

.

.

Desirable Outcome

1<nowledge/Information Need

MethodologicalOptioms and Needs

fti d 'rable outcomes, mechanisms for achieving
Figure4-2P""'ts' d tod areasfbreachofthePriotitydriverspreviousychange, infonnation requirerne
identified.

Identification and Prioritisatiom
ofR&D StudyAreas



Figure4.2: Or, tcomes, Inform@tio, ,Reqr, ireme"ts@"dRe!ctedSt"d' P ' '
PRIORITY DESIRABLEOurCOMlSANDMEcnANiSM WATER/DDINFORMATIONREQUIREllyiENTSDRIVER
I. Outcome

.. informationNeedEFFECrlVE
erqualityimpactsavoided. . DDTisktbrdift'orentsoiltypes, land , "IMPLEh, IENTA

and climatic conditionsTION Farm Land and Water Management PlansOF

. Groundwaterlevels and changeWATERACrS which avoid land and water degradation . Groundwatersalinttyrequire official approval. Information Product

. Salimtyhazard/risk maps for parcels of land.

2.

END AND IN-
VALLEY

SALINITY

TARGETS

Outcome

Agreed salinity targets setfbr rivers.
Mechanism

Salinity targets will be set using a suite
of computer models ranging from I-D.
2-D, catchnient and flow routing
models.

futile longer tenn targets will be set on
the basis of asset values

Information Need

Surface water (quantity and quality) accessions to and
from streams in uplands and plains areas.
DD rates at well characterised sites for model
calibration.

. Characterisation of catchment LIVID's and groundwater
systems so that models can represent nowprocesses

. Groundwaterintlows to and from sorts. CG water bodies.
n momgement practices and options

Information Product

. Tar ets a eed and monitored forgelected sites.Outcome
Catchmets normatlonNeed I. AGCorateDD
(sanntty) aC. on an an. Catchinentsaltandwaterbajarjce 2. Prediction ofDD^differentLMU',scenarios. ns,

land uses and climate.Mechanism
. Hydrogeologyaridsurface hydrologyofcatchinents.Agreed water balance developed . DD rates for different LilylU's, crops and climatecatchments and monitored. Information Product

. Means of achieving water balance Catchment health indicators (eg based on desigyagreed.
rechar e a eedaiIdmonitoredOutcome

Information Need
Effective Regional Salinity Management . Catchmentsalt and water balance scenarios.

.

3.

CATCHMENr
HEALTH
TARGETS

o

4.

REGIONAL

.

.

DDRELATEDSTUDIEs

AGCurete measurement of DD for specific
soiltypes.
Rapid appraisal of soiltypes.
Capacity to predict DD for different soil
types, land use, water qualities and climate
including sensitivity analysis/importance
of input parameters.

4. Groundwater conditions (depth and
satinity)
Groundwater modellinking DD to change
in watertable level and risk of shallow
watertables develo in

I. AGCorate estimates ofDD for characterised,
sites

2. Calibreted soil-water models.
Rapid Appraisal Methodologies for3.

catchment characterisation at an LMU
level.

I.

2.

3.

,

for

.

5.

4. Models linking surface water and
groundwaterbehaviou{

5. Routing of surface w^ter and salt flows
throughcatchments. '

,

I. AGCorate DD measurements.
2. Predict DD for different LMU's.



PRIORITY
DRIVER

SALiNITY

PLANNING

WATER/DDINroRMATioNREQUiRElvmNrs

. Caromnenthydrogeology, surface hydrology.Plans

. DD rates for LMU's, crops and climateMechanism

Communities develop plans which identify . Innovative land use options which reduce DD to
sustainable levelssustainable land use practices and include

Information Productmechanisms to achieve land use change.
. Salimty hazard and riskmaps

DESIRABLEOUTCOMEANDMECHANISM

5.

IMPROVING

will^

Outcome

Water being used with high Wire to
achieve econoiriic and environmental
outcomes

Mechanism

WLiE Programs that clearly identify
efficient practise that are adopted by
water users

Information NeedOutcome for different LlvlU's with and. Data identifying DDNative vegetation retained for satinity
withoutnative vegetationmitigation as wellas bio-diversity value.

Information ProductMechanism
. Native Vegetation PlantsNative vegetation plans developed which

includesanal reventionob'Gotives.
information NeedOutcome for different LMU's with and. Data identifying DDRevegetation targeted to high impact parts

without native vegetationof catchiiients

Mechanism InformationProduct
Programs (including GAP, Tender . Salirittyimpactmap identifying LML}'s were CGp
approaches etc) specify high impact zones rooted vegetation most beneficial.
forteve etation

information NeedOutcome
. DD rates for different soils and practicesLong tenn groundwater quality protected
. PollutantmobilityMechanism
. Identification of groundwaterresourcesExtensionPrograms
information ProductDeclaration of protection zones
. Blvre's

6.
NATIVE
VEGETATION

RETENriON

7.

TARGETING
REVEGETATl
ON

Information Need
. Farm system efficiency studies identifying DD from

fields, channels, storages. runofflosses.
. Management approaches to reduce DD and mmoff

losses.
Information Product
. BlvlPManual

8.

GROUNDWAT
ER

POLLUTION

DDRELATEDSTUDiES

Rapid appraisal catchment characterisation
Estimation of soil sannities and hence
economic and environmental impacts

andInnovative management practices
options to reduceDD.
Hydrogeological models evaluating
development of shallow watertables.
Water and saltroutiti tlirou h catchinents.7.

I. Farm water balances which identify where
losses are occurring

Irrigation practices which reduce DD
losses and manage salt inputs.
Soil-water models for gaming of
management options.

3.
4.

5,

6.

2.

3.

I. Measurement and modelling ofDD under
native vegetation, alternative land uses
and different LMU's.

2. Catchment characterisation linking DD
from differentlarid use to saliriity risk .

I. Measurement and ino GIIing ofDD under
native vegetation, alemative land uses
and differentLMU's. '
Catchment charscterisation linking DD2.
from different land use to saliriity risk

I.

2.

DD rates from differentland uses
Pollutants ICaching hazard

,



4.2

The studies that could be undertaken by DD'/ Water Balance program are consolidated here
by grouping and linking the possible studies identified from the above analysis. Figure 4.3
shows the DD related studies identified in Figure 4.2 with a brief description of some more
immediate outputs. A sunuiiary list of projects together with a prelirniriary prioritisation is
provided (Figure 4.4).

APPRAISALOFTECHNiCALSTUDYAREAs

Fi "re4.3: DD/,,.'"terB"lancesindies @"dtfoeirRel"ti@,, shi tornori Drivers
Purpose/OutputsDD Related Studies Priority

Driver
Bold

> nori

1, 2, 3, 4,
5, 6, 7, 8

Irrigation Dryland
Catchn, ents

I. Direct and indirect measurement . Measurement ofDDrates for amrige of soiltypes.
ofDD for characterised sites . Calibration ofDDmodels.

. Refirrement ofpedo-hangfoi' functions including the
act of saline water onh draulic rties.

2. Development and application of . Predict DD for differentsoiltypes, inU's and land I, 2, 3, 4,
adequate rootzonesoil-water-solute use/management 5,6, 7, 8
models . imputinto sannttyha7arrlmaps and LWAIP.

. investigation of riskofgoundwaterpollution

. Gaming of in^ringementoptions

. Sensitivity testing to identify degree of accumcy
uired of soilmeasurements

3. Rapidappraisalofsoiltypesand . Rapid identification of soil types for model I, 2,3, 4,
catchnient hydro geological application. 5, 6, 7, 8
characteristics o Rapid clmyacterisation of catchnient hydrogeology

(aquifors, salinity) for input into models and sumty
1,272, rd S

. Determine DD from form water foatures other than I, 2, 3, 4,
fields (eg. storages) 5

. Develop approach for estin^ting DD ha7nrd for non
field I^atores

. Iden ' o tionstoneduseDDfromfoatures
5. Watertable conditions/ . inputintoealinityhazardmaps 1, 2, 3, 4,
monitoring (depth and dimly) duntermodels 5,6,7, 8. Monitorin trends call>ration of

6. Field trials of attractive options . Field test most attractive management options I, 2,3, 4,
identified from 5, 8

7. Landscapemodelwitheconomic . Detormine the most economicaly attractive 3,4,5
impacts of sannttynand use change inane emento tions.

8. Routing of surface water and salt . Develop endofvaUeyandinvaUey, argets
flowsthroughcatchments . Mane ecatchmentsaltandwaterbalances
PlainsAreas irriation/ land

and

4. DD from storages, channels etc,

9. 3-Deroundwatermodelofplg, iris impact ofDD from different unU's and land uses I, 2, 3, 4,
(including storages etc) on groundnutsr rise/full and 5, 6, 7, 8
eventiialsaltdisc etostreams/rootzone

area

1.1 landsD landCatchments

10. Construct and apply 2-D/3-D . Allowfbrlateralflowsincurrentrootzonemodels.
models

Nativev etation & afforestation
I I. DD measurement at
characterised sites

.

Measurement of DDTates for amrige of soiltypes. and 3,4, 6, 7
ERIU's

Calibration of models so that renegetation can be
tar ated.

I, 2,3,4,5

2, 3, 4, 6,
7



E h of the study'tireas was appraised subjective y again
'Theotentialbenefjtsofaddressjngtheissu. 6thTough , of the'

'fulladotion). This criteriatakesjntoaccountf^ctOrSSU' ' hhasandfiilladoption). This ctiterjatakesinto. aCCOU!I ^C'' , it, th, researchhaSandfi, 11adoption). Th'' '"!"' ti, inR, D&E, whether theresearchhas' dus affected, the potential costsofnotinvesing. , .,industry affected, the potential costsofnotinVGSingl , .' R, D&E.industryaffected, thepotentiacostsO ,finvestininR, ""

.Thlikelihoodofresearchsuccess. This criteriaco ,
the research, the track record of researc er ,Onductingtheresearch, the trackrecordOT6Se , f

research' factorsirifluencingsuccess, an ,

assessing the principal adoption barriers,
(timerlevel), experiencewithsiintlarprojects, an ero

relirninaryanalysisbasedonthecoiisultaiits esiUg d 'tisationaptelirninaryanalysisaseonG andprioritisatiOn

rocedures with scientific specialists imparticu ar.
Pro^CtFriorities11"@! sis oFi re4.4: fiati", inc

Study Area

Plains and 1.1 lands Catch, merits
I. Direct and indirect measurement
ofDD for characterised sites
2. Development of adequate
rootzone soil-water-solute models
3. Rapid appraisal of site catchments 5
(soiltypes and catchmerit hydro I
geologicalcharacteristics) 2

4. DD from store co, channels etc,
5. Watertable conditions/
monitorin d thandsalini
6. Field trials of attractive o tions
7. Landscape model with economic
impacts of satinitynanduse change

flows 38. Routhig of salt and water
through catchments

PlainsAreas irriation/ land
9. 3-D/2-D intensive groundwater
modelofselected irrigation areas.

U landsD landCatchments
10. Construct and apply 2-D/3-D 2
models

Native ve etation & afforestation
at 4DD measurementI I .

characterised sites

^
a,

ea

. GP
C,

co

.

^

Comment

4 4

4

4

4

Methodologies reasonably established, althoug
a tication invertosols will be difi5cult
Methodologiese^ fresults.
High benefits if it can be used to determine so type o
modelling studies (5) but success considered to be low ( ).
Use ofEM for satinity and aquifbi. identification seems o.

err established technology elsewhere. Mom anp 'ca '
in this project is to characterise study sites.
identification& 'justification ofou uts re ume .
Further information and measurement of this is nee e
There is an urgent need to reconcile differences in res
from un 'b understood.
Useful approach for integrating approach into a
fonte for planning purposes. One input into p ' g

10 ^ are well developed q00M) although saltMethodologies are well developed q00M) although saltd to NunBbein added and model adapted to NunB
catchments. NSW, Idand^^inDBC usodin swo

Need to reconcile differences in DD from goun mm 61
modelsvssoi yOgy b. 'o001scale.

Governments are making majorinvesmments in ^
so benefit of additional mycomment low

amilst otential benefits are high decisions are sal
stilldrivenb liticsandeconomics

4

2 4

4

5

3
4

2

4

2

2

2

4

2

3

4 4

5 4 4

3 5

3 2



4.3

The previous analysis identified and prioritised a range of possible technical studies that could-.
be further developed.

Important findings are:

CONCLUSION

. There are significant public and private benefits from funding R&D into delivering better
estimates ofDD and then applying the results to produce products such as sannity hazard
maps across catchmeiits, saltload estimates and water quality targets, catchment and land
and water managernontplaits, native vegetation retention and clearing plans.

. A bigli priority should be given to appraising and further developing past groundwater
modelling to:

reconcile differences between DD estimated from currant gi'oundwater models and
onergingDD and water balance field meusurernents.

assist identification of the best myGsm^Grit options for R&D, works and measures.
This is likely to conclude that more detailed groundwater modelling at a district scale
is required to appreciate the hazard of shallow watertables (and salimty outcrops)
developing, and the intonations and connectivity between watchables, aquifisrs and
surface water bodies including deeply incised rivers.

develop and field test models which can adequately simulate water and saltmovanent
in vatosols including where there are other 'peculiar' characteristics such as paleo-
charmels and slickerIsides as well as episodic recharge events.

. Nthougli development of agr. eed methodologies to deterIntrie end-0^-valley targets is a
veryhiglipriority, investrnentby the MDBC, NSW and Queensland governmentsin tins is
already substantial and fociissed. Other investors are probably best to consider other
invesinient opportunities.

. There appears to be a significant number of projects dealing with DD in one fomi or
another in Upland (dryland) situations. Before considering flirtherR&D investoieiit inithis
area there is a need to firstly identify and then appraise all of tins work from a catchineiit,
gaps and likely benefits perspective, and to consider strengthening formal coordination
amangamerIts.

. The benefits of investinent in further developing radio-metric and electro-magnetic
methodologies of sannity, aquift3r and soiltype appraisals needs futiler development by
technical specialists. Application ofEM methodologies appears to be routine elsewhere
and the benefits/success aspects of further R&D are hard to judge. Organisations such as.
BRS, are active in the area and DLWC apparently uses EM approaches routinely. The
main application of this projectis assisting inchamcterisirig the field study sites.

. There is an urgent need for modelling studies'to routinely evaluate uncertainty and
sensitivity of modelled results (perhaps there should be 'nationalstandard' of reporting) so
as to focus in on the most crucial input infomiation. There is a bigli uncertainty in naturel
systerns (soil, hydrogeology, areal and temporal distribution of rainfall, aspect, slope, land
cover etc) and consequently there is scepticism of modelled results which are often not
calibreted to field behaviour.

^

^



FUTUREDIRECTIONSANDIMPLEMENTA

PROGRAMSTRUCTURIBANDF'ROPOSAL'5.1

fdriversforR&Datarangeofscalesincludingcac ,. ,AwiderangeofdriversforR&DatarangGO -d. atedthatthGTG
d taralveetationsystemswerereviewedintliisTGPO d beand, ,taraivegetatiOnSy' bin tfi-alit^\;^6rksothatR&Dneedscanbe

wo G .. d d, information andproblemsshared. This amew'd tified, noritised, analysedand, information .p
would alsoprovidegtiidancetoimprove co

Theproposedprogr'amSumCttirGiSPT""' ,ll ', ctcooTdiriat"'atth'h 3serni-independentsub-programGlemGDtswi d'CSedin'

following section.

5.

The tiltee sub-progr'ams are:

Sub-Programl: tiplandsLandscapes:
Thissub-progi. amhastyodenverables. f

Measur^nent and prediction of DD from an us
Ulandlandscapesand, using s Onna Id'IudebOtt'

Itural and forest (natural and reafforested). Other app i
into vegetation and salirittymanagernen p

' ProvisionofDDesthnatesrequjredbycatc enS gr f
redict catchinent impacts of changed DD an po

landscapedesigricomponent or

Theftstofthesedeliverablesislargelyunderwayin the, forests'TheftstofthesedeliverablesisargeyunG andj, the'forests'
aswellasstateagencyprojectsalftiougliftieremaybGi" ' BC rid. of-valleyan',, weiiasstat^agency P''i d , fi, theNsw, Qidandl. ^inBCGnd-of-valleyand

in-v y .g d d, ,that the approachiscomprehensjvean
adequate, and that connection is ina e e
groundwater modelling.

ItshouldbenOtGdthatW ' "' .. ar^alitR&DinVGStD^Gri'atItshou 600' t of activityandwouldnotwar^alitR&Dinvestn^Grita
this stage.

Sub-Program2: Plains(irrigation anddryland) an p :
This SIIb- rogram is the main area in need of ad mon

the VariousaudjtsofsalinjtyappeartohavefoCUSS P ts fi. in sadnity
atton.

tiledeveopmGn' aredtootherlandUSGS.
impact of irrigation on



limited measurements ofDD under irrigation are indicating DD rates c6uld be much higher
than previously considered.

there is a likelihood that groundwatersalinities in these more add zones will be higli and so
saniiity impacts may be severe on land and water resources should shallow watertables
develop.

. the cracking nature of vatosols pose special challenges for field measurement and
computer modelling of DD. This will necessitate development of new and innovative
approaches with a strongscienceunderpirming

The studies required in his sub-program are:

(i) Sub-regional groundwatermodelling in the valleys where itfigation occurs to evaluate:
differences between DD meuseronients and previous estimates fromany

goundwater modelling and watertablebehaviour.

the impacts on land and water conditions ifshallow watertables develop.

DD from a muge of land uses in the zone including irrigated agr'jailture, dryland
cropping, andpasture and forests (native andreafforested).

gi'oundwater managernont options (necessary reductions in DD, gr'o1mdwater
pumping).

sensitivity of results so that R&D is directed to the most likely productive
infomiationneeds.

*

(ii)

-..---

Meusurernent andprediction ofDD to:

estimate DD from a range of land uses and LMU including inigated agriculture,
dryland cropping, andpasture and forests(native and realforested).

provide input into hazard and risk maps of salimty (these maybe prepared as part
of sub-program 3 butthis needsto be confirmed and acornmitoient obtained).

enable gaming of altoniative managernent options and the identification of better
maniag^nent practices.

undertake sensitivity testing of results so that R&D is directed to the most mudal
infonnation needs.

input infonnation to primiary users (goveLiui, cot policy and the ittigation
industry) andinto land andwatermanag^nontplaiis and salinityhazardmapping.

Sub-Froga, in 3: Catch, ,, erut Scale:

This work amiis to establish the risk of land and watersalimsation by developing and applying
models of surface and subsirrface hydrology to set, monitor and refine end-of-valley and in-
valley water quality targets. All added component of this sub-progi'am will be to develop in
partnership with other sub-progi. ams, catchmerit scalemaps of salinttyh, ,7nrd and risk.

This work is underway as part of the NSW, Qld and MDBC end-of-valley target setting
ittitiative. 'There is a need to ensure that there is consistency and infonnation
interchangeability between this work and the other 2 sub-programs. imparticular the other 2
sub-progi'inns should provide oredible, field'tested DD infonnation for catchment scale
models.



Fig!, re 5.1: Proposed Program Str, ,ct, ,re

GOAL:

Understand Water Balance and Deep Drainage for Better Catchment
Management in the NorthernMurra. yDarling Basin.

UPLANDSLANDSCAPESSUB-PROGRAMOBJECTrvES:
I. To understand the future scale of land sanntsation.
2. To develop water efficient and profitable agricultural production systems.
3. To provide credible information to satinity hazard mapping and PIaruiing.
4. To provide credible information for vegetation polices and prograrns.
5. To provide CTedible inforrnation for setting of catchrnent health targets.
6. To provide oredible information forthe sustoinable use of groundwater.

CATCERl^NTSCAl, ESCBPROGRAMOBJECTIVES:
I. To understand the scale of watersalinity problems in thenMDB.
2. To contribute to the setting of CTedible end of valley and in-valley water quality targets.

Understanding Deep Drainage and the
Water Balance: To undertake field and
laboratory studies and computer modelling to
understand andpredict the WB 85 DD in VCrtosol
soils.

Effective Achievement of Government Policies/ Satinity Managed EffectiveIy I Profitable Agricu ure

.

.

.

.

.

.

.

.

.

.

Designing Solutions andResponses:
Using field studies and computer-based simulations,
identify, design and testsolutions to reduce DD to within
the assiinilative capacity of groundwatersystems.

PLAINSLANDSCAPESSUB. PROGRAMOBJECTIVES:
I. To understand the future scale of land sannisation.
2. To develop water efficient and profitable agriculttiralproduction systems.
3. To provide CTedible infonnation to saniiity hazard mapping and planning.
4. To provide oredible infonnation for vegetation polices and programs.
5. To provide credible information for setting of catchment health targets.
6. To provide CTCdible information for the sustainable use of groundwater.

.

.

.

OUTcolviEs

Delivery to Stakeholders:
To develop products and mechanismsso that
Program findings are adopted by primary
clients,





RELATIONSHIPBETWEENFROJECTSAND T52

identified in Figure 4.4 the projects broadlyThe relationship between the study areas
described in Appendix 6 are as follows.

Pro^CtS gridst"d lire@s:FiI, re5.2: Remito"shi bentee" re 4.4 numberinStud Ar!^^. i
Pro^Ct A endix I. DirectmeasurementofDD
I. Field studies ofWB & DD. 3. Rapidappraisalofsite clamcteristics

6. Field trials of attractive options
11. DD under nativeve etation
2. Devel meritofrootzonesoil-water models
4. DD from formstora co
5. Waterlable monitoring
9. Intensive groundwatermodels (plains)
10. Intensive undwatermodels(u lands
7. Landscapebasedeconomic models of
sannt jin acts andlandusechan e
8. Routing of water andsaltfuough
catchn"Grits

2. Coin utermodels ofDD
3. DD from famineterstora es
4. Sub-catchm. Grit groundwatermodels

5. Evaluation of economics and policies

6. Development of flow andsaltroutingmo e s

^ROGERAMCOORDINATION53

Range of Project Options Considere

stakeholdersWGrGq"""' ' thinorespecialisedagi'iculturalsystemsTojectfbcussedonthecatchmentscale, tlirou^11. to. GinO!"P dweajmessesprojectfbcusSGd". ^". ,, h ' , tjonsinbetw6en. Tilestrengtlisandwealmessesprojec O ,i, , dthemanyoptionsinbetween. Tilestrengtlisandw esProjectfbCussedonirrigationaridthemanyOptiODS" ' ''" ,d. The strengths an'
wealcoesses of these two main options are:

I"tegr@todPrqjectFoc, ,ssedo"theCctc, tine, , c

' dsi'ficantgapsavoided(isolated
' The bigpicture/catchmeritperspectivGiS Gn" ." ,umtR&DneedS).

onleapproac GIIa -btrstoDD-
OA nsistencyinstandards, units, protocolsantGmiSi uiti-
. The a roach maximises the potential for cross- e I

less du Iication and gi'eater cooperation e
researchers. ed.
Research gaps can be more easily identified an a OS

for funding, adoption andd likelihood of success

influencewithstakeholders. d.
Tll OtGntialfOrCOinmunityinVOIVGmGntandunGTSan g ,it
Maximum flexibility in moving resources between su -p gr
higliest return outcomes.

.

.

.

.

.



Weaknesses

. Co-ordination and start-up costs and effort. large and potentially unwieldy.

. A very clear and strong management structure would be needed with formal colluiiitrn6iitS
made by funding bodies.

. The project would be long terni.

. There maybe less individual focus and ownership by bothfiinders and researchers.

. Flexibility to change'adapt direction approach during the project would be more difficult.

. It may be difficult to get all funders committed to the project and so important projects
may be left unfunded. Experience shows that projects dealing with communications and
econonitc aspects often have more difficulty in being funded.

. It is more complicated negotiating alargeprojectwith largebudget.

. More meetings, reviews and 00-0rdiriation required from researchers which could detract
from core research effort.

. More players lead to more agendas and lessindividualownership.

,, gric"It"ratsystemsPrqjectF@c"ssedo, , Irrig@tto"

Benefits

. More focussed R & D formdividualfuiiders withoutresistance to funding genericwork.

. R & D seen to be more directly applicable.

. Managernent and co-ordination is simpler and more transparent for both fonders and
researchers,

. Higlierflexibility and ownership for researchers.

Costs

. Higlipoteiitialfbr important gaps to be nitssed.

. R & D effort could be directed to areas of lower importance without the foundation of the
bigpicture.

. Catchinent perspective could easily be lost ornever appreciated.

. impossible to achieve completepicturewith fragmentedR & D (linkages lost).

. Potential forduplicationwouldbehigli.

. More limited range of skills available from individual fluiders and researchers.

. inconsistentprotocols, standards , toILiis and units probable.

. Profile and community perception not as good (individual fundus seen to be looking after
theirown ageridas).

. Limited flexibility in moving funds between Sub-Programs andprojects.

filter"attveModels

Most stakeholders agreed that DD and water balance R&D needed some fbnn of triteg'ated
approach. Without some co-ordinated and integrated effort, R&D initiis area would not be
fully successful. Most also agreed that a very strong and committed managernont structure
with fomialcoriumitrnents from each funding bodywas essential.

It was also recognised that fluidingbodies would be more likely to commit funds and effort to
those areas or projects within a large program which they see as important to their direct
interests rather than make a contribution to an overallprogram.



ThemodelmostlikelytO'SUCCGG bt .thinacoordinatGdan'Th, modelmOSt 1'y I',, bj, tothembutwitlimacoordjnatedan
concentrating on those areas in
integrated framework.

The Proposed Model

inI amo tionsforimplementingcoordinationo ._.,__ ..

O ti"I. Imp!e", e"t@"dM""@ge"some @rg g

'd ed that it would be unwieldy and unlikely to econsi ridentofothers.
take a strong role in some projects u reina

This is notrecoinmended.

O ' 2: rinp!e", e"tandM""@getheS, ,b-Pro^C",

membershipandinfi>mmairesearchernetworks^JrshaTing' ,,, ^ , bigjirisk thatmembershipan""mm ,Idbeundertaken. There would be alitglirjskthat

"ridustry' objectives and largely overlook spin-o s o o
duplication (eg. using/ developing petmo e s .

This is notrecoinmeiided.

orer@11C@tcfo", e"tFoc"ssedCoordi"atto" of"ie Three e",'-' pOpti0" 3:
rinpleme"tedS"b-Pro^C", s.

oachwouldcomprjsealjsiib-programscoining g taken.
albutinitiallymorefr. equently)toensureacatc en pamUalbUtinitiaiiymorefr-equently)toensur6aCa" ' I Glare:" anoverallrogramleveare:

Some of the activities that cou

. recognisethecatchnientdriversaridpreerr ,

. recognise industry needs,
a currenttechriicalstudies and information,

identify where cooperation would be valuable ando eroppo " ,
tandardise methodologies and data quality stariar

eXchangeability of results,
database and data directory system,. develop acomnion

. infonnationshnring,

. continualmonitoringofR&D needs andopportuiii'

Awellasinvolvingresearchers, itwou inc Its.
develo ing catchment and sannityplans as we as o

.

.

.

compatibility and

and groups



Tile three sub-programs would then be implemented and managed semi-independently. The
task in each of these sub-programs would be to ensure the individual projects
comprehensiveIy addressed need and achieved outputs.

The benefits of this approach would be that it would increase the likelihood of:

. ensuring that all stakeholders are aware of the bigger catchment (and industry
sustainability) issues,

. consistency and compatibility of data andmethodologies betweenprojects,

. encouragi. rigsyiiergies,

. focussing on catchmentlevel and practicaloutcomes

This option is recoiluiiended and shown diatsia. lulliatically in Figure 5.3.

F^g"re5.3, S"geested'Coordi, ,@tio, ,,!Irr",, geme"ts

. .

Plains Landscapes Sub-Program:

-..--

Developing thelProgram Coordination Arrangements

investors will need to review and negotiate the preferred managonientCLILa. ligaments including
who should takeonthelead roles for overall coordination and of the separatesub-pro^ams.

We recoiluuend initially a peak Managernent Committee to ensure the development, delivery
and coordination of the overall Program of research. Initial mombership of his body should
have strong representation from user groups and include representatives of fonders, key
industries, R&D providers, Catchinent Managernent Boards/ Committees, and organisations
legally responsible for managernent of the water resource. An important need at tins stage is
to develop a partnership with shared ouniership, . clear responsibilities, and fi>unal
coinmitinents to the Program.

The convener of tins group needs to be an organisation with a Basin wide or national
perspective with a strong naturelresource managernent and government policy perspective. It
is expected that the committee will take a lead role in developing the overall strategic
approach and consequent businesstimplanentation plan, approving project proposals and
ensuring they focus on outcomes and user needs, setting of patonnance objectives and
milestones, approval and oversignt of budgets, and monitoring progress including adaptation
of the approach as required.

OV^^cooRDmArlONs

Catch", entLevelSi, b-Program

Uplands Landscapes Sub-Program:



Oncecoimnjinjentfothe'programisagrGG, We g f fi
iteesforeachofthe3sub-Frogi'ams. Thesewou inc p

funders, R&D providers, local CMB s, and the ega in g
sub-Program coriumittees wou e
more day to daybasis.

Comment

FeedbackduringintGrViGWSit""' 'P cf -litat, didGritjficationofPTiOT'tyFeedbackdUringin""" dj, LWRRDCf;ICjljtatedidentificationofprjorjty

'ectreviewworkshop, managedfundsonbe o0 ,,projectreviewworksop, maniag bfu, ,ddatshortnotiCG

andcojmnission '' b ridusersparticularlywaterresourceand
catchnieritmariagers and policymakers.

Drama e research and related on-groun ac ' "ThecurrentstateofDeepDrainageresearCan ft, herithe
MDBregionisprobdblyatamoreavanc saG d. tjonoftheMDBregioniSPrO ' y .-- s essfijlmanagernentandcoordinationoftheticidesresearchprogramwasirittjated. Successfulmanager^ Ited

issues. There are also manyindependent orsemi-in GP
SIiglitly differing needs and perspectives including:
. DifferentR&Dimders

Different agricultural industries.

organisation 'ri' hinttarets, etc. sani-independently.
vegetationclearance, waterIcen , ,
Catchment managernent organisations.
Multiple States developing'implerneiitirig policies within e same 00 ' y

Theimpressionfbnnedfr-omititerviewsis atmre O tj sharinTheimpression"' I 10fcoordiriationandinformationsharing

betweentheVariOUSrG' ,railtroletolayhGTG-

POTENTIALCO-INVESTORSINSUB. PROGRAMSlFOR

TherearealargenumberofpossibleinvestorSin G fj. a as
inVGSimentandroleintheprojectisexpectedtOTGGC P business.

FrexamlestateagencjesandtheMDBCareinVGS'g f 'ble
methodologies and applications to se en -
investors is shown in Figure 5.4.

.

.

.

.
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Fig. "re 5.4: Possible investors ""dtkeirRoles.

Organisation

State a encies
CMB

CSU^. O
LWNhidus
MDBC
GnuC/11}dus
CanCAIidus
RER. DC11ndus

ACCRC/Indus
MLA/Indus
AllC/Indus

AWBC/hidus

Universities
CRCCH

CRCPB^S

5.5

Potential

Funder

Scopeto ChangeDDRatesthro"ghMamagememt
Deep dramage can occur from naturel events such as direct rainfall and'or inundation from
stonnwater rimoff; overland flow or flooding from streams as well as ittigation. Land-use and
managernent has a direct effect on the magnitude and extent of DD for all catchnientland
uses, from forestrytlirougli^azing anddryland farming to intensive inigated agriculture.

Deep dramage is not directly and immediately identifiable because it is "out of signt' and
currently difficult to measure directly. A better understanding of the magnitude and processes
for DD, and the affects of managernont practices within each land-use, is necessary to drive
adoption of better practices. Without this there is little likelihood of changes in practices to
improveDDmanagement.

It will be necessary for resource managers to understand that improved DD manag^nont
should maxirnise beneficial and miriniiise harmful DD. It should also be recognised that DD
and water balance processes are relevant to allland-uses and industries and the linkages need
to be wellunderstood.

RESEARCHADOFTION
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Potential

R&D
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Potential

Information

User/Client
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Application of Research Results

There are two main client groups for the adoption of R&D Program results: goverimient
policy and progr'am managers and, the industry.

I

I

I

There is a high likeiihood that results will be transferred to govenrrnent programs and policies
provided the necessary connections are made to mechanisms such as revegetation and land



use PIaiming 'initiatives, the setting
management plans, and regional plans,

ThesecondaSPGC"' at' ' tt' of thosegoven^nentpOliCGS
Considered to be moderately biglithiouglitheimpGm"^"' d cticestoconsidered to be in''1 ' f' atorsintheNivroBadoptingpracticestoconsierG ' 'd CGofirrigatorsintheNlvroBadoptingpracticesto
improve water use efi^ciencies
DD losses and possible gains.

Thereisgoodawarenessaridappreciationm e d 'oninental
levelsinthesouthemlvroBandthepotentialfor uce p ..

O dwaterintheMacquarieValleyarerecentrGlntn tabl'hed
needtobeconscjousofttjemedjumtolongtenni!ripaCtsO exg . th ,, d TacticaltlirouglicredibleR&DthatDDissigiiificantlyhigherthano^gin y ,tlirouglicredjbje R&D that DD is signi 'an Y h ,Idbehig"'
managernentoptionsareo er as ,

' r driver for change in the inigation industry woul e. imprAmaiordriverforchangeinttieinigationmus WOU ed tinsirl
and Tomability. AnimgationareasintheN}vinBarGWa"' ed on
both surface and groundwater licence allocat'
beneficial DD.

RecentcormnercialevaluationsoffieldirtigationapPiCa to
atorsarewillingtotakemanagernentdecisions ai ft, fild
save water and improve production. Obviously simp e in
would be veryusefiiliriassisting awareness and a option.

IMPl, lgunNTAnONlPROCESSES5.6

animdicativeimplernentationprocessforthepropose rogi' .,
Fi "re5.5: Or, tnneo Process orf", Ie", e"ti" t e

STAGE '16aeementtofiind.ent romp Coregroupagreewhethertoprocee -p'
(I, WA, mmBC, CRDC, Finalsethestrategyan pan or p'
GnuC) agree whether to Preliminary discussiono roes.

roceed Discussions held with the range of possible invesointerestInvestors agree investorsagreeindicativelevels of involvemen, inv , ,and roles. ex tations/constraintstoinvolven, 6nt. ~
.Agreeme' Deedsforsub-programs.Initial Program Planning

Coordination Meeting
. Consideration of enduserneeds, requirements an p(Funders, researchers, end users)

(using formats from Figures 4.2 and 4.3).
inchn rotocolsstandards.

. Adoption andcommunicationplanning.

. Reviewofindicativeroles
Detailed:
. Review of current R&D initiatives.
. Review of end user needs ands coinc

of targets, sadnity hazard maps, land and water

Detailed Planning through
Separate Sub-lProgram
Workshops

roductre uirements.



(Funders, researchers, end users) ., Planuiing ofR&D to meet end user needs.
. Identification of data requirements, methodologies and data standards

issues and resolution needs.

. Identification of milestones, deliverables andproducts.

. Furtherdevelo meritofado tionandcommunication Ian.

Co-investors andR&D Providersreview, negotiate and agi. co:
. OverallProgramensuringanyR. &D gaps avoided.
. Projects (including communication and adoption plans).
. Funding contributions.
o Administrative, reporting, project managementg, T'angements agreed.
. Providers identified by commissioning ortendeting as appropriate.
. Formal inaria ementa eementsandMOU's.

Program agreement.

Pro^Ctslm Ie, ,, eatatiom

Progress Reviews

Fro am Coin letion

Annual(or more frequent) meetings at Program and sub-Program levels
to reviewprogress, share infomiation, identify gaps and emerging needs,
iden' constraintsando multies.



CONCLUSION

This consultancy involved extensive consultation with a wi e range
detailed consideration and analysis of the information co ec e .
indicate that:

There are a significant number of policy, program an in us ^,.
info ation will constrain effective implementation of these injin ives.

There is wide support and demand for better infonnation on e
drainage. Thereisalsowidesupportforfiindingasignificant r g
understanding the Water Balance andDeepDrainageforbetterca c ,
and agricultural outcomes in the NMDB.

3. Detailed analysis indicates that there is:

A critical need for better and CTedible un & DD information for:

2.

o detennining the significance and scale of the salinity problem.
. the effective implementation ofNSW and Queensland Water Acts.
. end of valley and in-valley water quality target setting.
. targeting vegetation retention licencing and revegetation program .

kiln!!p9Lt^!!^-!^'-. 9' dStt oncandrOgramandindUStry
initiatives including:

. regional salinityplamiing.

. catchrrient health targets and monitoring

. development and implementation of water use efficiency programs.
o development of sustainable land management practices.

Other^j^L^ of better infonnation are:
. groundwaterlicencing.
. reducing groundwaterpollution risk.

ThereareasignificantnumberofwaterbalanceandDDR& injin've p
Landscapes zone of the Northern MDB. The initnediate need here is or a!
work underway and what appearsto be a need for better COOT mation an g
these efforts.

There is relatively little R&D into water balance and DD in the ams an. p
andthere is strongjustification for new R&D. Coordination shoul ere aiv y ^
forward as there is one major irrigated industry.

There is a significant NSW, Queensland and MDBC catchment hydrology initi4tive w. i
is developing end-of-valleywaterqualitytargetsforriversinthe p
the basis for taking an overall catchment perspective and jin ing o
the Plains and Uplands zones

4.

5.

6.



7. An integrated catchment R&D Program is recommended.

The Goal of_the Program is to understand water balance and deep drainage for better
catchment management in the northern Murray Darling Basin.

The recoimnended Program has 3 semi-independentsub-Program elements:

. UplandsLandscapesSub-Program and,

. PlainsLandscapes Sub-Program.

. The Catchment Scale Sub Program

It is recommended that the Uplands and Plains sub-Programs will undertake activities to:

. Understand deep drainage and the water balance

. Design solutions and responses to reduce deep drainage as necessary and,

. Deliver the findings to stakeholders

Much of the R&D appears to be underway already in the Uplands zone. Significant new
R&D is required and justified in the Plains zone due to potential impact should shallow
watertables develop and the absence of necessary management infonnation.

The Catchment Scale sub-Program is aprimary user of the outputs of the other two sub-
Programs and will take those findings into a catchment context for determinin water
quality impacts and development of salinity hazard and risk maps. This work is underway
as part of a major NSW, Queensland and MDBC end-of-valley targetsetting initiative.

Recommended project areas to be developed and conducted as part of the Pro ram
(Attachment 6) are:

Project I: Field Quantification of the water balance and deep drainage below the Root-
Zone

Project 2: Develop Capacity to Predict and Simulate DD from VertosolSoils
Project 3: Evaluation of the Fann Water Balance
Project 4: Develop and Interpret District-Scale Groundwater Models
Project 5: Develop, Assess and Transfer Alternative Water Management Practices and

Policies

Project 6: Development and Application of Catchment Flow and Salt Routing Models

Overall coordination at the catchment scale is recommended for a number of reasons
including to ensure consistency of methodologies, that primary user needs are being
addressed and formfonnation sharing. The 3 sub-Programs however would run with their
own more intensive sub-Program management and coordination arrangements.

An initial approach to facilitate Program development is outlined which includes
representatives from user groups, funders, key industries, R&D providers, Catchment
Management Boards/ Committees, and organisations legally responsible for management
of the water resource. At this stage, investors will need to review and negotiate referred



management and coordination arrangemen s.
recommended as shown in Table 6:1.

Fi "re 6.1: S"ggestedCoordi""nori, 4rr""geme" s

OVERALLCOORDINATION:

Catchment Levelsub-Program:

Plains Landscapes Sub-Program:

There are two prime client groups for adoption of the resu
I d and water resources policies and programs an inc u e g
catchrrientmanagementorganisations. Thesecondcientgroup g
There is evidence indicating that there is a high i e i o0
'in 16mentation of the recoinniended integrated Program approac .

10. WinlstthisreviewhasfocussedonthenorthemM , e g
other Gas in Australia particularly where vertosol soi s pre o

I. TherealsoappearstobeaneedtodevelopasimiarprOgr f h'
SouthernMDBwhereanumberofthedriversarGSimi b.
recommendedR&DProgramhowever, donottranser irec y ..
re ion due to differentindushy, policy, planming and bio-p ysica

Program

9.

coordination arrangements are

- .--

Uplands Landscapes Sub-Program:

to
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Peter Day, LWA
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Nick AustinNSWAgi'iculture, Dubbo
Peter Day, LWA, TaskManager
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Gordon, Ian
Green, D I
Hamilton, David
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Milro , Steve
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Schofield, Nick
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Silbum, Mark
Sinclair, Peter
Triantifillis, John
Vonoort, WillGin
Youn , Rick
Yule, Don
Zischke, Rachael

NSWDLWC S dne . Catchment Boards and Iarmin
NSWDe armientofA 'culture, Dubbo
Queensland, WUE Pro
De amnont of Land and Water Conservation, Dubbo, NSW
CanC

Lariimiark coordinator and I^AAL coordinator
Consultant

Stud Pro'cotMana Grand LWA,
CRDC

ACCRC, Nanabri
ACCRC, Nanabri
NSW DLWC, Central West
MDBC, Canberra. Basinsalirit Strate

DNR, Brisbane. DD, salirti , end-of--vane studies
NSWDLWC, FarWest
ACCRC

QDPl, Dalb
DLWC, BaryonRe 'on
Consultant, Narrabri
NSWMa nane, consultant. Develo merit of hazardma s
ACCRC, Nanrebri
CSU^. 0, Land andWater
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Urnversi ofS the
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NSWA 'culture, Live o1Plains
DNRM, Brisbane
DNRM/ACCRC, Brisbane



STAl<EHOLDERINTERVIEWFORMATAPPENDIX3:

I. GENERICU\IFORMATION Telephone number:Organisation:Nanie:

BACKGROUND Balance2.

Theorganisation'sobjective/purposeinrelationtO GGP re f earchGtC)
The organisation's involvement mresearc eg.

DRIVERSlFORDDRESEARCH balanceresGarCh?
wh, tar, themam reasons(eg-in ''try' ,, ,, in dim, b, tt, rjnformation?Forexample,wh, tarethej!^mreaSO. . g' ' ,, th, t d, ,andthjsbetterjnformation?Forexampe,

. MDBCcaponwaterdiversionsan

. MDBCSalinttyStrategy

. Endofvalleytargets
Groundwaterlicencing
National Action Plan for Sanntty and Water QualityNationalActionPlanfi3rSalintty" of ,llocationstr'ategiG'
Stote and Regional sanntty, water quality, s

Veetationclearanceandbjodjversitytargets(State&Region d ter
Riverhealth(I'verbiota, environmental one, ga ,
interactions)
Profitability/water use etacienoy
GroundwaterpoUution-status and trends

o0ther?? 'allblito)
How ' porent are eachofthese drivers? (I=unimportant, =

CTSOFLACKOFnq'FORMATION
whatarethespecificissue(policies, ' ' '. ha, ,,,,,,,), h, roinekofDDjnformationis
limiting progress?(ribdescribesothattheSPGCi C' , ,,, uni, ,,, tant, 2=should beli, iting progress. (' ."' k fjcoowledgefbreachissue? (I'unimportant, 2'should berumtaretheimpactsoflackoflcoowledgefbreachissue. ( =mump =
considered, 3= important, 4= very important, 5= essen

s. SPECmlC d ddresstheissueidentifiedabove?

COMPAREFROJECrMANAGE^IENTMODELS
redPro'cotFocussedonCatchmentSCalG aleR&DrOjeC

Whatarethebenefits(rinmoutcomes, coordination etc)0 ?rimeg" ,j Ran rojCCt?
What are the costs(uus outcomes, coordination etc) of arumtega e
Is there an al^Trotive model?

,ro-cottbcusse On t ,es, coordinationetc)of aptoiect^ussedonDDfiomspecj
agricutoraSy' , rdjnationetc)of aprojectfi>cussedonDDfi. omspecj
agriculturelsystems (irrigation focus)?

7. ADMn" .. (codandbad)associatedwithalternativeprojectmode
What are the most critical ones?

-1sthereaprefbrredapproach? To'ectmariagemGDt,
Administrative issues wightbecoordinationOfthGP'pico',' ' in ,. ,j;,, by fondersetC. (ha'p"'fi'
increased or reduced paper work by researc e ,
on what the issue raised is.
Conclusion: Preferred approach

3.

.

.

.

.

.

.

.

.

4.

6.
Into



'APPENDIX4: SELECTEDR&DIPROJECTS

ProjectProject
Maria er

Weridy Timm^ NPRr0,1998-2001Water quality sustainability in groundwater
muswabstraction for jin tion

Cropping and pasture systems to kick
manage rising water tables and salimtyon the NSW Ag
LiverpoolPlains

Agriculturel systems to reduce
groundwater accessions in northwest New
South Wales

'Water efficient cropping and pasture
systems for hydrologic stability on the
Liverpool Plains and adjacent slopes of New
South Wales, '

'Hydrologic impact of grassed
woodlands and Iuceme based pastures on the
northwest slopes of New South Wales'

'How much deep drainage nears in
Vatosolsunder furrows andluceme? project. (Proposed

('Tracking deep drainage and salt submitted to Salt Action
mobilisation from leaky landscapes in the NITT, 2001-2002)
PeelCatchment')

Best inanegement practices for maximising Paul Daiton, CRDC, 1998-2001
whole farm itfigation efficiency in the Australian Toowoomba
cotton ind

Evaluation of the different measurement and John With^in^ LWA, 1995-99

modelling techniques for comparing deep CSRO
drainage under current and alternative f;, inning
systems

Watertable change in western slopes cropping DayidDentBRS musP
areas ofNSW

Delineation of potential ^^,, limity hazard in Ian
DNRMGenslandero in lands

Mea^g the influence of water quality on RachelZischke
drama ethrou jin tedcottonsoils

Understanding the ^,, limity threat in cotton JohnTiiantifi. Mis CRDC
win areasofAummlia

JohnFriendSalini reventionincottonrotations stems

Long term effects of cotton rotations on the Nilantha
HUIu esustainabili of cottonsoils

Funding

_::Cumg . GnuC Project
159N (1993 - 99)

. Salt Action ProjectNSW
government, 1999-2002,
$480k

GRDC Project Dan 407
1999. ()2, $450k

DAN

. GRDC Project DAN 347
(1997-2001)

. GnuCProjectDAN466

Gordon unSP

CRDC

CRDC
CRDC



APPENDIX5
INITIATIVE
Mark Littleboy,

RechargeModeMi, IgPrOieCt databaseofrechargG
ThisprojectappliesawaterbalancemOG t. ThisworkiSThis projectaPP"""' Inn, j andpropertymanagement. This workisis pro^CaPP 11nnningandpropertymanagement. This work'tential for NSW to support regional planning an property
contributing to Actions6. Ian o e

Rechargeofgr'oundwaterbyratiiwatGrm a I, .tinmodelSarld
d landsalinjty. 'njeprojectjsproposedtobeintwosagGS- ' tar, s thedrylandsalinity. 'nlGprOj6CtiSP"P" '. 2, delftjatcaptUTGSth'
'mactsoflandusechangeonhydrologyinasPai .d ed. A20
Diensionalwaterbalaricemodelfingfr. ameworkwi a'or

jinxitation of ID water balance approaches.

lose linka es with the initial CATSALT (I'D base^. ino ^ oTherearecloselirikageswittitheinttialC .ttjcATSALTearec '11belinkedwi

sub_catchingI'')'' P' '. fj d echarigeonsaltloadSataSUbCatchmentscale.the jin acts of land use change on salt oa amodellingtoascertainttieimpactsOan dcATSALT2. D
in addition, this project plays a key role '
modelinsubsequent years'

To'ect '11alsoprovideinformationtottie giiThis projectwillalsoprovideinformatiOnto G ThearelinkagesThis projectwillalS' P''".'. tmdryjarjdcatchinents). Therearelinkag6SGotionstools(for sannitymanagementindrylarldCajC ^' echresponseOptionstoois(for sannitymanagGment" ". 'fj d'toreCharg'responseoptionStOOIS(for Sann'ty 'g ,,, l, ,, jfi, ,tj, ,-of landjntorGChargG
withDavjdHOGyS(dryan .. I dsca e) which provides the Opportunity to erosslasses based on soiltypepositionirilandscape)whichP;ovi P
validatethetwo differentapproachesto e anCGco

msubsequerityearsoftheproject, ino6COmP h.msubseqUGllty'ar' aj'dtetiiemodeUirigapproach.

o 'b'1'0fftieresultswikillcorrectiyand, secondly, toestabiishtiiGere(!ibility' " Theworking Coq y ' d rt, k, ^itrough. presentationsto C^11BS and other groups. The
groups. Gofsuccess.
degreeofacceptanceoftheprojectpro uctswi e

RechargeValidatiOml?rOieCt djj'activitiesunderthe
Thisprojectprovidesessentia ataoSUPP ... -, I derwa incNRThis projectP"'1' ,j" odenirigactivitiescorr6ntlyunderwayinCNRSannit infonnationprogram. ThesalinttymodellirlgaCtivi' dj' bles
involve tileddiveryofarangeofproducts u a
include:

S uth Wales under currentland use and different an

and likely discharge areas for majorMurray. ar ing
catchinents forEC and salt loads from sub

OUTLINE OFNS.WDLWC

October 2001

CATCHMENTMODELLING

Estimated recharge maps of New
use scenarios

Predicted areas of landscape wemess
Basin and coastal catchments
Predictions of variations in streamflow,
various land use scenanos



4. Calibration of the sannity component of IQQM (catchment rim-off routing model)

These modelling activities involve the integration of a range of different simulation models.
At a sub-catchinent or catchmeiit scale, the validity of model output can be quantified by
comparing model predictions against currently measured streamflow, stream EC and
gi'oundwater data.

However, the modelling tools need to address intervention actions at a scale more detailed
than sub-catchment - initially at a landscape scale and eventually at a property level. The
datasets to support this more detailed level of modelling are currently not available. These
datasets are required to increase the Deparbrients confidence in model predictions at those
finer scales.

The proposed rechargemodellirigapproachhas been extensively validated in Queensland and
some overseas countries. However, there has bean little quantitative validation in the NSW
environment. Confidence in the rechar e ina s would be dramaticall increased if

Gritaldata were collected in arallel studies across various soil es and land uses inex

New South Wales. Direct measuranent of soil moisture, plant water use and recharge data
would provide DLWC with datasetsto validate the recharge maps. This activity would run in
parallel with the other components. The same datasets would also increase our Iruowledge of
water movernent in differentlandscapes - a key area for salinity modeming. For example, to
deterTwine the relative partitioning of salt export from groundwaterorsurfacewash-off

The project will monitor key components of the water balance across key coviromnents in
NSW. It will improve the reliability and confidence in recharge estimates by comparing
modelled outcomes with measured data Estimates of the impacts- of land use change on
recharge and rimoffare critical inputs into the sub catchmeiit and catchment scale streamfiow
and saltload modelling.

.

in order to improve confidence in recharge estimates, a number (4 sets of paired sites,
Mumay, Lachlan, Namoi, North Coast where water balance measured and closed) of
continuously logged drainage Iysimeters and soil moisture probes would be installed in key
and covironmentally important areas ofNSW. Evapotrarispiration is a major component of
the water balance across NSW. There are fisw datasets that quantity evapotranspiration. The
use of Bowen Ratio equipment would provide such data sets. This technology has been
successfully used by Depamiientalstaffat Wagga. Due to the complexity of the experimental
approach, DLWC could either utilise skills at CSRO to install the equipment and monitor
evapohaiispiration througlitime, or flirther develop its ouni capabilities (which option is yet
to be decided and requires fiather consultation.

These data sets to be collected under his project would be invaluable for other DLWC
activities (e. g. estimation of crop water use within IQQM).

The experimental approach to be adopted is dependent on timber consultation. Presently
there appears to be two likely options

I. Establishment of paired experimental sites (either contrasting soiltype or land use) at 4
locations in NSW. Three of the four sites would be established witliin the I, ^inB with the
remaining site established in a coastal catchinent. Wherever possible, this sites would be



establishedincollaboratjonwioerGXISmg DLwcmonitOring
A workintheLiverpoojplajris, CSll^. Oprojectsin e PP '- hd I I
sitesintheCentralWest. Ateac9 e , _.
processes would occur.

'torin activities at each of the proposed 20 Environment' tiesatGac o GP2. E, t, blishment of monitoring^ b, r, t, jt, stobemonjtored, tiledGullof
would be less than for option one, but tins secon p '

jinOrtaritvaljdationdatafbrsalimtymOdGllirlgqCivi I 'IbleaS
top up funding to support tliis activity.

'cot, extensive projectfuiids are required orequip pmyearloftheproject, extensiveproject ^q aisisandmyearlofthePTOi", 'cotbrdatacollection, analysisand
coin adsons against orlR salirittymodelling tools.



APPENDIX 6: OUTLINE OF PROPOSED PROJECTS FOR THE PLAINS
LANDSCAPEZONE:

The following outline of projects specifically targets the Plains Landscapes sub-Program.
Equivalent projects forthe Upland Landscapes projects need to be considered as a component
of the review and coordination of current R&D. Project 6 is in essence the current State and
MDBC project on catchinent water quality targets alitio'ugli-stronger linkages with projects in
the Uplands Landscapes and Plans Landscapes components should be developed.

Projectl: Field Quantification of the water balance and deep drainage below the
Root-Zone

O^leetives:

(i) To developreliable fieldtechniques forestiinatingDD fromvertosols.

(ii) To measure the quantity and quality ofDD below filercot zone and other components
of the closed water balance from irrigated vatosol soils at soil profile and paddock
scales using both direct and indirect methods.

(in) To measure the quantity and quality ofDD below the root zone from non jingated
vertosol(crops, pastures, forests) soils using both indirect and direct methods.

(iv) To develop the capacity to rapidly characterise sites at apaddock scale forDD risk.

(v) To estimate the probable impact of degrading inigation water quality on DD and crop
production.

(vi) To trial the most promising management options for managing DD ideritified from
other field and roadellingwork Oroject 2).

(vii) To quantity the levels of uncertainty in DD estimates.

O"@:,"ts^^Del^^erub!es:

(i) Estimates ofDD rates and other components of the water balance for characterised
field sites with a representative muge of land uses and including estimates of
uricertatiity.

(ii) Methodologies and improved capacity formpidly appraising sites leading to DD risk
assessments and hazard mapping.

L

.

^roject2: Develop Capacity to Predict and Simulate DD fromVertosolSoils
O^feetives:

(i) To develop the capacity to model and predict DD for vertosol soils at soilprofile and
paddock scale.

(ii) To compare and validate model predictions with DD meaamcoients from field
measurements(project)I.

(in) To targetfield measurerneiit effort by identifying the most importantinput parameters
by sensitivity testing model results.

(iv) To estimated16sigriificanceofepisodicclimaticevents.



O"tp"to/Deliver"618s:

,,, AcornpUtG" ,t4, Toject5andproject6).
(ii) Understanding of the levelsofconfidenceandsensii 'i

Evaluation of the FarmWaterBalanceProject3:
O^lenti, es:

co Toestim"' t toraes, dramsandSUpplyCharmels.
(ii) Develop am6thodologyforpredictingDDfi'omsto ges, c
(in) To appraise options for reducingDD from storages, c

Or, ^,"ameni, arch!es:
Estimates ofDD from across whole farms.(i)

Options for reducingDD from waterstorages, chainie s(ii)

Develop and lmterpretDistrict-Scale Groinn wProject4:
O^Iecti, ,es: ,,

,,, To buildin^ O' '"" '..- ddeveiopgr. oundwatermonitotingnetworks.
(") Toconstructadetaiiedmuiti. layeredgroundwatetmOG" tative

DDfr'omitierootzonetogroundwaterresPonSG Id
situationsincludingtheiimuenceofpaleochames. ,
SaturntGdandsatoratedzonebehaviourandhaVGaCaPaCity ' 'of ,ll
scenarios for different land use and climatic circums an
events.

To estimate the likely rates ofDD from land uses an so' typ
d al'nities of shallow water tables.To redictthe possible future extent and sannities o s

To a raise the likelihood of shallow watertables deve opirig
land andwaterresources.

Toestiniateftiecrjti eveo s t, dtdevelo-

To ex lore the likely impact on land and water resource
and water managernent strategies.

and possible changing climaticTo appraise the impact of episodic rainfall events
conditions.

- ---

on)

(iv)

(v)

(vi)

farms

(vii)

(ix)

O"tp"ts^'Deliverables:
(i) Estimates ofDD from a range of land uses and sois types

estimates from projects I, 2 and 3.

(ii) Identification of thensks and impacts of salinitydeve opingin



(iii) Identification and evaluation of management options- for better managing shallow
watertables.

(iv) Impact analysis of localsaltand water balances.

Projects: Develop, Assess and Transfer Alternative Water Management Practices
and Policies

O^leetives:

(i) Using the models and results developed in other projects, identify water and soil
managernent strategies for reducing DD to acceptable levels.

(ii) To estimate the economic impact of anticipated salimty and possible deterioration in
irrigation water quality on farmprofitability

(iii) To undertake an economic analysis of options for reducingDD and salinityimpacts.

(iv) To develop and implernent most appropriate mechanisms for transferTitig project
findings to client groups.

(v) To link the project and its findings to existing water use efficiency progi'airs and other
industry initiatives such as Best Practice approaches.

(vi). To develop a communication strategy so that stakeholders are infonned of project
directions, approaches and findings to stakeholders from an early stage.

O"^,,, ts/Deliver@61es:

(i) improved landarid water management optionsanidmanagcoientsolutions.

(ii) More productive useofavailablewaterresources.

(in) Early identification andbettermanag^nontofsalinityproblerns.

(iv) Risk assessment of differentf;, amingand landmanagcoientsysterns.

(v) Colluiiuriication of results to stakeholders from an early stage of the project.

Project 6:

ForthePlairis Landscapeproject:
O^featves:

(i) To link best estimates ofDD from Plain!e Landscapes and agr. iculture into catchment
scale models of river water quality and flows.

(ii) To estimate the impact of upper catchmeiit conditions on river water quality and hence
on: DD, district salt and water balance, development of land Salinisation, and
agricultural production in Plans irrigation areas.

O"^,"ts, Delivercb!es:

(i) Specification of the impact of Plains landscape agiiculture on strearriwaterqualityand
catchnienttargets

(it) Identification of the likely impact of catchment water quality targets and deteriorating
river water quality on agriculture.

Development' and Application of Catchmemt Flow and Salt Routing
Models


