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1.0 Introduction

This report has been prepared to foemfoarnthreteerdmnupedatGroundwater
Model project. It summarises the concécegtoflthuemdeaded area, in terms
of the natural hydrogeological floow pndbespegeand processes taking

place that affect the natural system.

Subsequently, this report explains homdéhsetaodicegptisairansliated into a
numerical groundwater flow model, detstbeedy doogepri®@gec processes

taking place in the model area.

As of February 2012, the model is cthuraesdlgnkdeihgreédre no results
from the model have been includedA withthdisreppotrt.detailing the flow
model calibration and the contamirante sudhs pwoilt meogprovided at a later

date.

The Edendale Aquifer was the subjepormfbay tEnhiricmment Southland
(Wilson, 2009) which discusses therdyassgedhegitake place across the
Edendale Aquifer in detail. Itnsofhdhitheeimoentiorepeat information
already available in detail and SegltyoproWwidenad Susnmary of the
conceptual model of the area and des wriboeh tthhee nausmerical model has
been developed. Section 4 discusseslhidwahearmeomneppesented in the
numerical model.

2.0 Topography and Geology
2.1 Topography

The Edendale area is largely confiRewetovahle Matediradtitude in the valley
ranges from ~ 80 m RL in the nortlhwridthé areRLton athe south. The
Mataura River flows from north to seunhedlpen@fthbeeaster valley and the
river, together with its immediateéhfd otmppl@riaphacmably lowest part of the
area. To the west of the immediate dtaadplRiwnesf the dround rises
steeply over the terrace marging wiftiL @& metodi®0l miswithin 100 m
laterally. Beyond the terrace masgsngrthckeugtlouha trhe western edge of
the area.

The highest regions within the oveard | fbdmrdabe atreavestern margin
and by the high ground tothe east of.the Mataura Rive

A topographical map of the EdendnlEiguea s shown i
2.2 Geology

The Edendale Aquifer comprises aaQuidearwatrlyigrtthweMataura River
valley and as such the main focuwssonf tttheé usecthisoolidated deposits that

include these Quaternary depositsid,Hmoomnewdidated elology is also
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important, in that it provides bovlertthealadeualdanies to the Quaternary

deposits and the aquifer as a whole.

A map showing the geology of the rBdéedadlien Kigaries .

2.2.1 Consolidated Deposits

The Edendale solid geology comprbsee fieindte so alockshich are
unconformably overlain by the Gore Bhgreine iMeraossakre are in outcrop in
the eastern margins of the area andsiatltthcee ueyiwkok®errane. These

units form the high ground to the ealsé ccfasheobntda (Moataura River).

The Gore Lignite Measures underthyg dlreamanfdrictcgnopfrise siltstones,
sandstones with occasional gravelstitveggthrerqweétht tignite seams. The
units are relatively thick (at leagert09 to) thedsdiyth east. The Lignites
outcrop in higher ground to the wlesorof the weesdean boundary of the

Mataura River valley.

Contours showing the top of the GeosealegprideiMed sarFigure 3. These
contours are based on interpretedhddoplodsthehGoeetLignite Measures
have been identified. The contowmps osfholne tBhatetheéginite Measures
includes some topography, with anuebevka¢eOtni dgree @akoarea, but

generally the elevation is consigtewnrtfadéhtopeglnaimhy and drops gradually
to the south and east. The contousenoeiohtenthrecipsreed channel running
from just west of Edendale town inotiBe awathl tDoenarss in the south. This

feature is discussed further below.

It should be noted thatthe raw borehisleldbted pbadiecgieag in the contour
pattern have been identified, cheackesd armyd,remeve d.e

2.2.2 Unconsolidated Deposits

The unconsolidated deposits in the EiksenQabeeameary gnpvels, which
overlie the Gore Lignite Measures dcabssranBthepfrahley. In general
the Quaternary gravels are relatiiely shiigig dxtrethaotlehey extend to no
more than 30 m depth. The gravels Wrerielede pbwsdtedtrtayn sporting glacial
outwash from glaciers further norohrlgngoctendpguse tgoand greywacke
gravels. Since deposition, the Mabakea Rhwesre hdspoeswts into a series of

terraces, with the oldest terraces amethh.e west of the

Based on the geological map of thargyrGaavbkesQuatespiit into two
different units: terrace gravelslamhaslkeuwiadugramee reflects their
terminology (Figure 2). The terradeogralvelsearecésuthat lie to the west
of the Mataura River, whereas thecalluniahegriaveésiatce vicinity of the
Mataura River. The thickness and orctsualencreblfethe ume topography of
the area, where the boundary betweehstaedtadtacealgmgaavels is identified

by the abrupt change in elevatioe aérrlaeeedge of th
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Figure 4 shows a contour plot of ehgrehvieknelsasefdtbn the contours of
the top of the Gore Lignite Measuvey gddssuibadeadlevations. It shows
that the aquifer generally thins ntoanardasterweessdges as the gravels
pinch out against the outcroppinguGese nihritveeslteasd where the
Mataura River has eroded downwarddeonf ttthee evaadteyn shere is also a
noticeable change in thickness admoeesswiheréeboaeéogs indicate that the

alluvial gravels are much thinner alvehsthe terrace gr

Previous studies Wilson (2011) idertDffiead bilheiepdr pssdreochannel within
the Quaternary terrace gravels, rusoiutd ronudg lplgrmadlreh with the edge of
the terrace south of the Edendale towenshiphoudtis feaepresent an
abandoned channel of the Mataura Riverimmdepebaasthe Wmederlying

Gore Lignite Measures, as indicated in Figure 3.

A photo illustrating the terrace ee e eawed degpaositsais presented in Figure
5. Note that the gravels are locmbly sxpleigauudfryisg operations along
the terrace edge.

All the Quaternary gravels are overyaimoliyl @esarihbteclean be up to 5 m
thick, although the thickness of tlsesendepesabdwdhireughout the area.
These deposits are also highlighted in Figure 5.
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3.0 Conceptual Hydrogeological Understanding
3.1 Abstractions

Abstractions in general form a rtebdtihelywemall water balance for the
Edendale Area, however their spatedbdastrasuttomrovides a useful
indication of areas where yields aFeguypi®&aplne hiéghs the locations of
abstractions within the Edendale Aquidérewmitth abstcaktion point
reflecting its consented use. In géemmsadrehelabsdrad towards the centre

of the aquifer, which may supportnbeeppesmrad|efpalacecochannel.

The largest consented abstractiomctsrthabBomaetrirmn F close to Edendale
town centre. The consent allowstab3stmaldtbogrermrf apd 10,000
m3/day, although the returns data ficratbsstbansentahndbstraction to

date rarely exceeds more thalfyke.drmillion m

Figure 7 presents the total aquifer allvodtende st lpsetrayegdaonsince 2000

(based on data provided by Envirotogenh eSowitH atody] water use. It
indicates that total allocation hasimaee yfrd.@ afppléan im 2000 to

around 5.6 midlyearmin 2009/2010, with reportedfreatelr. 4 aeildisimg

m3/year in 2000 to 2.21%/méldioim ™009/2010. Figure 7 also shows the volume
of allocated abstraction where retilabsedataunk uovawva which has

fluctuated from around®/y2®MO0® anmaximum of approximately

720,000 wear in 2006/2007.

Figure 8 presents abstractions broken dewn hyowomg etinte total
allocation per use per year. |t sisothetpa¢dociusamt use, which reflects
the large size of the Fonterra condentsseb dvaeeebeen increasing,
particularly Dairy and IrrigationowoosmmptrssevhhiicBhnand 10 % of the total
allocated volume (2009 and 2010 data)ince®paraddt@0001. In

addition, a recent (2009-2010), largentmwuascdpanhtead for 400,000
mi/year.

3.2 Land Use, Irrigation and Anthropogenic Discharges

Figures 9a, 9b and 9c show the distrilbbuotiooss ahéabBdewmslemle catchment

for 1992, 2000 and 2005 respectiveédnt ploiatnoseénsalge from the maps

is the increase in dairy landuse akeossptresarefaaasubstantial decrease
in Sheep and Beeflanduse. The lamdwsesmaplsiatseasse in the area of
land allocated to dairy factory waslyewatereema?860 and 2005, when

the Leondale and Pedrian Farms bggwastperattandraminthe Fonterra

Dairy Factory. Table 1 below illugtpabesothi@ncshafgiand cover for each of
the six land use types across the Eeenlded2 anea2l0tsy.
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Table 1:

Land use proportions (ha)

1992 Area| 2000 Area (| 2005 Area (
Land use Type
of total) total) total)
Dairy 2534 (21.6 2962 (25.396081 (51.99
Dairy Factory Wastew{265 (2.3%)265 (2.3%) [870 (7.4%)
Forest Nursery 95 (0.8%) |95 (0.8%) 95 (0.8%)
Industrial 54 (0.5%) |54 (0.5%) 54 (0.5%)
Residential 28 (0.2%) |28 (0.2%) 28 (0.2%)

Sheep and Beef

8741 (74.6

8314 (70.99

4590 (39.29

With the conversion of a number thfefarmsstbecdairayn associated increase
in abstraction consents for irrigatibm d8eetadn i3rlgation takes place
across some (but not all) dairy farmmothttosu g emabmhergrass growth for
livestock, where water is abstracykid fraquitfree andedistributed across
pasture, with timing usually condtoiétedelfycstsil Mbistraction consents for
irrigation use are therefore not coime@/enekthatoaspmoportion of water

used for irrigation contributes to keichtargleegagugférac

However, whilst there has been a suimsthptaaleanofelasnnd allocated to

dairy farming in the Edendale areéacothse mtrech fofr liamigation is
considerably smaller and does notchppdargte® rsBew Jihis discrepancy

indicates that a majority of dairfdaendalwiahera thee not use irrigation.

3.3 Groundwater Levels and Spring flows

3.3.1 Groundwater Levels

Groundwater level records exist fwifehsiBEdenld®edb,Agdthough there is a

gap in the dataset between 1998 and 2t000ngRteagkeelampinaccre at six
different sites, five of which are momiaomed trh byn baldys and one
(F46/250) is monitored using an autamsatuc epr.e siSlueeldcation of the six
is shown

sites in Figure 10 and a plogpthshHowieagchydfotdirea sites is

presented in Figure 11la. Table 2 previdersitdertead | boafe $h

Table 2: Long Term Monitoring Borehole Details

Bore Diamet Monitoring
Owner Depth (m)
number (mm) frequency
F46/01yThe Grange 14.00 100 Monthly
C/-J R Hal
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FA46/01{ND Rayner [10.00 50 Monthly
F46/01{M Howden 15.00 50 Monthly
F46/01{DC (Clark)|11.80 150 Monthly
McLeod
FA46/02(K & T Norm|{7.70 75 Monthly
F46/02yEnvironmen 18.00 (Screeneq 100 Automatic
Southland 17 m bgl to 17.
bgl)

The hydrographs for the five siteswmam®ien gpldugetoas shown in Figure
l1la. The five most northerly wells comipocisea Gedapiviebyngpronounced
response to recharge, with levels2fhuctlubedseghpgropgraphs also show an
overall trend superimposed on thegseaslhldl) tmemar éFdeclining levels
are observed from 1995 to 2000, foblmwed B yoanride2®05 and a
subsequent drop to the present day. 1I0vgdablgthphGrebow a slight
declining trend, with current levelosvwarbufhd I@\5e s .b

The hydrograph in Group 2 shows anmechifilatteasespl variations of
around 0.5 m. Overall this hydrograpbh dame rsditgblhloy declining trend
seenin Group 1 hydrographs and cumpamabeesrdbs levelsomonitored in
1995. This hydrograph (F46/0192) ishl®catetthelpskotcndary of the
aquifer on the margin of the terrreeesmridgsidabattdischarge from the
aquifer. The relatively stableolbeedsrafledikenyotf this location, with

spring discharge buffering groundwater levels.

Other groundwater levels have beearmdnhtbeasidsomua trhere is

sufficient data to allow constructcomtofupsefzoorm200it, presented in Figure
12. These contours indicates that tdteroMemaldigectinodwis to the south,
although in the north of the area@ theesrteerilsy dlpwt@lbimponent, which is
interpreted to represent groundwatéehmhefldaiagraoRavelr. The contours
suggest that a groundwater dividetimay @xas€fjesk,newhich is consistent
with indications in the structureopomftdabes Gardhleignite Measures (Figure
3) that show a raised area just norolviofy OuatCeeelouth, the contours
indicate slight high just south of Edeirsdbikee [lyotnon peviain artefact of the
contouring process and the severalaweadl swithtlwatseamevels perhaps
recorded at slightly different time :nofcfaiabherclowe to the southwestern

boundary of the model, which is likelgffectspoéseumping.

The contours indicates that overpl$sduadlv- és gtemighahlthe main body of
the aquifer around Edendale townpbthtetoweard sothtdhes aquifer the
contours swing east, which reflecthahgeimmpocttbé diguifer to springs,

discussed further below.
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3.3.2 Spring Flows

There are two major springs in the aad@naakeaarde dvedl Creek, both of
which emerge at the base of the tearmoenadtofhehesocaguifer. Flow
monitoring of these springs has tmketemtlgceime¢eent®®5, although more
recently (since 2009) monitoring hleas ,beememogearéguly or monthly.

Monitoring locations are shown in Figure 13.
Clear Creek

A plot of flows at three points omrs®lreterddneBkgugep 14. Gauging at the
most upstream location (Clear Cretalkaetr Retttigniedic&tes discharge
from the aquifer varies between 10IthHeuagrhdaliddsle/fdpwa of around 25

L/s is more representative. The dlaseasdihcdtealiinittien.

Clear Creek gains considerably foontdtsopthre mreatl gauging point at
Mataura Island Road (1.75 km downstceaasiwgthoflownsaxnmum of 455
L/s and an average of ~320 L/s. tFhpweaattbhisapysreasonally with the
lowest flows generally observed dwmim@rsdihhgdire dtafldows occurring in
winter. Some historical readingseilldivaty thelre dsffrerence in flows

between Mataura Island Road and theecOnélraamika Bitrleam.
Ilves Creek

A plot of two flow gauging pointsr@esnehtes Cmeeilgusepl5. Limited data is
available at the most upstream g&€ugerkgdpaimst(eveens of the Quarry)
which indicates flows of between 150 L/s and 260 L/s

At Mataura Island Road (2 km downsameeo )thpusonfiserrece with the
Mataura River, flows in Ilves Creeé&ramor eods28io Las and, where
concurrent data is available for ¢waes dIrelek gwarmgtrconsistent gains of

approximately 100 L/s are indicated.
Spring Flows and Groundwater Levels

Wilson (2010) carried out a regrasiign@amalgy$lewelin Ilves Creek and
Clear Creek with groundwater levelshaits Edé& Mar®holehiocated on the
terrace edge close to the springs fQRilysie in0di.caTae that there is a
reasonable correlation between spnicwaftlorwlse aalds ,gmost notably with

flows in Ilves Creek at Mataura Island Road.

As noted above, groundwater levelsoincédblipl88savariable compared to
groundwater levels elsewhere in nherpreaecdnttoickfieét the buffering
effect of spring discharge wherebydwmateadeseilnageommanifested as

increases in spring flow.
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3.4 Aquifer parameters

A plot of transmissivity data fromhleoEalremnleasleviAbuifer is presented in
Figure 16. Note that there is rermatévedy piumpeédgntests where

transmissivity data has been calecudateth.is dataypgpaeasmissivity values
inferred from specific capacity datavé¢Wibobe®lihylhuaded, based on a
relationship from Driscoll (1987),jomhodhthe & heiduetguation. However

no data for the area north of OtaleCreek are availab

These data indicate that transmie sfinoitny av alaeism uam g% ®8y00 m
(based on pumping test data) to & dmiynwomunmeofwdsmern edge of the
aquifer, although the minimum valmeihgrieesd sfHAd0gon.m

Figure 16 shows that generally higledudsaasenfssinvdtyowards the centre
of the aquifer south of Edendale tpporwsemthticld efdgcts of the
palaeochannel discussed in Section 2n&8nRisRerctoedeidh ttrhis central area
are up to 980daynand with many other values in?/ebaggess of 1000 m
Transmissivity values are generéaldyebdmneesrofotherasiuifer and also
towards Ota Creek, with typical vtolud<Fimatyhe order

Assuming an average saturated aquofiewrdthDckmnetstse sé aransmissivity
values would suggest hydraulic cramdunpgi vitoymvaOumdd around the edges
of the aquifer to 980 m/d in the centre of the aquifer.

3.5 Aquifer Recharge

Variable recharge that contributesré¢b fjuctumaltwansrih the Edendale
Aquifer is almost wholly from rarircfahlp omight e frricnmo ff from the higher
ground to the east, where the outgmipeoMéasuGeseptovides the
boundary to the aquifer. The MatautadatdRipreorvideeapraore stable
interaction of recharge and dischalapgevtolsthhbkeadlburei adjacent to its

course.

The two closest rainfall stationsrea ahhe Whdeomrddahad s at Garvie Road and
Mataura River at Tuturau. A plootafisdailypovhintfftedse stations is provided
in Figure 17. Typical rainfall in t$eamderddh08Oamema/year, with

significant seasonal variations.

Recharge to the aquifer has been socsifimatiestuusibglance approach. Soil
properties have been determined baaktd atra shidetteschnid Profile Available
Water (PAW) values provided in thlkel&mnd/ iGd8nmsertsSohuape file. The
distribution of soils and PAW valuede arpwisgetrhis Ehewdain Figure 18.
Potential evapotranspiration data mathdeawetrackergiffoClimate Station for

use in the soil moisture balance model.
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Recharge Volumes

Recharge to the underlying water tratvleenathe slyilomousture deficit is
satisfied. A plot showing the calioud steerderse shmcgel 995 compared to
rainfall data from Garvie Road is p9ovideichdinc &tigairthat average recharge
is in the order of 250 mm/y. This verlenecidadoreehahhga estimates (e.g.
Rekker, 1995 (390 mm/y), and Evans, 200dwBeMeér3 nhm/d)$crepancy is
attributed to the time period for whadksreackacgkc elssited and average
rainfall for the period 1995 to 2MmMeisheoticeiabbyll for the periods used

to calculate recharge in previous models.

As noted in Section 3.2 additionalrreshargesehknodcicrigation. Based on
data provided by Environment Southdanly 8hierégateoawuconsents within
the Edendale area, which cover a aothldriag@®taomnf 280elm these consents
has been factored into the rechargeecadciglattiiomds wdded to the rainfall
time series when soil moisture balanceidgatisnass@s®umed to cease
when the soil moisture balance reavbbsm&lathdaeddsthenstrained by

the annual volume limit applied to ddctiongnigeingatianais assumed to

take place only between November and April.

Irrigation using wastewater from Isloe breemteakeemasta account, based on
the same methodology. However, tbdroomigheiddonbduma irrigation
consentis not constrained by the ammapaliedl umeéhléenFonterra
abstraction consents, because wastvewadierrecslglémodethe Fonterra

factory. In addition, this wastewsasemerdiyattianeiplace year round.
Timing of recharge

An examination of groundwater levlelsl ateerdpreereldatgecandicates that
there is a lag between the occurredcenodffechanggraundwater levels
(Figure 20). This lag is interpreatepgthoofetthectvaher table beneath the
soil and the delaying effect of tlhepowdtbythgtlaessprevalent across parts
of the Edendale area. Figure 20 indicanebethaast hhuishlaas 6-8 weeks
depending on rainfall intensity, éepahdtahgeroebincdwmatss of the loess layer.
This lag has been accounted for inlaheoneschmagedcahca distributed grid

of depth to groundwater and loesdé¢ldichnesrechsoredongs.
3.6 Summary of Conceptual Model

Figure 21 presents a summary concepetausad smoakelroingrwithin the
Edendale Aquifer. The aquifer eehysitdtin gfravedlbdirace overlying
relatively low permeability stratae oM ehdguBGeg.e Tagthi¢ west, the aquifer is
bounded by the outcrop of the Gore MigmiedgMeafstmesterrace aquifer to
the east is demarcated by an abrutporchewhgeeimléleval gravels cover the
flood plain of the Mataura River, wmshhesffeasiteehy bfoundary of the
aquifer system. The southern boendarfoomehldebsqgfwifther outcrops of the
Gore Lignite Measures. The terralte pomtth eof olu¢ Baea.
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Variable recharge to the aquiferiasraimfast, whdllgrooundwater level
fluctuations indicate that recharge reflechesthhseowaetelelay depending on
the depth to water and thickneso ®dsthle po=itlsy.inighé aquifer discharges
toa series of springs at the southider,ealdhofugtheifidqs likely that some
groundwater flows into the adjacemthdtluwiabseavehdly discharge into
the Mataura River. Relatively flat glosadiwatlee $@vierigs indicate that
the springs act as a constant head dsstrioamgteh d cagrud e, with some
fluctuations in spring flow dependihgvehs gvothhndwheeaquifer.
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4.0 Numerical Flow Model

A numerical model of the Edendaleddwalidpedhdaseedemn the conceptual
model outlined above. The aim of utHatemqpbakensiad samiation in
groundwater quality and quantity unféehe nEdesgplaiseAgo potential future

changes in abstraction and land use.

Simulation of contaminant transpotdrwdélpieindsooamdaveeliably calibrated
groundwater flow model. The sectthendebedowandeétaalibration of the flow
model. The groundwater flow modeddhasibagethadvEGSp MODFLOW -

2000 program, and its associated packages.
4.1 Model extents

Figure 22 shows the locations of the nichdeWw dbottemrciarn®sthern and
southern boundaries of the model caaeie N,owhooh doaurmonsistent with the
geology of the area and the surface partmesepidityhleal®evment strata for

the gravel aquifer which is formdatdebMetheuGeosre Lign

The eastern boundary of the model isdrepliesvesn ttehce biyneaof the Mataura
River; whilst the alluvial gravels raxeandsheapoted albove in Section 3.6,
the Mataura River forms a flow boulud/aay gridiwerlstlhae atl is not expected
that any significant groundwaterrdmwowe wlidd® cocfuth®e river to the other
side, However, the Mataura River @éntexpincihlg memreelsso that

groundwater within the alluvial gmaiitbélisheamvieteascrtequired..

The model extends north to reach Matarworantbwat.erWlhbinsdurs indicate a
possible flow divide in the regionwdhfichec®ubd Goemka northern boundary
to the model, the extent of flow thsast thasy divéde asruncertain. Therefore
the numerical model has been exte@dedakp st ttthaet Qtaundwater can

move across the divide if requiredn ahffke ¢hiv ehy dleclteamine the precise
location of the divide. The northerdekxearcthef ttihhe morthern boundary

of the terrace gravel deposits, base d bNi® dauailfrlboummgeological map

4.2 Model layering

Borehole data within the Edendaldcarneaahyesigoifimaint layering within
the terrace aquifer itself and aldhasgheackobed laysome boreholes, the
extent of this loess layer is poanbyodefenmeit.allmMmoberement of groundwater
it is possible that some groundwater dvdeélsinrtdien aquotigh to the
underlying Gore Lignite Measurestivhveowefferenbe beltaveen horizontal
conductivity within the gravels amndityewtithah chedGore Lignite Measures
is such that any vertical leakagdhfeoagquhferbasld d6drm a negligible
component of the water balance.

The aquifer has therefore been modadgldedwishaspiatgaely variable

hydrogeological properties.
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4.3 Model discretization

The model has been developed on a,2xemdiggaffromriedasting 2179500
to easting 2192100 and northing 541839839500 noThreindimensions mean
that the model is defined by a grid odol@®nowsTaredgidd spacing is
considered a reasonable balance beftieiemtadkeiavingithin the model and
representing the available data anth€&igwree2grsthoowerlaid across the

model area.

Groundwater level data for the Edeabdaléramed 985gvgaenerally at
monthly intervals, and abstractienfroataairsuavhid@BD. To represent
known groundwater levels, the mofrelmtHeres other cugls to 2011 with

monthly stress periods, giving astpealoalfs201 stres

4.4 Model parameters

4.4.1 Recharge

Recharge to the model is applied usérdahge @ODadgeWbut the values
used within the package are calculMCRFéeXXWrnalhye tprocess by which
recharge values were calculated fisodes.Grameddirmigation data is also

taken into account.

4.4.2 Springs and Rivers

All streams and rivers in the modeteareaimagethepMeGPFLOW stream
package, which has the advantage tHatvialoamy aberkedargth of each
reach. Four parameters are requtireams ueipresbhetsireams package

namely:

AStream stage

AStream bed top elevation
AStream bed bottom elevation

AStream bed conductance

Stream stage has been set, whererpegsdhlta, tesingxample around the
sources of Clear Creek and Ives @redek.ns$teaamfisdmgthese points, or
where survey data is not availabld, nmabselboere rs srfa@es elevation, whilst

ensuring that stream stage decreawerstime atevation d

The stream bed thickness (i.e. thendtilite se ne@mbeéewletop and bottom
elevation) exerts some control otheldw fEraogilyhwaderream to the aquifer,
orvice verlsmathe model, the stream bed top es$evattd ot 3 as helow

stage (meaning that the streams acen nleéel)lech dshx0stream bed

bottom elevation is set to 0.1 m bedotwpthe stream b

MODFLOW Stream Conductance (C) repeeisdnds dredl afffacas the rate of

groundwater seepage into, or out efwalye stuefabyg deaftining the amount
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of baseflow to the stream under vaewicdigcgnautnidwatemThe value of the
streambed conductance is difficultely arechsus e beretcivalue is perhaps
best determined by achieving adequafemredaldeedngadiomdwater heads

and stream flows. The locations of miseaneosllediverd istrieigure 24.

4.4.3 Abstractions

Consented abstractions in the modély ahe rdpPr2Ee®@M dvell package.
Abstraction data within the Edendaltegrodedlayeavasiable on a monthly
basis and in most cases only annlableptaésmrmimeg ahait the distribution of
abstraction volumes through the ywaweseunderthéncase of the Fonterra
abstractions and municipal abstracdioihg,foronhélFomterra abstractions)

data are available.

Where data is not available on ahasomtthdy Hastiispbuted through the year
depending on the abstraction usentslarigastebrtocoalse their volume
between November and April, with thre Yodumrey pavdakieglairy shed
consents are distributed evenly adrygssetshhso hylpetwkem August and May.

4.4.4 Hydraulic Conductivities

Figure 25 shows transmissivity vploé stphlotttierde cconbours for the Gore
Lignite Measures. They indicatanbmt sthieihigherbsrerved in the Edendale
Aquifer generally correlate well teithneh e fafgher paeillmaochannel, where it
has incised into the Gore Lignite nMoedbeslutlees .infhiaheistribution of
conductivity has followed this padoedmuctwiminibsghesigned to the
approximate outline of the palaeochalnesl asasigiedecutside this area.

Groundwater contours also suggestemeds gquroorahdofa®er Creek rise
relatively abruptly, suggesting adshh@gremlogangearathgters, most likely
conductivity. The initial distribugirerflettsonhlisctiomceptual understanding

with a lower conductivity zone north of Ota Creek.

Alluvial gravels are generally highéyefermemtbdeeantliuvial gravels are
identified on the geological mapyahlaigt eceom disetdvitA high value of
conductivity in the alluvial gravatsgabsamewstueesdh discharge to the

Mataura River.

Figure 26 shows the initial condultuivoty zomeess addsdasis the model area.

5.0 Summary

This report has outlined the conce mtreal rmordeé dffrtdim the existing
information available and the nunhardclad emogietl upatto represent these

processes.

A numerical model cannot perfectlypregreserst, datasmadt least to the
complexity of natural systems and empfethecte ksaiost kedilyg. However,
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based on the conceptual understamdithgnofherageissers and the ability of
the model to represent these procelsseosdetlhefntthreeEidceandale Aquifer is

expected to provide a reasonable repretugaiapromr esfstths that take place.

Some information gaps exist in theyawktd, rmepeatotabhydraulic
parameters north of the Ota Creekeandeth@emefarrecemeainties in this
area. However, these uncertainteelspsbwudddba bkiatisfactory calibrationis

achieved based on a conceptual ungeosesrseingneb lthed .

The next stages of development focotheletedeheateansient flow model
calibration, based around long terof moreidorifigwhsatand groundwater
levels. Once the flow model is sattésfadéoeilypeadndirof the contaminant
transport model can be completeddefafLlimthaeheepalibration of the flow
model and development of the contaondebwiltrbe sprontithed once these

stages are concluded.
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Figure 23 : Model Grid
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2.0 Calibrated Model Properties

2.1 Hydraulic properties and distribution

Table 1: Summary Calibrated Hydraulic Properties

zone Location Hydraulic Conductiv| storad

numbe b
1 T 16 0.15
2 60 0.15

R

3 360 0.15
4 T 39 0.15
5 R 10 0.15

Zone 1 covers the area of the modhed tertheewedgeofand north of the Ota
Creek. Hydraulic conductivity wetthtno 1Bim/dowethsthe value based the
lack of wells, indicating low permdethbe | nteyesittatamaach observed

groundwater levels in the area.

Zone 2 represents the alluvial grlaeeMsaitadjrac Rivdp. Alluvial gravels are
typically highly permeable and thtdvhtyd maid hilm cZoomdeu @ is set to 60 m/d.

Zones 3 and 4 representthe EdendaleuTerobdbea®@uafedreek and west of
the terrace edge. Zone 3 representsd thatpislakeoschhnne run
approximately north south acrossexhenteofatdee p@haeeochannel is based
on transmissivity values across ahddytermacm pass dsothe higher
transmissivity data. Hydraulicscandacitiviey itm 860 m/d. Zone 4

represents the rest of the terracaudireax,owdheceiviyylris set to 39 m/d.

Zone 5 occurs at the southern end opfriehsee madthleafldod plain of the
Mataura River adjacent to, and eastd othethseptievgactdhat form the

0253550R002 & R
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discharge point of the aquifer. nTthedsceandacitsvsey to 10 m/d and is

significantly lower than the relotodf ptlrag nabldijei@é nft to the Mataura River.

The reason for this much lower hydrawlased mducthevimechanism for

spring flow along the edge of the teirsmctarQhe meccthraence of springs
would be a sudden change in grourdivh@teere bevvatiogppea However
groundwater contours within the mejaitfiee liyn gierattle groundwater gradient
dipping southwest across the Edemdaha warreackeaalds gome distance

back (i.e. west) from the terrace ethgealrey astiiminarofothe springs at the
foot of the terrace, indicating tthsatanhierlecitsangesun groundwater elevation
at the terrace edge, An alternative meehspriam fboweiserhat there is a
change in hydraulic conductivityeatrntiespeimgseoedgr as a result of lower

hydraulic conductivity at the edge of the terrace.

Spring flows resulting from a chandeciivhtyiautlhe enechanism used in
the model. The Mataura River floweslythrough asaklleaytimn the area of the
springs, which may indicate thatl aw,tifimesd ioffghigahy foccur which would be
contained within the relatively rearpewmweadbelity lsiits would therefore
build up in the area, reducing thkhepgravedbdiddjjpodntt to the river and
therefore causing spring flows. Thissnecfiamiistin alppp@aailable evidence
and hence is used in the model, adtdatghsnaviaolreble in the floodplain

to provide additional support for this mechanism.

The extent of the lower permeahititty sli¢tfsnies anfifithe hydraulic
conductivity zone representing ththesefdeporséesn Mdedineated based on the

occurrence of the springs and theumuia@tRivoértHeoMhatmain.
Specific yield is uniform across the sreddtol aakwe anfd0.15.
2.2 Boundaries

The main boundaries within the modahardreheensbreedamenductance was
also varied as part of the calibratiremmTihedhighdsttance

(10 000°mday) was set within the springs obluaherac bo wndtdirey of the
Edendale terrace, while lower stre®m diodedycweneaisé¢d for the main
line of the Mataura River. WPhdlesyt i1sO a0@0gm stream bed conductance for

the spring fed streams, itis calculatbadwbhmag ddomutheahd values:

oo erw
T M

Where:

C = Stream cell conductance

K = Conductivity of the stream bed material (5 m /d)
L = length of the stream reach (200 m)

W = width of the spring stream (~2 m)

M

= Thickness of the stream bed material (0.2 m)

C02535500_R002i2_ModelCalibration&ContamResults.doc
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Given the very high conductivitytbf threaaglyifetraach bed material 5 m/d
was considered likely lower estimate ofistcoamultéid htwdraven despite
this the stream bed conductance i® wa&lrou hd gehd vteol tbee 0o £/H@GY 00 m

in the stream cells representing é¢hevalprén@sOdas)ewas used in

stream cells representing the MathersilRyveatdue bd tts bed.

3.0 Model Calibration
3.1 Groundwater flow patterns and contours

Figures 3 and 4 present contour maps effweadgtednawlaberscontours for
March 2007 (Stress period 145) respecthoalya gE€hermldpsgood
agreement, particularly over the kelyeEedetmedatiéfbarence is generally

within 1 m.

The difference between observed gnadumabwealed llewells for March 2007
at various monitoring points is ateo3pldtosdtiore Eiigferences (shown as
blue dots) indicate the observed levidkesd dee allso wehmmedaes negative

differences (shown as red dots) indiewaekstheeolswervehan the modelled

levels.

In general, the plotted differencesstenhRitgmreed® limdiigroundwater levels
are approximately correct or slhghatlye dotwe hwgernmta Creek and north of
Edendale town. Conversely, levebsvaime thlegdrtéw tsooouth of Edendale

town, but are approximately correratcel msa gin timethee south of the area.

Whilst the match is not perfect, ithahothled bleseoted groundwater levels
are representative of a particulhergaimmthe miodeeled levels represent an
average level for the month around absetrivead vghenntdveater levels were
measured. In addition, the modeltethkeepédzompteixehevel at the center
of a 200 m model cell which may nparladleitecolyseoned levels at a
similar location, both laterallyearddnygeotrictehiéysdce@en elevation in the
observed bore. Figure 3b (below) ploti®lelsgroeddanater levels for
March 2007 graphically and shows ahlgt aheecedimgeatebetween the
simulated and modeled results.
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Figure 3b: Modelled versus observdd goouwhancat@0O0&ve

Overall the match is considered tre pree sendasiomabfegroundwater levels

across the model area.

In the area north of Ota Creek, nwadisleldy Iteovee Ilsigalreand too low, which
may reflect undefined heterogeneidoimldhbe aodad tthat much less data
exists to define transmissivity propehrerebyidrabkicarea north of Ota Creek
and it appears that there is lessa fiocuesrms bHisatreer resources utilization.
As a result, lesstime has been spehddtc ffiflercttiomen this area.

Previous groundwater investigatioWslq®ke,kR8d,01988ye indicated the
presence of a groundwater divideOta Ohreekciitg odsults of the model
indicate that there is some movemeanhdrodivhéegrouatdoen with seasonal
changes in recharge. However, in ikiedéeongmteirms thegeély in the same

place, slightly south of the Ota Creek.
3.2 Groundwater level hydrographs

Figures 5a to 5f present modeled andtebskydedggaphrsdior six long term
monitoring points across the modewiame ahe Aomapiosthso of these
monitoring points is presented in rgphes Gar€hephiydimto three groups
based on their location across theaabugfeupriesa disd essed separately

below. Table 2 provides borehole de¢amenfiaoréeaghpofnts discussed.
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Table 2: Long Term Monitoring Borehole Details

Depth (m) Measur
Bore owner (Screen deta Diamet| Monitor| Averag
number unknown unld (mm) | frequen gqepth t

stated) water (
F46/01{The Grangé¢ 14.00 100 Monthly| 6.49
(Group|C/-J R Hal
F4a6/01 ND Rayner 10.00 50 Monthly| 5.80
(Group
F46/01{M Howden 15.00 50 Monthly| 9.81
(Group
F46/01{DC (Clark) 11.80 150 Monthly[11.19
(Group|MclLeod
F46/02{K & T Norm 7.70 75 Monthly| 5.69
(Group
F46/02)Environmer 18.00 100 Automat 12.84
(Group|Southland | (Screened fro

bgl to 17.7 m

The comparison between modeled anadtebslemedd gablumdw three
different groups, as described below:

Group 1

Monitoring points F46/0250 and F46/0d98b()Fdgeibeog b hoanated within
the main Edendale terrace, between tthendaae Ctroeverk. aksl Eoted above,
modeled groundwater levels in tlyismoea abseghigdtlievels, and this
difference reflected in the hydroigra e, apgptio wifmahely 1 m above the
observed level. However, the modelexd adyidra groagpchfrespothe observed
magnitude of response and the modehlpypsams ltate eadsoiute changes

in water level as a result of seasomagyehanges in rech
Group 2

Monitoring points F46/0185 and F46/0d99d(Fdgares &tednwithin the
main body of the Edendale Terrace Tsowmnh oMV okicd hedtaeater levels at
F46/0185 are below the observed lewell b5y m bprto ke maltelat F46/0190
are a good fit to the observed daeahy &riogitaphystim tGroup 1 above, the
seasonal simulated response is a @rovoed fiée dponses obs
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Group 3

Whilst the two monitoring points OR2 grfogpr& bE46nM@1F46/0203, Figure
5f) are spatially separated, theyharehgreulpedausgeboth are located
close to the edge of the terrace andexhebof gronaldwater level
fluctuations compared to the hydrogaaghX. i iGe aoupadeled levels at both
these boreholes are a good fit todsheidtbsabsedutevievels around 1 m
above observed levels in F46/0192bseérwerd lelosles tim F46/0203.

The muted response in both is inteuptrefethteo bueffariaeg effect of
groundwater discharge to springdadbhthereicahésy ofThis muted response
is closely simulated in both bordhalteshesmpgedtiegproduces the

buffering effect reasonably well.
3.3 Stream hydrographs

Stream hydrographs for Clear Creek,ulvresm@urdesbpramg at Shield Road

are presented in Figures 7a and 7b respectively.

Observed flow measurements are affeilabtepaintisraéodg Clear Creek,
although records for the most downasmrikanC poéktc(dhtféuence) are only
available between 1995 and 1998. FihatenfTadeneéidcdtews at the
perennial source of Clear Creek atemadmeé waktth owvgheis should be noted
that modeled flows represent stre@fh mashraamossaa 2, rather than
representing flows at the source.amfumtheeldowhswrseare much closer to
observed flows, indicating that the aiimsu bapterdo sitmeagd mlg the correct
amount between its modeled source antdath® agtawgangspsorid Road.

Figure 7b indicates that simulate@rfdeWwsamd ommgolo@snatch to observed
flows, particularly downstream athhdée dhdtaenczeRiwier, although
inevitably some peak flows are urederedseimbérecchusetihe groundwater
seepage primarily only contributeéers tlhetserdameflSomilarly to Clear
Creek, flows at the source of lvesatCpeekesntéemsasotmdwhigure 7b also
shows a plot of simulated flows ahdghat WhnehdeRosgpdj which is located
to the north of Ilves Creek. The siisulpattiend Blmews gqoodh match to

observed flows.
3.4 Model water balance

The overall water balance for theiengieesemaddlasraatimeseries in Figure

8 and a steady state water balance floartdha isnpirrees encteéel in Table 3.
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Table 3: Steady State Water Balance for Tatal Model Are
Inputs 3(ohay)
Recharge Stream Los Wells Total
94575.39 1158.0 0 95733.4
Outputs®/(dmy)
Recharge Stream Gali Wells Total
0 88720.2 7012.4 95732.6
Table 2 indicates that the water th@alaraocey csligse$§ioaht discrepancy
between inputs and outputs. The mpljierdtyootthe ahnedealpas recharge

finds its way out via streams, wntlsa abistoaittyioake

Figure 9 shows the estimated catchmemgsarleat a@frahre the terrace aquifer
and Figure 10 presents a water balearema fomehfsrctite length of the
model A summary of the watem dteelady es,t bteeseateos is presented in

Table 4.

run.

Table 4: Steady State Water Balance for EEdeAdaliéeT area

Inputs (m3/day)

Rechargg Stream Lo Wells Flow into catg Total
from north

54,312 0 0 3,182.2 57,494

OQutputs (m3/day)

Rechargg Stream &4 Welds Flow from terr Total

alluvial gra
0 39,149 7,012.4 11,333.9 57,494
Notes:
1. Stream gain excludes groundwater hiseHbhsdesattedtpmathe ripa
2. Abstraction and recharge based ons2007 average rate

Table 4 indicates that the majorityoofthwaEde rmpaplleeTerrace area leaves
the terrace via the springs locatkea@uatdary.sotHiolvermer approximately 20
% of recharge exits the terrace as saeprigeipratroathaeccujfer. In addition,
a small proportion (5 %) of the totAdengdate tetroatdee aquifer occur as

flow from the Ota Creek catchmentto the north.
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4.0 Model sensitivity analysis and uncertainty

Groundwater models suffer from thienfaistingapaaasoétiers that provide a

good fit to the observed data maythat dldeurnegiee ¢ombinations of

parameters could provide an equaklyedogrd dintdtnoaberséevels and spring

flows.

points across the model

area,

This problem of non-uniquaenmsseids wssmgllay viariety of observation
andatealessi® mtromoed ¢bsthis problem than

steady state simulations due to thseitr ofookse@evailieshs which constrain

the combinations of parameters thatodsre meqpdidata .t

One way in which the uncertainty incmnded paadwmeettedss by assessing

the sensitivity of the model

parameters to which the model

resphlstitoou ldlrapgesmieters.
i mdgtd yb s emestitevecbnstrained,

In general,

the parameter values fall within darbde pSumrohMinies.a list of the key

parameters used

value of that parameter.

in the model, togetbaerofitheamonddkic sensitivity to the

Table 5:

Sensitivity Analysis.

Model Paramete

Sensitivi

(and effe

Conceptual R
of values (a

selected val

Resulting Ran
RMS®Evalues f
Heads (RMSE

selected vall

Resulting Ran
RMS*kvalues f
Flows (RMSE

selected val

Conductivity Zone 1 Medium 10 m/d to 25 0.019 0
gravels north of Ot{ (heads n (0.185 to 0.1 (6.1 to 6.1
(16 m/d)
of Ota Cr
(0.170) (6.1)
Conductivity Zone 2 Low 30 m/d to 70 0.015 0.3
Gravels adjacent to (0.178 to 0.1 (5.8t06.1)
. (60 m/d)
River)
(0.170) (6.1)
Conductivity Zone 3 High (heg 200 m/d to 40 0.146 4.3
(Palaeochannel) and stre (0.316 to 0.1 (9.6 to 5.5
(360 m/d)
flows)
(0.170) (6.1)
Conductivity Zone 4 Medium 20 m/d to 80 0.005 0.3

gravels south of Ot

(39 m/d)

(0.185to 0.1

(0.170)

(5.9 to 6.2

(6.1)

Continued Overleaf
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Table 5:

Sensitivity Analysis.

Model

Paramete

Sensitivi

(and effe

Conceptual R
of values (a

selected val

Resulting Ran
RMS®Evalues f
Heads (RMSE

selected vall

Resulting Ran
RMS*kvalues f
Flows (RMSE

selected val

Conductivity Zone § High (str 5 m/d to 30 0.020 3.4
River floodplain ad flows) (0.190 to 0.1 (5.4 to 8.8
) (10 m/d)
springs)
(0.170) (6.1)
Stream bed conduct Medium| 400 m/d to 10 0.020 3.3

(stream fl m/d (0.19 to 0.1 (9.4 to 6.1
(10 000 m/d
(0.170) (6.1)
Specific yield Medium 0.05 to 0.2 0.005 0.9
(groundw (0.199 to 0.2 (7 to 6.1)
(0.15)
level resp
(0.170) (6.1)

/stream fl

Notes:

1: RMSE represents the Root Mean Squragemdolerlded gmpundwater levelsdtoabdrskavels g
recorded around March 2007. A smatésrciaomereagneléceent between modedled redvwdabdrs ¢

2: Whilst the RMSE value for streamiviédow $argecmmgprared to the RMBSBsE dfiwe heabs, diff§
matching peak flows, which skew thelpegelrtR MdSMEards

3: The final RMSE value in the moel@dswasd061Y for hlows.

Table 5 indicates that the two keycpathenetedsltbos whost sensitive are
the conductivity of the palaeochannieityndftheneohidec which represents
the Mataura River floodplain wherehet sSprangasce®dtreambed conductance
is also a sensitive parameter affestimgmhféomsddiedeneral the values
selected for the calibrated modes$udtedttinsa ltdvaerr&@® MSE while remaining

within conceptual limits.

However, whilst the sensitivity camadywisy igfaimlesfeating the effect of
different parameters on the modkouwlalitbeartoded ithe overall calibration
depends on the effect of an optimuwurhl pamaireateion. ofn some cases a
result in

change to parameters can result im amempeayehudend worse

others which is an effect that maiywmeosimgleapuumrbdr representing the

fit of the model.

Therefore, whereas increasing thevhtydbeybicdc4@@uniday in the
palaeochannel may improve the overgltlo RiviSveat emoleeleld tend to
increase towards the north of the wtaiils tteemdaucce nggrdarther towards the

centre of the aquifer. In additvaludbe eguirédhdgdre not justified by
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pumping test data and also resultsntougrsotumaltwaters¢oongly influenced
by the shape of the palaeochannelremhicrhciesnhoursppased on observed

data.

Limited data is available to helpecofiscoadudchiesitplin the riparian gravels
close to the springs at the southefer.enGiwdnthibeagurong influence of the
value of conductivity inthis zonegftheneohdscoimvetygf the key

uncertainties in the model wherenfuralyeb ei n/faolnnadt ieo.
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5.0 Contaminant Modelling

This section of the report aims to supimalrisredelretaodcreg of
contaminant transport within the ffodcersdahg pgiumbai|ly on Chloride and
Nitrate as the two contaminant spethiemstb® @ogudéen and the results of
contaminant modelling of those spewata.ndehstaadecreg of contaminant
transport revolves around the hisboryinfteomsamfinattial concentrations

of contaminants and the location dingowtiamimahe laoquifer.

Contaminant transport is to a largredernteon aheofdew regime which is
described above. Note that Environsemt, @dth) prodwed a detailed
technical report for the Edendalel Ad@sfenfowimiecthoim on the history of

contamination within the aquifer andwtldeaswsmomatiiberleport.

Sections 5.2 and 5.3 of this report detchtamipatiennfor Chloride and
Nitrate, together with a descriphiprapgroreechmadetlito represent the

patterns of contamination.

Section 6 presents the results of @hmoordeéliammdtbdlgerthter with conclusions
based on the modelled patterns ofncomtthei ratiofersee

5.1 Selection of Modelling Code

Various modelling codes are availad I otwe megrte ®é ndontaminants
through an aquifer, however, givadrelthaastide viébaypend using MODFLOW
2000, an appropriate choice woulddeethamoseddimpadoble with that flow
model. Two main codes are availalbéeretaniyimly friomplistic particle
tracking program MODPATH, to the MdReD Mdp hwidticlataldows
consideration of dispersivity, retandadnan coomd aswirbant decay processes.

Both Chloride and Nitrate N are conisethatinmeispeciendergo significant
retardation within the aquifer mathiex nmaih theoedeseby which the
concentration of both the contamiinsgretrssireduc@svesn dhat MT3DMS
simulates dispersion and that reasomaabliyapoe dodatantaminant
concentrations through time, allolwiesgtdi bpecailomrated and refined, the
most appropriate code is thereforeMd@®msNidered to be

5.2 Chloride

5.2.1 Pattern of Chloride Concentrations

Chloride is a relatively conservanivieatointamdengqdes limited decay and
retardation within an aquifer. ThehmahinChmiocidses mgves through an
aquifer is therefore advective traimsiporNadndadisperces of Chloride
include rainwater and mineralisatwanefromterrcacckiand however, high
Chloride concentrations tend to beacfraochivainidsppogleunding wastewater
and effluent discharges. As suchu£edoasdeniimaifcanor of overall water
quality.
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Figure 11 shows the maximum concentrtatidfheoéndhdotredeacross the
Edendale area. In general the highease ceremeatoatid Edendale Town,
with a maximum concentration of 296.m@hbln @a¢ nRAHYidH%s south and east
of the town generally decrease, wiemhttheidos s®tenoim boreholes close to
the southern end of the aquifer. ibgnigoteCmlowroheétat borehole F46/0336
is presented in Figure 12a, togethantwhbhedttlersreghd6/0246 and
F46/0344, Figure 12b and 12c) and ireixlktirero agbleanrve, with a steady
increase in Chloride concentration2 frfoohl dWe8d by 209teady decrease
from 2002 to the present. Breakthadlwghnducazee ttlypipassage of a plume
of contaminant moving through anngaqafiftdre bThekttimbugh curve
suggests that the source of contabehartéeoh00@cuingdrestingly the
maximum concentration at F46/0336 foecuhse imaXlMmlumaconcentration

at F46/0246, which occurs in 2000, dbespgtdok46é@2d6wngradient of
F46/0336, suggesting the presencgerfeatjesfen hkiserarea.

Further downgradient of the farma@bhsrideboorbeherF46/0709 (Figure
3d) indicate the passage of a relaitivee | wdtls pceorrseelnpiations at this
borehole showing a broad peak of am®®d 1116 t@IB,fbefore steadily
declining to the present levels of around 50 mg/L.

The pattern of Chloride concentriatiamd beoblp osrmdtyais consistent with the
known history of Chloride contamagatfen. wMariarutee Farm, located some
2 km north west of Edendale Towmrfifduesndddispodkairyand during the

1990 s some problems were experieonoedrieinh lreeagearihg at the site with
elevated concentration of ChloridemNderateteacdhdnSprdbundwater.

Partly to overcome these issues an wmdstiéwatersdisposal was purchased
at Inglemere Farm, located some 2km sownh dh Bdlagntdian, land
management practices were also reéilntarmst téred diilspadairy factory
wastewater also underwent additidnialgti e altomeert ceseaentrations of
leached Chloride. This pattern oft€talaeilbhdilvedghlinggh concentration for a
number of years, followed by a subisegaféatteaddurctiloe borehole

concentration patterns, and suggesatslitdve passag e lafme.

Data from borehole F46/0335, locathe WppgaadaelRarof, indicates that
background concentrations in groundQvatgfLatre 45omg4dL.
Concentrations in boreholes located MMawasieneBmrmfhtave reduced to
similar levels, suggesting that the hmlas passfe € thamugh and that limited
Chloride contamination is taking place at the farm.

5.2.2 Modelling Approach

The conceptual understanding abowed cianthe mephelsasta constant
concentration source of Chlorideid@mplaedhte ltheeattigum of the Mararua

Farm. Based on the available evikdéynd¢bhatittisisemsutice was present at
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least from 1995 (which is the stawrmoaded)odntié dtound 2000, when

Inglemere Farm began to be used dlor effluent dispos

No dataregarding the timing of wastbwewawermapPddatind 2000 is
available, however, wastewater pdaduytfi@aantdrgnwoliéd be relatively
constant through the year, and thedefposatastewmsedered to be

relatively constant through the year.

Concentrations within the modellefdreosedet@rmee ttkebetween around
2000. Beyond 2000 the concentratismmatéhledcasrgeadually reducing
until 2004 to represent the effedh dhe hlosaderat¢eld zone flushing
through the aquifer and the impacChibrigddkcucoimaesnitmations in dairy
effluent begin to take effect. Indicsopgusicvtitgnpaitimeters, the source
concentration of Chloride was affté¢redsuathHiavieesto the observed data.
Independent information of the soust&€ Kloorceatappildied to the dairy

factory wastewater disposal farms was not available

5.3 Nitrate Nitrogen

5.3.1 Pattern of Nitrate Nitrogen Concentrations

Similarly to Chloride, Nitrate Nyisoals®eraatevattwaltaminant after it
passes beyond the soil root zon®es$nlithmattedt tuadefgrmation within an
aquifer and experiences relativeoyn.linfitedneenapdacess by which
concentrations will reduce with dicstaand fromm s sberefore via

dispersion.

Nitrate N is required to supportwHane Hliomattre, Mus in excess of plant
requirements it can leach from thehsoihpeplfylagimtrooundwater. Some
leaching can occur naturally, buttidlisasées aheliedeo fields, or Nitrate N

rich water from irrigation is ape@diedn limecalkiange rat

Figures 13a, 13b and 13¢c show maximunrdltitorasef N samceElers within

the Edendale aquifer in 1996, 2000iaaeby 2W0bhretsgpdand use distribution
for the same year also shown on thpdoganmiklydiortateThhee change of
landuse from sheep and beef to daitreyadypdrisegige dtitaate N
concentrations, implying a possilitateink benwertraNions and landuse.
However it should be noted that threschtemdeacs osst the whole model
area; in some areas a significantycbawmeuseoaptwedas to have had no
immediate effect on measured Nitrase Nactoongkartiyatnothe west of the

area.

The plots also illustrate a clusttee ™ odomigeretr aNibrras to the south of
Mararua wastewater disposal farm,awNittateal pdtilrmetemerging from
the farm. However, itis notable shdad somidapeodume be present around
Leondale Farm or Inglemere Farm,ymsumgestemeahntatisfaeffective at

mitigating Nitrate N leaching. tlhaitsthkescloetablef high values around the
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south of the Mararua Farm seemswvieHaltittkdycbbhatge, between 1996 and
2005, which could imply that eitheontamteamitreaisonofntinuing, or Nitrate

Ns are long lived within the aquifer matrix.

Given the history of landuse chaimgnee wtitdiid the catctplicating factor of
wastewater disposal from the daialy sfidesony oatnslevtesr area, Nitrate N
pollution within the Edendale Aqwadfrepleéex iaredidaffigult to constrain on a

spatial basis, particularly in temdsngfrdtieratdrdugh time.

A plot showing the locations of Ignlgotehm|lmomidoass Edendale is shown
in Figure 14. Figures 15a, 15b, 15c andNlédnslkowrBitoasemeasured in
groundwater from bores around the liheaEedk mdvalye faoea the dairy
effluent disposal farms which indicrete shbwt ahsdeady rise in Nitrate
concentrations (F46/0335, F46/0709 tdndnFin6c/10ela8s%) fwom an average

of 6 mg/L in 2000 to an average ofAImykelsentiRrle0 boreholes are
located largely away from the dairey fdictpooryawdastmwsand are considered
to show background concentrationsn ddrecshe¢natiormsemay be related to
the steady increase in dairy farme |l modied eaneapass tthairy farms typically
result in relatively higher NitraredNtboatdhrg keoomimpses such as sheep
and beef, which has decreased atmhdaerpagse of dai

Figures 16a, 16b, 16c and 16d show NitoaseiN foamckorntehdles located
close to the southern end of MaralkaanmD afFry6 EOf3BeNE46/0246 and
F46/0344). All three boreholes showfsNmtilatepdttemcentrations, rising
from around 7 mg/L in 1997 to 11 mg3g/LSmEe0XBOO&RO02007 Nitrate N
concentrations in all three boreheletalidpeead 60 headuced to around 9
mg/L, perhaps indicating that conseuantcatiofngpigrabdeent Nitrate N have

also reduced or stabilised.

Figure 17 shows a plot of maximum mecesuradimntsrdbe 26009 for
boreholes across the Edendale aquifkee. highsshsdwcsohltentrations appear
to be around the Edendale townshipowrélssameovedatition in
concentrations towards the southdenmr,eald oift thicthagugher values around
the Inglemere dairy factory wastewaflehriglidipdsisblutaon of concentrations
seems to reflect conceptual expeatraeiromes off thteadecin the aquifer, with
higher values appearing around theaWwéatmwater dispo

Nitrate leaching rates and conceddcatmemsearéowelHe effluent disposal
farms (Mararua, Inglemere, LeondaleaahdiPedrkeOm)laand data has

been made available for average Niomstead cemcéntgarates (based on
concentration data) across each fand Bétweem 200dnahly basis. A
summary of leaching rates are presehiteld Fhigwseth8a,leaching rates are
seasonal, with higher leaching regkbyinhiglietelleadhong rates are observed
at Inglemere Farm compared to theedeheecrhfagmratesshappear to have
peaked at 123 kg N / ha / month. «~otmra¢atwathomsleodchate are shown in
Figure 18b, which indicate that Mitsawetlkbon ¢ceadthattie vary, although
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peaks in concentration do not apptwapeaksormetdpeo haading rate. In
general, concentrations of nitratariholsholwabaegapgeal decline from
2004 to 2010.

Nitrate loading rate for other areas ldsthe omotedidaise. Table 6
provides typical Nitrate N concendarbdiodi§ferdetacfppes of landuse across
the model area. Concentrations aresbdsleyl Rakka&lhuée¢s998), together

with more recent data in Monoghan (2010).

Table 6: Average Nitrate Concentration per landuse
Landuse Concentrations (m Source
Sheep and Beef 2.6 Rekker (1998)
Daity 13.7 Monaghan (2010,

(1998)
Dairy Factory? Eff 25.2 Rekker (1998)
Forestry Nursery 2.8 Rekker (1998)
Residential 16.3 Rekker (1998)
Industrial 0 Rekker (1998)

Notes:

1. 13.7 mg/L is an average to high dase.foMdréryeltailed information re

intensity is not available to distighgeri olr beweeecoméentrations.

2. Values used from 1995 to 2001 prada tovaiéalsierddod 2001

5.3.2 Modelling Approach

The conceptual understanding of dlnsraneicanes ntratiNitrate N does not
move into groundwater via discrae®egihgc aniscesd ofrigm diffuse areas,
albeit with some locations contribli¢irsg horexemaml® dairy factory
wastewater disposal farms. Diffuseisanrtsesamfbeondapresented in the

model as concentrations within theoablampaedalpplied

There is limited evidence to indicaote cthrmattr \tiitomsevary seasonally within
leachate and therefore concentrationsdalppliednbaleéhled as being

constant (apart from dairy factomyoerfhllyemteawheed concentrations are
available). However, the data imdjidanedubatishlakgly to have an impact
and this change is taken into accolandmstd edatadiesl.available in five year
blocks and the landuse distributiremias nmmog ecléo@dtast within the time

period of each block. Data for fidablietocks are ava
A1995 to 2000 (based on landuse dateefil®m)1992, Figu
A2000 to 2005 (based on landuse datmefdl®h)2000, Figu
A2005 to 2010 (based on landuse datmefi®m)2@0hdE, Figu

A2010 to 2011 (based on landuse dataeftioat 206a0MmodEb run ends in
2011.
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6.0 Contaminant Modelling Results

In general the results of the contaondedntigrimndsigpate mhat the model
represents processes within thewadl,ifeitirejabidelgreement between
modelled concentrations and observied bonhltehhratido@esand Nitrate.
Some discrepancies are notable, the exdatpVvelwidleimse network of
monitoring boreholes to the southioyf thetdgrwrasd edwater disposal farm,
suggesting that there may be locatiesalkilkcbtaregeiféiicult to represent

within the model.
6.1 Chloride
The results of Chloride modellingigueepréSanted dd.

Figures 19a, 19b and 19c shows Chlorifbe bonebaoteatiomsediately
downgradient of Mararua Farm. Theabibswesryed theseebbres are a good
match tothe observed concentratigahsougihctlreebasmalksubsequent tail
reasonably represented in bores F4640aKth caungh R&@&/®Beakthrough
curve in bore F46/0336 is less acedirafenlg defdresktiytin representing the
breakthrough curve in bore F46/033®f mgquiber eheesnodgeneities noted
above in Section 5.2.1; bore F46/®3a6@iemtwdakdé6/ 0344 (where the
breakthrough curve is well represéntedlerandhe4bvé628Kkthrough curve is
also closely modelled. Yet the powalglofculmeeba¢akdahe F46/0336 appears
to be later than the downgradient tharteselatig/ggdgtémygall scale changes
within the aquifer in this area maydbmaye spowsnmbdeement of

contaminants around this borehole.

Further downgradient of Mararua Fiadren comsemtedtComerin borehole
F46/0709 indicate the passage of sedepdtuimelywhieperconcentrations
appear to peak in 2001-2001 and subsé&heembobldeteducves relatively
good agreement with concentratiohslaitigutrteid Sdjrewith a peak in
concentrations around 2001 and a suakdhpugmt tthectiante of decline in

the model is faster compared to obsesved concentrat

Note that no background concentrathom gfoGhtovaderws represented in
the model. Concentrations in a bowepgoled (&6 bd38&)arua, where the
effects of the dairy factory wasteWwmti¢ed,ispdsadtara background
concentration of around 35 mg/L toa4% mgg/Mmi@hdothideeffect of
background levels of Chloride, 45 enigtt hhaes mhedrlbaddl concentrations.

Figure 20 shows a series of plots iadieattang dhehep&thloride plume in

the aquifer at different model stiieesrs wi¢hidkde,loec@eion of the modelled
Chloride source. The plot indicatesaftttte plymare xtiee. January 2000,
representing the final period of Cilollordadeacremstalminfadairy effluent at
Mararua Farm), 10 years (January 20R8Qussitd2030y)eansl shows that the
plume migrates relatively rapidlgrthwotlgtsdme ®&dtietts from the plume
reaching the springs discharging S hyeeamsuif@rftwertlih years concentrations
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of Chloride within the aquifer anecsdganfdcaftely ¥*® years the model
indicates that concentrations of €Chiforhéepasnmeeraselall but gone. The
model indicates that the majority eefe@huatideewioutlde aquifer via spring

discharge, which is in keeping wntb didle od otrhcee piowafer .

Modelled concentrations of Chloride hrmggorughndw ateer dpsiong flows for
Ives Creek and Clear Creek are presenhhedfigquFegiurei@dtes that the
model predicts that concentrations efhChHeridé WwoewsldCheek (12 mg/L)
compared to Clear Creek (8 mg/L) esplggeestohgCtharithe originating from
Mararua Farm would discharge princkpafMieria ilssdemCtreed observed data
tocompare against modelled predicancremtofatGbhericdtethe springs;
Rekker (1995) provides concentratigink af dodbnld/ @5 @reek and Clear
Creek, which is somewhat higher hream@deldicHeodwbyetr, the modelled
results do not account for backgreumfd Clolrog ederawibich would result in

lower modelled concentrations.
6.2 Nitrate Nitrogen

The results of Nitrate N modellinfFiguaesre2antedrigure 22h and Figure
23 shows the spatial distribution adroen ctretmbibenlsarea for 2009.

The timeseries plots in Figures 224éetothad foe bhocah®d some distance
from the dairy farms (F46/0185, F46d0d 9H46FAB0®35bnd are

considered to represent backgrounidhdnpnthentrqauibers, are a good fit to
the observed data, suggesting thatseatmtidellefdlaepduse changes, and
accompanying increases in NitratesNsteachintgp, dobseaved changes. Note
that the results for borehole F46&6f@88&daby hikmlgrizal dispersion issues;
in the model, it is possible for cperamimpgtadtienti as a result of the way

the transport equations are solvemdaasdbtadamaerstdZheng, 1999).

The timeseries plots for boreholesldbattaranidb datedgradient, of Mararua
Dairy Effluent Farm (F46/246, FA6/0FE46/3M446/83%uaes 22e to 22h)

show the effects of Nitrate N tisafrbilethpeobDginateffluent Farm, with
observed concentrations showing h99ttc achyiri2@0fdo® 01 before
appearing to subsequently reduciseslighdbyeldedstadritentrations also
show a steady rise until 2000, blu¢ mbsentedstotrocentrations,
subsequently show a gradual declinemod &El edde d\ri¢ aastee iIN concentration
is a reflection of steadily decrermasingenoimcéesmdchttioe from Mararua Farm,
which is likely to be the primaryssenrcr thfeNeétieoteeholes. That these
decreases are not seen in the obserthead datadsuigigpesatl source of Nitrate
may be present or enhanced recharg®sishecklarrangaakarm (which would
result in a higher Nitrate flux indb tbenotoded)esemted in the model.
Note that effluent disposal voluntderfow alseedvaitreyr fisposal farms have

not been provided and are currentlgneashsmreaetdomasetumes.

Figure 23 shows the spatial distribfioti o200 ®@9 .NTtrateldt indicates that

there are some inconsistencies betwednmthdebleslespatiial distribution.
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However, in general the pattern oN ncodeldetr aNibrrasemirrors landuse
distributions across the model amd ansactéfliegtastthd across the model
area. Areas of higher modelled NibmeseodNceompcedorrminantly under dairy
farms, for example north of the Caas Cutthekvasntkerin tbrner of the model.
Concentrations are particularly lisglerim cbensowtfhhtbe model, which in
part may be due to the long termsuaedafryhfararedua may also reflect
the passage of some contaminants fuider timgdettracrépagian aquifer,

which would in effect increase téree &g arciswgltiimghiim higher concentrations.

The model also indicates that theyhigphers ,cpadticuihdarly the
palaeochannel, exert relatively stergpmgteaomtodlsoorndamination within the
aquifer. Contamination that occies pidgeacitearinefl tends to be
focussed into the palaeochannel, whesrl®wloncrarteasio. Contamination is
then discharged into the springsntwwith tilsecomscetetual model of

processes within the aquifer.

Concentrations of Nitrate in Cleae&kae& pnaelstwneasedCin Figure 24,
together with calculated loading ratatsth@ssprong$élatvtheir downstream
confluences (with Oteramika Creek aadrels ebaitwalrya .RiConcentrations
of nitrate are broadly similar toecoimc dbotreshtod@s wethin the aquifer
measuring background concentratiodbowftNetragamamnmgd addually rising

pattern.

Whilst no long term data is avaollmddetfatiaontyainetbhe springs, spot
measurements made in 2006 are simeidavatoetdh.e MNioddate in Ives Creek at
the Island Edendale Road site was/miéem20r@e arnds 73bggChear

Creek, agreeing well with a modellenitcanedntgadiomdwhiter discharging

to the springs of approxim&@oehy Fogdiing rates are similar in both springs,
rising to around 200 kg N / day by ®leremdno2@hé& .mod

7.0 Conclusions and recommended scenario runs

Modelled groundwater levels are gtehetalbp segwed graundwater levels
throughout the model. In additibme thateesinantomodel show a
reasonably close agreement betweemmons lded odseceverd levels.

Taken together, these results inddtaegpndadnttsetmeodydrogeological
processes that occur in the aquiferinve hle mariticbti@mdale area.
Nonetheless, some areas of the mmodbaEk parthcofarhe imodel have limited
observed data with which the model acedh tihe campaaeid,n in these areas

is consequently less certain.

Given the confidence of the modelIntersgilisstoriealressbservations, the
model can therefore subsequently bewdsbd agwpifedimtal behave under
different stresses. Typically, stenaramagemdnt wssessments on

groundwater levels and spring flbowmsingclude the fol

AFully conseniea. all abstractions operatimgerttemeiatfa;lly co
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ANaturalisdde. abstraction rates set to zero;

ARecent Actwaddel run using historic recharweéthaabstriocgedher

rates based on the last few yearisnphdatabd,csioremat(or new)

abstractions can be evaluated agachmsatr@evieatesy and

Almpacts of climate change on rechahgegweslumesinfall patterns and
potential evaporation.

The model can also be used to assesgumipactwipbminvahe aquifer under a

variety of different scenarios for example;

AlLanduse changes- predicted impactstiasiead recnVeoficm of sheep
and beef landuse to dairy farming; and

Almpacts of different management prgdhiesesvemnarledarciaminant
loading to the aquifer,
loading.

particuladayrwitdrmeggrgdractises and nitrate
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Legend
Max 1996 Nitrate Concentrations
X— 0to 2.5 mg/L
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Figure 13a: 1992 Landuse and Maximum 1996 Nitrate Concentrations
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Legend
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Legend

Max 2005 Nitrate Concentrations
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C02535 500 Edendale Groundwater Model
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Figure 20: Chloride Plume Extents (note conc  entrations exclude background concentrations)
Modelled source cell locations shown as a black blocks
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C02535 500 Edendale Groundwater Model
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Sensitivity Analysis

Pattle Delamore Partners were engagSaublyl &Emd (o) mt@endevelop a

groundwater flow model, and associatespoontaodahntotr the Edendale
Aquifer. The model was developedOddtwednAQrcitobet 2 Subsequent
liaison with ES regarding the modrlasseicanedttdtuamcertainty in the
parameters used for contaminant tranfaipotrat wouded bwerthee development

and use of the model.

This addendum presents an assessnremgtaodingctdrad aiegylts of the
contaminant model. Full details oftuhbkismabibel, coooncsruction and
development are not provided in thivverckedenauthismdi,dendum should be
read in conjunction with the mainwithpomes npodeidetl02535500 R0OO01

and C02535500 R002).

Section 1.1 of this report discusstegstiibakeiywfdaeame the contaminant
model calibration and asseses whirdmanterthéehmiaimepd to be varied as
part of the uncertainty assessmeunsseSethtéome Qulitiscof the uncertainty

assessment and Section 3 presentsdaooothcd ueiswltisase the assessment.

The results of the contaminant mbtdetl lilmg mmadd e blteedd concentrations
showed good agreement with obserwadvaoimwuesh praitibpsnnsacross the model
area, both temporally and spatiatlyhesmpgledtprg vtildeed a reasonable
representation of processes takingqpl&ee. whthwrevbée, there are a number
of factors that govern the modelleanddamtimatitdaontiorfoughout the aquifer
and it is possible that a differemaraometbenratconulaf produce an equally
good fit to the observed data. ¢$nlagdiftitthre, mhoedeé may be more
sensitive to the changes in the valetes ofthsoometpara and therefore

some parameters could vary by more than others.
The parameters which control thetdiminidtibiowibthicothe modelled
aquifer include the following:

AModelled recharge to the model;

Alnitial contaminant concentrations;

AModelled hydraulic conductivity;

AModelled porosity; and

AModelled dispersivity values
Diffuse contamination is input to sheflmodevhashaisnaalculated on a cell
by cell basis depending on the rechairgre eamplieadntcenhat cell. Given
that the contaminant flow is basededh @aflidbaso@adbilyw model, recharge

is not considered to be a factor wikid hashpmuritdoiethvea uncertainty analysis

for contaminant transport as changewotbddthéspoechquipgree changes to the

C02535500_R002_Addendum to report C0@685 500 R002.d
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flow model. However, modelled nidoafte ttrmtaon s aarte based on an

average values. They are therefotairstybpanat wollubeevaried as part of the
sensitivity analysis. Initial comcehdraeimens mkinGtvn at the start of the
project and were derived as partrotéebs. mWdelbitnghpre is therefore some
uncertainty with regards to thenoémnarlaCiblhosridéec@extent of possible
variations are unknown and theina valying theenefcbncentrations as part of

the uncertainty assessment.

The modelled hydraulic conductivatte waitl lwafifelc tc blmeaminants travel
through the aquifer, however, in keepiohg wsigtl fbereeccharge, hydraulic
conductivity is based on calibradieh anfdtite plomembal variation has
already been assessed as part of ghtéevitgwameodgslssermhat sensitivity
analysis indicated that the modbek isateamsitikhgdiramulic conductivity within
the palaeochannel and around the scaghidenr,enld o tdh where the

springs emerge from the aquifer.luGivércdhdudhieivm within these two

key areas is reasonably constraimdde < hdnthiemgetharameters may not be
helpful in assessing the sensitividistoibaandam imarcthanges would result in

changes to the calibration of thecfiotwemodrtiaon namit model depends.

The modelled value of porosity wikchaowe thestry®llogiey at which
contaminants move through the aquwiiflérafdedt abesuahe at which
concentrations within the aquifelryvang bemipemedtyal Porosity is often
poorly constrained and in generalisimvizidatibddtad altetermine the most
likely value, or its spatial disdteilbbfitpomositgewvdb|ltherefore be varied as
part of the sensitivity analysisntfbueetermnnthétpdssible results. However
note that porosity is the same ak whtdhisp eleeficquiéér which was varied as
part of the flow model uncertainltoywamaldesliuncelheainty analysis indicated

that the model is relatively insceyseiidve to specifi

Modelled dispersivity within the mepehdsnitotirsdhlet the value of
dispersivity does not change withrdtismanaeetfs@mmraecand dispersivity is
set to a defined value (in metraskiatutlacichartWoithin the model, Nitrates
are modelled as a dispersed sourcedasnpe coimnseguanmych less
significant factor controlling thuetioes oftinon damtimation. In contrast,
Chloride is modelled as a point souheevahdetioéreifopersion used will

impact on the subsequent results.
In summary, the following parametesrpavitllobdheauirdertainty
assessment, based on the informatéon described abov
Alnitial contaminant concentrations:
AModelled porosity; and
AModelled dispersivity values.
The other parameters, recharge randaatdviitydrhablie already been

subject to a sensitivity analysiigiaalpgrowfdiwater flow model calibration
described in report C02514500R002i2.

C02535500_R002_Addendum to report C0@685 500 R002.d
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1.2.1 Initial Contaminant Concentrations:

The initial nitrate contaminant coimcéheératoadres wesea derived from two
sources, the first from known daitregrr facnoeytwasitennsawhich were applied
to cells where the dairy factor wdarewatweerre igposardt and the second
from literature values of nitrateheoecsimtilatiomededling was conducted by
Rekker and Thorrold. The values wertheappbed basddse information at

different points in time.

below provides a range of differdaot thhe okiffte a¢inanisanduses

present in the model area, basedesn literature valu

C02535500_R002_Addendum to report C0@685 500 R002.d
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C7) C 1)

Dairy 13.7 9.4 to 16.3| Range of concentrations takg
lookup tables. Concentratio
irrigation practices and stoc

Sheep an( 2.6 Up to arounqHigher concentrations have K
Beef in Canterbury, but range dep
irrigation and ratio of sheep
farm. Low concentrations us
are based on values from prg
across the area.

Forestry 2.8 Up to 3.9 |[Low leaching values are typi
and nursery and the potentia
limited. Thorrold indicates h
concentrations than Rekker (
2.8 mg/L)

Residenti 16.3 - Residential landuse makes u
part of the total landuse in t
and its potential variation wi
effect.

Industry 0 The dairy factory in the area
key industrial activity in the
wastewater from the factory
separately.

Dairy Fac - Observed data is available f
Wastewat| wastewater concentrations w
the model.

1.2.2 Modelled Dispersivity

As noted above, dispersivity in the cepehdsninodngdcvalues are set
constant throughout the modelled rsimiuthadalu.esDwsgre altered as part of
the Chloride modelling, to help matrthhadbsrs vaetd welhs distant from the
Chloride source and were eventuelkieset 150velaensd H0O00 m

depending on proximity to the sodesé¢,vaitleshsetsmlaolsest to the source.
However there is some variation essssiidd amdaheitthakegard to the nitrate
modelling a single global value (1980d at) dsss tihheewhwle model, as the
contamination does not originate dromhdaspoantiesowitc be altered as part

of the uncertainty analysis

Typically, dispersivity is in thehertrervef dilsttanacfe for a contaminant
downgradient of the source, deperdaggiber tbecowmeaexred and the
sinuosity of the travel path. Thpoornegdldrdtrfraenedendale aquifer are the
springs (lves Creek and Clear Crese&9 utttheetr mcecdugeat iiravel distances to

C02535500_R002_Addendum to report C0@685 500 R002.d



PATTLE DELAMORE PARTNERS LTD

Addendum to report C02535500 ROO02: Edenndaanlte MCoodel mi

Sensitivity Analysis

these springs vary up to a maximumso§gpastind LiDakm, dispersivity of
around 1500 (15 %) m may represent tdespep=ivbtguwnalwds. The lower
bound has been assessed to be arounde560timg 5 %i)mitepd degree of

dispersion occurring within the aquifer.

1.2.3 Modelled Porosity

Groundwater velocity (and therefoneelsoodittye isacapcarlated as a function
of the groundwater gradient, hydraauditheopadmuacsityityand lower values of
porosity will increase the velocftgw.f @rororsdtyaterthe calculation is
represented by effective porositys ame ispefltéficamiela within the aquifer.
During the sensitivity analysis fbhe theecibdie mieddlwas varied in the range
0.05 to 0.2, which are typical va¢ueéswotthsmpecifiavel aquifer and a similar

range will be used as part of theignfoerthientocyomanaahynant model.

Results from the uncertainty anadysontfomitheetioinirmodel are presented
in Table 2 and in Figures 1 to 6.ecdNodt vhntinlgetwbf parameters
simultaneously has not been assegssewlereAVlapicerhirbeteween their

maximum and minimum values, as didc@ssed in Section

Note that a similar uncertainty asmlysderiakemoforethe Chloride
contamination model. The Chloride edowaasmiaatibmmadd point source
contamination and, given that theianstiiimudatedhtusaing the model were
altered to match the observed gresudinsagtehaguge styor the initial

concentrations are considered unnecessary.

(
) N
) ( )
Initial High (distributi See Table 1 0.06
Concentralicontamination) (0.5 to 0.56)
(0.51)
Dispersivii{Medium (distrib 500 to 1500 ) 0.015
contaminant (0.50 to 0.515)
(0.51)
Effective Very low (dist 0.05 to Q..25) 0.002
Porosity of contamina (0.509 to 0.0511)
(0.51)
1. Bore concentrations taken from 3009 Nitrate Surve

C02535500_R002_Addendum to report C0@685 500 R002.d



PATTLE DELAMORE PARTNERS LTD

Addendum to report C02535500 ROO02: Edenndaanlte MCoodel mi

Sensitivity Analysis

The results presented in Table 2 ipdiaaaen¢hatstigevicening the modelled
distribution of contaminants are theidnstiamddcomeethispersivity value used
in the model. Neither of these paramsdtaineareamde Hoch have been
adjusted to achieve a best fitdwdth.the observed

Figures 1 and 2 present the resulitsl conc¢fEfetrrattioimstin two
representative boreholes within thiegured® |shmoenasanhde Fesulting

difference in the spatial patternfof Sempdcemtbati@089 (the same year for
which a survey of nitrate concenj)ratWomi$stotdke ppdaeeall effect is
unsurprising, in that higher inpetsebtnicre mtigshtéonmsordelled concentrations,
the relative difference between Emeathiogheonppuédsd¢o the baseline
scenario and the lower input scenlgibacsehim@aredetroatio is notable.
However, based on a comparison wielHsthehebservedttations within the
baseline simulation appear to be mradksdohabdkosnidndveate that it is

unlikely that the initial concenttrabicengnafie asntb veaaciation.

Similarly, Figures 3 and 4 presecifiterleatressiptesr vifvidy values on the model
results in two boreholes and Figutieal6 psatbewrs thfecomaentrations for
September 2009. The results indixcatiedde¢hyatvaeyanigvelalues of dispersion
could be used to fit the modellederreveud td att@a elau @by well, suggesting

that the model is insensitive to the value used.

The results of the sensitivity apappsossiftoyr perfdsenited in Table 2 indicate
that the model is very insensitiperbsitlyeusaldiand that relatively large

changes in its value have little klffécdistrithuetimm def contamination. This
result is largely in keeping withsthresreivutysamfatheis for the flow model,
which indicated that the modelle@Iyeimdbserasetivelabivhe value of specific

yield.

The results of the analysis abovaenomddkilc as emthstt sdesitive to the values
of the initial concentrations inpad iethahgembladedéver, given that the
model is relatively insensitive hertheyvpluasnefeos that affect
contaminant transport, for examplefflkicpeespwtgpsanyd the value of the
initial concentrations can be rearsdnaldlpywedblmpansson with the
observed data. This result is to beiteape aiededssimelates a continuous
and dispersed source of contaminatioomd asfdeditsperpoososity often have
more influence on the pattern of mostaglie gtliomeooifginating from a point
source. Such a plume of contaminaitoos|has eretéfiepdrawithin the
Edendale Aquifer, resulting from Obhooidgioabitagninam the Mararua
wastewater disposal farm. Modellirg dfaskilsnelvmleues of effective
porosity and dispersivity and indicrattedthoohlsagrednalues, providing

confidence in the baseline values used.
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ﬁ Edendale Groundwater Model

.

Figure 1: Observed and Modelled Nitrate Concentrations at F46/0 336
under high, baseline and low concentrations
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ﬁ Edendale Groundwater Model

.

Figure 2: Observed and Modelled Nitrate Concentrations at F46/0 709
under high, baseline (average) and low concentration s
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ﬁ Edendale Groundwater Model

.

Figure 3: Observed and Modelled Nitrate Concentrations at F46/0336
under high, baseline (average) and low dispersivities
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ﬁ Edendale Groundwater Model

.

Figure 4: Observed and Modelled Nitrate Concentrations at F46/0 709
under high, baseline (average) and low dispersivities
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