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Executive summary

Water tables and inundatiowithin parts of the Waituna Lagoon catchment are influenced by water
levels within the lagoon, but the extent of this effect is fulty understood Better understandingf

the area of land impacted by differentgaonlevels will enable more robust decision making
regarding lgoonlevel regimes. Mapping the area of land impacted lgptmlevelswill alsoidentify
thoseareas most vulnerable to inuntdan or compromised drainage.

To inform decision @king in regard téagoonopeningsthe Department of Conservation

commissioned NIWAunderthe Arawai IRknriki wetlandrestoration programmeto undertake a

two-stagestudyto mapthe spatialextent of inundated land for a range d&goonlevels and to

predict areas ofirainage affected landlhis work has been funded from Living Water ep@tment

of Conservation C2 Y 1 SNNJ LI NIYSNARKALI O2YYAGGSR G2 o6Sad LI
waterways.

Stagel of the study wasommissioned in September 201&ndy @2t SR aAYLX S Wol G KG
2F GKS 2 Alddzyl [ 32 20dzii@ YoINBIOeRBS faimladd indhddite8 WT A N&
under different lagoon levels, assuming static horizontal wateglgevi his work was completed in

September 2015.

Stage 2 was commissioned in November 20tisinvolved a hydraulic model study of the creeks
feeding into the Waituna Lagoamith the aim of providinga more accurate mapping of inundated or
drainage affeatd farmland, by includingmeiulated backwater effectsStage 2vas completedor
Waituna and Carran Creekskebruary 2016and for Moffat Creek in May 2017

This report docurants work doneand provides resultfor both stages.

TK S YdGndls of inndation extent that have been derived from the simple bathtub modelling
have been includedlhese mapswhichshow inundation extent mder static lagoon water levels, are
useful in that they provide inundation extents around the shoreline of the lagdowever, since

they do not allow for hydraulic effects (i.e., stedlttyw water level and backwater effects) they

cannot be usd to assess inundation extents along the main tributary channels resulting from stream
flow.

In Stage 2, ondimensional hydrait modek of Waituna CreekCarran Creeland Moffat Creekwere
constructed and calibrated-he models were used to assess water levels in each creek for two flow
and twoplant abundancecenariosThis modelling has allowed maps of inundation extent and
drainage affected farmland to be producd#tht incorporate steadistate hydraulic effects.

Key results for Waituna Creek:

A For the range of Waituna Lagoon water levels considered (i.e., up to 2.5 m), the
furthest backwater extent up Waituna Creefas to aroun 400 m upstream of White
Pine Road.

A Farmland inundated by high lagoon water levels or backwater effects from Waituna
Lagoon is mainly within an area on the true left of the channel south of a farm access
road off Marshall Road, about 1 km south of ¥éhitne Road. Significant inundation of
this areaoccurs even at low lagoon levels when the Waituna Creek chaasgiigh
plant abundanceindicating that the inundation i®lated to restriction of the channel
rather thanthe lagoonlevel
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A At the 90 percente highflow, the area of land where drainage is potentially affected
is much more influenced hylant growth than by lagoon water level (including
backwater effects)At mean flow, the lagoon water level has a more significant effect,
but with more limited up-channel extent.

Key results for Carra@reek:

A For the range of Waituna Lagoon water levels considered (i.e., up to 2tbam),
furthest backwater extent was to 1.1 km upstream of Waituna Lagoon Road Bridge.

A The main area of land inundated by high \Waia lagoon levels is west to nortivest
of Little Lake Waitundor the scenarios considered, no significant inundation occurred
east of Waituna Lagoon Road or north of Hanson Road.

A A500 m wide swath of land downstream of Waituna Lagoon Road Bridgeestdf
WaitunaLagoon Road is potentially drainage affected even at low lagoon level (taken
as 0.5 m)although much of this land is wetland habitat, not farmland

A At mean flow, except at high lagoon levels (WL > 2.0 m), very little farmland upstream
of Waituna Road Bridge is potentially drainage affected, when the river channel is clear
of plant growth If the channehas instead high plant abundantteen, more farmland
is potentially drainage affected.

A Atthe 90 percentilédnighflow, a fairly large areaf farmland(~44 ha) upstream of
Waituna Lagoon Road Bridge, is potentially drainage affected when the channel
vegetated(under all lagoon levelsThis area reduces in size by abdQfsif the
channel is cleared.

Key results for Moffat Creek:

A For the range of Waituna Lagoon water levels considered (i.e., up to 2.5 m), the
furthest backwater extent waabout 940 m downstream of Moffat Road Bridge.

A The main area of land inundated by high Waituna lagoon leselgiland habitat, not
farmland No sigrficant inundationof farmlandis predicted

Overall the area of land inundated by static lagoon water levels up tm2ssrelatively minor and
generally around the mouths of the e main tributary creekdzor Waituna, Moffat and Carran
Creekghe areaof land affected by direct inundation and impeded drainage is a function of lagoon
level, flow rate and plant growth in the creeks. The relative importance of these three factors varies
spatially. The most downstream parts of the Creeks strongly affegtéagmon level but further
upstream this has little or no effect and channel vegetation and flow dominate. For high flow,
densely vegetated conditions, the lagoon level has less impact as Creek levels are alreddiydggh.
high flow conditions the areafdarmland with potentially affected drainage is much higher as a

result of a vegetated channel than as a result of a high lagoon fevell(three creeks

While this study provides a good basis for understanding how lagoon levels impact farmland aroun
Waituna Lagoomincertainty could be reduced by investigating the typical depth of field drains, and
conducting further water level and flow surveys in the backwater reaches under different flow and
vegetation conditions.

Waituna Lagoon level impacts on land drainage and inundation 7
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Water levels withinNaituna Lagoon are influenced by lagoon inflows, losses (seepage and
evaporation), openings to the ocean, and (when open) tides. The current opening regime involves
opening the lagoon once the level exceedn above neansealevel The consentwhich pernits this
opening regime to occus up for renewal, and the potential for more flexibility with regard to
openings to promote environmental benefits is being considered (for example openings at lower
levels to relieve periods girolonged algal bloomear reducing the frequency of spring/summer
openingswhen this could be beneficial to macrophytes).

Water tables and inundatiowithin parts of the Waituna Lagoon catchment are influenced by water
levels within the lagoon, but the extent of this effect is fhaty understood. Better understanding

the area of land impacted by differentgaonlevels will enable more robust decision making
regarding lgoonlevel regimesldentifyingthe areas most vulnerable to inundation or compromised
drainagewill alsobe usdul for management

To inform decision making in regard to lagoon openings, the Department of Conservation
O2YYAaaAz2ySR bL2!'Y dzyRSNJ GKS I N} gFA YninNAR1A 6Si
stage study to map the spatial extent of inundatedddar a range of lagoon levels and to map

drainage affected land. This work has been funded from Living Wabepartment of

Conservatior C2 Y i SNNJ LI NIYSNBRKALI O2YYAGGSR G2 o6Sad LINJ
waterways.

Stage 1 ofthisstugyoundS NI F { S &aAYLX S Wol GKGdzoQ Y2RSftfAy3a 27F
commissioned in September 2019 his was a preliminary study, the aim of which was to prawide

AAYLE ©dZP DA MR GILIA YT 2F GKS dubdérSliffaient2agoorfldvelsly f | Yy R Ay dzy
assuming static horizontal water level$his workwas completed in September 2015.

In December 2015 second stagef work was commissiong@tage 2)nvolvinga hydraulic model
study of the creeks feeding into th&aituna LagoonThe Stage 2 studgimed toprovideaccuracy

by including simulated backwater effeain the creeks and mapping land which was inundated as
well as land which was withinrh of the creek water elevation and hence likely to have its drainage
affected This work was completeidr Waituna and Carran Creekskebruary 2016.

In October 2016 the study was extended to consider a deeper) @ainage depth as it was felt that
many field drains were deeper thami

In May 2017 the study was extended to include Moffat Creek, which hadewot included originally
due to difficulties accessing the Creek for crssstion survey.

This reporthas been updated to include all theork done and provides results for both Stage 1 and
Stage 2 of the study.

8 Waituna Lagoon level impacts on land drainage and inundation
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2.1 StagelY { A YiLK BdzordngY 2 RS f

The scpe of work for Stagé consistedof building a digital elevation model of tWaituna Lagoon
andits surrounding area by combining data from aerial LiDARagvathymetry survey of the lagoon,
then mapping the extent of farmland indated under different lagoon levelStatic horizontal water
levels are assumed.

The following atputswere required
A adigital elevation modgDEM)of the lagoon andts catchment
A maps of inundatiorextentfor a range of static lagoon level scenarios.

2.2 Stage 2: Hydraulic Modelling

The aim ofStage2 was to refine the analysis of inundation extents to inclhdekwater effects along
the main creeks draining int@/aituna Lagoofi.e., Waituna Creek, Moffat€Creek ad Carran Creek),
through steadystate hydaulic modelling of these creeks.

Tasks required to be carried out by NIWA under Stage 2 were as follows:

1. build a onedimensional hydraulic model of each of the 3 main creeks using-cross
sectionsurvey datafrom a survexommissionedn December 2015;

2. calibrate the models hydraulicallyp match surveyed water levels;

3. perform model runs in each creek for two flows (mean flow and a higher flowjand
a range of lagoon levels.

Outputs required included:
A 1D hydrodynamic models of the main creeks;

A areportproviding a technical description of the models, their calibratang
providing information on backwater extents including maps of ground freeboard
relative to lagoon water/creek water level for a range of scenarios taking into account
backwater effectsn the creeks.

TrueSouth Survey Services tglre commissioned bthe Department of Conservatian undertake
the crosssection survey of Waituna Creek, a@drran Creek in Decembdd15,and Moffat Creek in
March 2017 TrueSouth surveyed 7 cresectionsin Carran Creel8 crosssections in Waituna Creek,
and9 crosssections in Moffat Creek

Waituna Lagoon level impacts on land drainage and inundation 9
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3.1 Methodology

The simple bathtub modelling required a digital elevation model oMiatuna Lagooand the
surrounding aredo be constructed.Once constructed this model was used to obtain maps of
inundated areas for static lagoon levels.

The following data sources were used to creiite DEM
A aLiDAR point cloud collectegtween20-22 March 201y NZ Aerial Mapping for
Environmet Southland;

A bathymetric soundings collectéd December 2011 by TrueSouSlurvey Services Ltd

A bathymetric sounding®harlie_Bay_Transect.shpQprovided by Environment
Southland

The LIDAR pointsere interpolatedinto raster grids at various resolatis (2m, 5m, 10m, 20m, and

30m).¢ KS FTAYlFf WRNE fFYyRQ 59a FNRBY [nferpdlatedDEMsa (G KSyY
with priority given to higher resolutions. Using this method, data gaps in higher resolution DEMs

(mainly in the wetlands surtmding the lagoonjvere filled with real data interpolated at lower

resolutions.

The lagoon bathymetry was interpolated by using the two sets of sounding points as well as LIiDAR
NBGdzNya 6AGKAY + pY RA&GF YOS 7T NEPohbéviedn lagdoni SNDa SKR
and land elevations.

The final DEM was generated by overlaying the bathymetric raster ovelryiand DEMTechnical
details of the final version supplied are as follows:

Filename:Waituna_2m_Combined_DEM _filtered.tif
CoordinatesNZTM

Vertical Datum:Bluff 1955

Resolution:2 m

10 Waituna Lagoon level impacts on land drainage and inundation



Figure3-1 provides an overview of the data sources udddte, the displayedtrosssections were
not usedin the DEMandare shown for reference only.

DEM Data Sources

CharlieBay Bathymetry
@ Cross-Section Locations

4 5 3 10 - Lagoon Bathymetry
Kilometres [l LiDAR

Sourced from the LINZ Data Service and licensed for re-use under the Creative Commons AtAERHEHEDGEY]

Figure3-1: Data sources used to generate the final DEM for the similathtubQmodelling.

3.2 Results

Figure3-2 maps inundation extentderived from the simple bathtub mod&r Waituna Lagoon
water levelsfrom 0.5m to 2.5 mat 0.5 m intervalsFigure3-3 maps inundation extents for three
additional lagoorwater levelsof specific relevance to the current or possible future management
regime(1.5, 1.8 and 2.&).

The maps show that tharea of land inundated by lagoon levels up tor.&generally confined to
wetlands around the lagoon margins. The areas where the stgiiotdevel inundates farmland are
relatively minor andyenerally around the maths of the three main tributaryreeks: Waituna,
Moffatt and Carran. The impact ofgaonlevels on land aroun@aituna and Carran Creeiss
explored further in Stage 2.

Waituna Lagoon level impacts on land drainage and inundation 11
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Figure3-2: Inundation extent forWaituna Lagoorevels at0.5 m, 1.0m, 1.5 m, 2.0 m and 2.5.
Inundation extetti & | NB RSNAGSR FTNaodel. 6 KS aAYLE S Wol G§K(Gdz Q

s
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Sourced from the LINZ Data Service and licensed for re-use under the Creative Commons Attribution 3.0 New Zealand

Figure3-3: Inundation extent forWaituna Lagoorevels atl.5 m, 1.8 mand 2.3 mInundation extents are
derived from the simple 'bathtub’ model.
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4.1 Building the moded

Modelling was arriedoutusy 3 51 L Qa a L Y(Relehse 80da@nodellibgiplckage which is
a successor of the MIKE modelling toolthat is widely used both in NeZealand and
internationally.

Three onedimensional hydraulic models were constructed, one representing a 6.52 km reach of
Waituna Creek from the Marshall Road hydrology recorder down to the Waituna Lagwther a
5.02 km reach of Carran Creek frorb km upstream of Waituna Lagoon Road down to Waituna
Lagoon, and #hird representing 8.95 km reach of Moffat Creek from upstream of Moffat Road
down to Waituna Lagoorkigure4-1 shows the modelledWaituna Creekeach (bottom leftplot) and
modelledCarran Creekeiach (bottomright plot). Locationsof surveyedcrosssectionsused in the
modelsand downstream chainage are also shown.

Crosssections were derived from theflowing sources:

A The December 2015 survey camded by TrueSouth Survey ServicesfatdVaituna
and Carran Creek$hesurveyed crossections were extended where necessary using
the LiDAR based DEM derived in Sthge give a wider topographic representatiof
the stream channel and surrounds

A The March 2017 survey conducted by TrueSouth Survey Services Ltd for Moffat Creek.

A Directly from the LIDAR DEM derived in Stage 1 (within Waituna Lagoon and Little Lake
Waituna).

In Waituna Creek, TrueSouth were unable to survey closer to the lagoon thegsection W1 as

the combination of densplant growth and wide channel made surveying by boat or on foot very
challengingTo provide definition of the channel close to its exit into the lagoon, an artificial-cross
section (W1A) was addeat chainage A 76km. This crossection replicates crossection W1 but
with an adjustment to level ofL.5 m, to match the local thalweg slope between crssstions W1
and its nearest crossection upstream (i.e., V). The model could be improved layr additional
bathymetric survey between crosection W1 and the lagoon.

Talle 4-1, Table4-2 and Table4-3 document thelocationof key modelled crossections for the
Waituna @eek Carran Creeland Moffat Creeknodels, respectivelyChainage refers to the distance
along the river channel from the start of the modelled reach to any given location.

Waituna Lagoon level impacts on land drainage and inundation 13
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Figure4-1: Maps of Waituna Lagon andthe modelled creeks Blue line shows the modelled reactellow
crosses show the location of cressctions surveyed by TrueSouth in December 281&ck dots showlistance
from the start of the modelled reach (chainag@grial imagery sourceddm the LINZ Data
Servicehttps://data.linz.govt.nz/layer/1934southland075mrural-aeriakphotos20052011/and licensed by
The Southland Consortium (Sdatid District Council, Gore District Council, Environf@enthland and
Department of Conservatiofr re-use under the&Creative Commons Attribution 3.0 New Zealand licence
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Tale 4-1:

Waituna Ceek - location ofkey modelled crossections

Crosssection Chainaggkm) Location description
W-8 0.000 Marshall Road Hydrology Recorder Site
W-7 0.862 0.86 km downstream of recordertsi
W-6 1.594 Marshall Road Farm Trustees Ltd
W-5 1.992 Marshall Road Farm Trustees Ltd Bridge
W-4 2.608 0.5 km upstream of White Pine Road
W-3 3.116 At White Pine Road
W-2 3.640 0.5 km downstream of WhetPine Road
W-1 4.303 1 km downstream of Whit€ine Road
W-1A 6.176 Outlet to Waituna Lagoon
W-LG 6.520 Lagoon
Table4-2:  Carran Creeklocation ofkey modelled crossections.
Crosssection Chainaggkm) Location description
G7 0.000 1.5 km upstram of Waituna LagooiRoadBridge
G6 0.549 1 km upstream o¥Vaituna LagooiRoadBridge
G5 1.111 0.4 km upstream ofVaituna LagooiRoadBridge
G4 1.527 At Waituna LagoofiRoad Bridge
G3 2.238 0.65 km downstream diVaituna LagooiRoadBridge
G2 2.377 0.8 km downstream d¥Vaituna LagoofRoadBridge
Gl 2.617 Near outflow at Little Lak&/aituna
E12 2.822 Little LakéWaituna
E2 4.710 Little LakéWaituna
E1B 4.856 Channel immediatelypstream ofoutlet to Waituna lagoon
E1 5.020 Lagoon
Table4-3:  Moffat Creek- location of key modelled crossections.
Crosssection Chainage (km)  Location description
M-8 0.000 130 m upstream of Hanson Road
M-Tributary 0 Upper tributary
M-7 0.557 0.5 km m upstram of Moffat Road
M-6 1.110 At Moffat Road Bridge
M-5 1.420 0.3 km Downstream of Moffat Road
M-4 1.914 0.8 km Downstream of Moffat Road
M-3 2.487 1.15 km downstream of Moffat Road
M-2 2.973 2 km downstream of Moffat Road
M-la 3.343 2.4 km downstreanof Moffat Road
M-1 3.437 Near outflow at Waituna Lagoon
M-OT 3.524 Channel immediately upstream of outlet to Waituna Lago
M-LG 3.949 Lagoon

Waituna Lagoon level impacts on land drainage and inundation
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4.2 Calibrating the models

In hydraulic modellingoughnessepresents a channels frictional resistance to floor. the Waituna

Carranand MoffatCreek models roughness was specified at each @S G A 2y dzaAy 3 al yy A
coefficient where lower values of the coefficient indicate less flow resistance (i.e. shallower faster

flow will occur) and higher values of teefficient indicate greater flow resistance (i.e. deeper

slower flow).Roughness is influenced by many factors including bed material and vegefdeiatn/

growth. Typical values & | Yy Y A \arg &vailabjé from the literature but calibration is necegsar

order to adjust roughness values so thia¢ model correctly predicts observed water level for a

knownflow.¢ KS NI y3IS 2F alyyAy3aQa y L)EarSmnd Moffatt & | LILIE A (
Creek models is given Trable4-4 (Chow, 1959).

Table4-4:  Range of Manning's n values potentially applicable to Waituna and Carran Creek models.
Based on Chow 1959 Tabl&5

al yyAy3Qa vy

Minimum Normal Maximum

Channel description

Earth straight and uniform: Clean recently dredged/excavated 0.016 0.018 0.020
Earth, straight and uniform: With short grass, few wéeds 0.022 0.027 0.033
Earth, winding and sluggish: Stony bottom and wédshnks 0.025 0.035 0.040
Channels not maintainedveeds and brush uncut: Clean bottom, brush on side  0.040 0.050 0.080
Channels not maintained, weeldsnd brush uncut: Dense weeds high as flow 0.050 0.080 0.120
depth

Channels not maintained, weeldsnd brush uncut: Dense brush, high flow dep  0.080 0.100 0.140
Very weedy reaches, deep pools, or floodways with heavy stands of timbera  0.075 0.100 0.150
underbrush

MO ¢KS &SNIYa YaSSR Ay Ke RNI df AsBéreasing flod NbistadzblBnd deBs T IMBly invasivelaied LIt F y G
species.

TheWaituna and Carran Creekodels were calibratd against water level profiles derived from

water levels recorded at each cresgction by TrueSoutturing thesurveys. Duringthe surveysa

flow gaugingvas undertakerat eachof the surveyedtross-sectiors. The flow gauging was done

using an ADCP StreamPexcept at the Marshall Road Flow Recorder site (sectiéd) Where a
Pygmycurrent meterwas usedAt each crossectionplant growthwas cleared 3 m upstream and
downstream of the gauging site enableareliable measurement of/ater depth andiow

throughout the gauged crossection

Thesegaugings were used to assefsw inputs to theupstream boundary of thenodelled reach and
lateral inflows to the channelownstream throughout the reachrisingfrom groundwater, field
drains and sall tributaries.Forthe Waituna and Carran Creelodels, therecorded water level at
the Waituna LagoomMonitoring Platformhydrometric sitewas used as the downstream boundary
condition.The monitoring platfam had ceased operation when the Moffat Creek survey was
completed and the Waghorns Road lagoon water level recorder was used for the Moffat Creek
downstream boundaryNo allowance was made for windtap in the lagoonGaugingnotes

recarded during the suvey (key metadata parameters of which asammarised in Appendix A)
indicated that the wind was ight to moderate at the time thagjaugings were takeat sections likely
to be affected by lagoon levekiven thiswind setupwould not have been significan
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We note, he purpose of the modelling was to assess backwater effectswatd moderate flows,

not under flood conditionsTherefore calibration at the relatively low flow conditions during the
December 2015 survey is acceptafle Waituna and Carra@reek modelsThe calibration, however,
would need to be revisited if the models were to be applied to simulate flood flows.

4.2.1 Calibrating the Waituna Creek model

Table4-5 summaises the main channel inflow and downstreavater level boundary conditions
assumed for the Wauna Creek model calibratiofror Waituna Creek, flow gaugings at cross
sections showed little variain through the modelled reaclon this basisno lateral inflows are
included in the modeBased on recorded ater levelsn the lagoonwe specifieda linearly varying
lagoon level water level that ramped down from 1.26 m to 1.14 er ¢te 7 hourgaugingperiodon
10 December 2015

Table4-5:  Waituna Creek model boundary conditionsfor the calibration trials

Boundary conditions/Flow inputs River distancekm) Flow (m?/s) Water Levelm)
Upstream flowboundary condition 0.00 0.477
Downstream water levdboundary condition 6.52 1.26¢1.14 m

Figure4-2 compareghe surveyedwater level profilefrom the 10 December 2015 survedata, with
that derived from the calibrated moddh order to give a fair comparison, given tllag¢
downstream water level is variable, both measured amdulated profiles compare water levels at
the recorded start timeof the gauging at each gauging site practice, thedifferences in water
levels over time resulting from thehangingagoon ével areveryslight andonly affect crossections
downstream of section W3.

Agood match islsown between the modelled anobserved water levelat all crosssections exept
at crosssection W5 where the model undepredicts the water level by 0.17 nGiven that this
effect is local, the calibratiois consideed acceptable.

Figure4-2 f a2 aK2ga (GKS OFfAONIGSR alyyAy3aQa y NBdAzAK)
adzZNSe SR aSOitA2yad alyyAyaQa y NP dz3 Kydstors ardl f dzS &
then determined by iBF NJ AYGSNLRf F A2y d® ¢KS alyyAyaQa y NERddz
lagoon (i.e. at crossection W1A), and in the lagoon itself, have been taken as 0.05. This means that
roughness ramps up from 0.05 to 0.12 between crasstions WLA and WL1.
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Figure4-2:  Comparison of surveyed and calibrated water surface profiles for Waituna Creeddibrated
Manning? n roughness valuese also shown.

Gauging notes (summarised in Appendix A) describe thie aannelksaffected by plant growttat
crosssections W6 through to W3. Plantsin the channetause a significant increase in roughness
(e.g. seeTable4-4) and are the likely cause thfe very high roughnessoefficient(h=012) required

to calibrate the model in the middle reacBther factors which could affect the water level include
local constrictions within the channel not captured by the survey (for example a partially blocked
culvert or section of elevated bed actiag a weir). Unlike plant growth, which can be widespread,
constrictions would only cause a relatively local effect. It is likely that the difference in water level at
crosssection W5 could be caused by a local constriction between this cross sectiocrassl

section W4.

In fact dense plant growtlproved to be a significant problem during the surv&y.echesounder
survey of longiudinal bed profiles had beemplanned as part of the surveyrueSouth attempted this,
but had to abandon iascthe infestdion of thick[plants]encountered during the survey prevented
the capture of reliable bed soundings ¢ ¢ K 2 Y LJaRe\Cover aplaptsranged from minimal
(at site W1) to prolific 6eeAppendix A

4.2.2 Calibating the Carran @ek model
An initial calibration was performed using the gauging data and water level measurements collected

on 9 December 2015.

Table4-6 lists the boundary conditions and lateral flow inputs appliethe calibrationto match
gauged flows during the 9 December 2015 surdbg lagoon level on the day, which was constant
at around 1.285 mis also listed
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Table4-6:  Carran Creek modelboundary conditions and lateral inflows fortte initial calibrationevent

Boundary conditions/Flow inputs Chainage, km Flow, n¥/s Water Level, m
Upstream flowboundary condition 0.00 0.09

Downstream water levdboundary condition 5.02 1.285
Lateral inflow(G6 ¢ G7) 0.00¢ 0.55 0.026

Laterd inflow-(G5 ¢ G6) 0.551.11 0.022

Lateral inflow(G4 ¢ G5) 1.11¢1.53 0.009

Lateral inflow(G3 ¢ G4) 1.53¢2.24 0.009

Lateral inflow(G2 ¢ G3) 2.24¢2.38 0.031

Figure4-3 compares the water surfacprofile forthe initial calibrationeventz Ay KA OK al Yy Ay
set to 0.15 globally, with the sugyed water surface profilélhis initialcalibration works well

downstream from crossection G4 butit significantly undejpredicts water surface elevation

upstrean ofthis location

35
c-7 :
Surveyed WL (9 Dec 2015 Survey)
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Figure4-3: Comparison of surveyed water surface profiles with that for an initial calibration of the Carran
Creekmodelal yyAy3Qa y NRdzAKySaa Aa asSi G2 nomp It20lffead

The poor calitation upstream of crossection G4 is likely due to partial blockage of the low flow
channel bydenseplants This is supported byhmtographs takerduring the survet sites @& and C
7 (Figure4-4) showngthat the low flow channkis significantly narrowed by maté reeds growing
on the banksThis blockage effect would be reduced at higher flgagstheplants areflattened by
the higher flow velocitiesand therefore the high roughness needed to calibrate to it would be
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unrealstic at higher flowsLocal flow constrictions not captured by the crasxtion survey could
also be raising the water level in the creek. This is a potential cause of difference between the
modelled and observed water levels but by their nature any &femuld be localised so it is unlikely
that this is the cause of differences over ~1.5 km of channel.

'/ r
Y

0z

|

Figured4-4: Photographs at gauging sites@(top) and €7 (bottom) showingplant growth. The
photographs wee taken during the flow gaugirarvey on 9 Dec 2015

Additional water level data on Carran Creek was available from a longitudinal water surface profile
survey undertaken by Environment Southland on 11 July 2l flow in Waituna Creek at thiene
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of the survey, based on rated flow from the Waituna at Marshall Road recorder, was steady at

around 0.79¥s.! LILJE @Ay 3 (GKAA (G2 9YDPANRYYSYyld {2dziKflyRQa
recorded flow in Waituna Creek, the flow in Carran Crtetke time of the survey is estimated to be

0.204 ni/s. This equation gives flow at the Carran Creek telemetry site which is close to the

upstream extent of the model (i.e., to cresection €7). This equation was calculated from a period

of concurrent fow observations and has been demonstrated to be reliable for hindcasting flow in

Carran Creek{=0.97, pers comm Chris Jenkins)

We undertook a second calibration of the Carran Creek model using the 11 July 2012 water surface
elevation data as a chliation profile.Table4-7 lists the inflow and water level boundary conditions

that were appliedInflows were not gauged during 11 July 2012, so no data was available from which
to directly assess lateral inflowisistead, lateralnflows are assumed to have the same proportion to
the main channel inflow as in the December 2015 survey, totalling 52% of the main channel flow.

As a check on the lateral inflows, we calculated the catchment area for the whole Carran Creek
catchment tobe 49.25 krhand the catchment downstream of cresection G7 to be 23.12 krh The
proportion of the catchment below crossection C7 is therefore 47%, which is close to our estimate
for lateral inflows totalling 52% of the main channel flGvnis confims that our estimate for lateral
inflows, totalling 52% of the main channel flow, is reasonable.

Table4-7:  Carran Creek modelboundary conditions and lateral inflows for the second calibratiewvent

Boundary conditions/Flow inputs Chainage, km Flow, n¥/s Water Level, m
Upstream flowboundary condition 0.00 0.204

Downstream water levédoundary condition 5.02 0.45
Lateral inflow(G6 ¢ G7) 0.00¢ 0.55 0.059

Lateral inflow(G5 ¢ G6) 0.551.11 0.05

Lateral inflow(G4 ¢ G5) 1.11¢1.53 0.02

Lateral inflow(G3 ¢ G4) 1.53¢2.24 0.02

Lateral inflow(G2 ¢ G3) 2.24¢2.38 0.07

Figured-5 compares modelled and surveyed water surface profile for the second calibeson
after calibrationa  YY Ay 3Qa Yy KI & 0 $6odagéeénientis8hownoventhe®écB o f £ &
for which survey data is available (i.e., from chainage 0.3 to 1.44 km).

The final roughness calibratiomgble4-8) is a commation ofresults fromthe two calibration
events

Table4-8:  Carran Creek modelfinal roughness calibration.

Sub ReacliChainage tefrom, km) al yyAy?3 Basis
0.00-1.527 0.08 9 Dec 2015 Water LevBlrvey
1.54-5.02 0.15 11 Jul 2013 Water Level. Surve
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Figure4-5: Comparison of surveyed water surface profiles with that for the second calibration of the
Carran Creekmodela I Yy A y 3 Qa ¢setNdOdEdgolfaflyd & A

4.2.3 Calibrating the Moffat Creek model

Table4-9 lists the main channel inflow and downstream water boundary conditions applied in the
calibration to match water surface profile during 1 and 3 March 2017 suiMsy water leveih the
lagoon on the day of survey was constant at around 1.37 m.

Table4-9:  Moffat Creek modelk boundary conditions for the calibration model.

Boundary conditions/Flow inputs River distane Flow (n¥/s) Water Level (m)
(km)

Upstream flow boundary conditieMoffat Creek 0 0.017

Downstream water level boundary condition 3.73 1.37
Lateral inflow(M-7 ¢ M-8) 0¢0.56 0.0035

Upstream flow boundary conditieMoffat Tributary 0 0.0035

Lateal inflow-(M-5 ¢ M-6) 1.11¢1.42 0.023

Lateral inflow(M-4 ¢ M-5) 1.42¢1.91 0.007

Lateral inflow(M-3 ¢ M-4) 1.91¢2.49 0.006

Lateral inflow(M-2 ¢ M-3) 2.49¢2.97 0.026

Lateral inflow(M-1a¢ M-2) 2.97¢3.34 0.035

Figure4-6 compares calibrated model and surveyed water surface profile for the calibration event.
Figure46l f a2 aK2ga GKS OFfAONIGSR alyyAy3aQa y NBdAzAK)
surveyed sections. Linear interpdibn was used to determine roughness values at computational
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nodes betweencrosa SOl A2yad ¢KS alyyAydaQa y NRdAdAKySaa

at cross section M2, M-1 and M1a) have been taken as 0.2. Also, for upstream cross sections (fr
cross sectionsMtoM-y 0 X al yYyAy3dQa y NRdzZAKYyS&aa 2F ndop
modelled and observed water levels over the reach.
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Figured4-6: Comparison of surveyed and calibrated water suctaprofiles for Moffat Creek. Calibrated
alyyAyaQa y NRdAKySaa O fdzSa INB | fad2 aKz2gyo

4.3 Applying the models

Following calibration, the now calibrated hydraulic models of Waituna Ctsakan Creeknd
Moffat Creekwere used to assess backwater effefttisfour scenarios comprisirntgvo steady flows:
1) mean flow(Qnear); and2) a higher but not extreme flow, taken #se 90 percentilenighflow (Qsg),
in conjunction withtwo roughness categories: f¢hannelvegetated; and2) échannel cleareél For
eachscenario, steadsgtate backwater profiles were extracted for a range of lagoon levels.

Based on analysis of rated flow data from the Waituna Creek at Mars¥aalIrRcorder for the
period from13 Augus2001to 31 Dec2015(the full period of record for tis site) the mean flow and
90 percentilehighflow at site W8 in Waituna Creekwere calculated to be 1.66%s and 4.15 r's,
respectively.

I G

YI 1 S

Then, applyin® Y SANB Y YSy G { 2dzi Kt I yRQ& S| dridWeéffatyLreawds t | G Ay 3

flow in Waitura Creek the mean flovg at site C7 in Carran Cree&knd M-8 in Moffat Creekfor the
same periodare estimated to bed.300 m*/s and0.234mq/s respectively, anthe 90 percentilenigh
flows, to be0.76m%s and 0.514m°%s respectively
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As for the calibraon runs, lateral inflows into the main channel of Waituna Creek are assumed to be
negligiblebased on the negligible increase in flow observed during the 10 December 2015 flow
gaugings. This is consistent with its large upstream catchment and relativelycatchment within

the modelled reachkor CarrarCreek and MoffaCreek lateral infloware significant and were
specifiedusing the same proportions to inflow as determined from the 9 December,201b8

March 2017low gaugingsrespectively

Lagoonlevels ranging from 0.5 m to®2m at 0.5 m increments were simulateéis well, hree
additional lagoorievels: 1.2 m, 1.8 m and 2.3 m that were of special interest, were also simulated.

Environment Southland periodically clé&faituna CreekMoffat Creeland Carran Creek pfants

using a backhoe to scrape the sides and bottom of the channel vaoeessibleThe model

calibration highlighted the significant effect plantson creek water levels. It is likely that the

variable effect oplant growthrepresents the biggest source of uncertainty in this modelling study so
two roughness scenarios were modelled to represent fhie two roughness categories:&hannel
vegetated; and 2)dchannel cleareé @rrespond to conditions before and aftehannelclearing.
Roughness for the two categories is defined as follows:

A C2NJ GKSvegetated y PET1SI2NE T G KS ¥ aafdeberikh®@inzaKy Saa
Section4.2.1for Waituna CreekSectiord.2.2for Carran Creelind Sectiord.2.3for

Moffat Creek have been appliedJseof the roughness calibrations is consistent with
highvegetationon the banks and sides in some reache®/aituna and Carraoreeks

as was the casat the time of the December 2015 survey (dsscribed in flow gauging

notes and shown in phlographs).

A C2N) GKS aOKIyySt Of SINBRé¢ OFGS3I2NRX || O2vya
considered suitable and has beapplied.

. @ O2YLI NARAYy3 GKS Wwiettdd (BAY R TAaOKISYy yOKI giy St NERé aAy
to isolate the effects gplant growth and understand the level of uncertainty in the model results
due to this source of variability.

The modelling dog not consider wind satp in Waituna Lagoon, although this may be done at a
later stage Any setup should be added to the lagoon level, before the relationships derived here are
used to estimate the effect on the creek upstream.

4.4 Results

The model resultare presentedisinglong section profiles of creek water lexad well as maps
showing the area of land impacted. We have mapped two different severities of impact:

1. Land which is inundated. These areas have been mapped as land where the ground
level in tre LIDAR derived digital elevation model is lower than the modelled water
level in the creek.

2. Lard which is potentially influenced by poor drainage. The maps identify farm land
adjacent to the main river channel thatusthin a threshold distance of thevater level
in the main channel. The basis for this is that flow in the field drains, will start to be
influenced by backwater effects when their downstream end becomes drowined.
different depth thresholds, In and 2m, were applied in order to represettte range
of depths at which field drains are likely to occline plots, therefore give an
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indication of areas that could have reduced drainage duagoonlevel effectslt is
recognised that this is a simplistic assumptionthe calculation of draiage affected
areasbut we feel it provides a useful firsut mapping of areas where land drainage is
potentially impeded.

When interpreting the long section plots and the maigs possible tadentify the effects of lagoon
level by comparing the resultfor a givedagoonlevel with the results for the low (0/5) lagoon
level simulation. The increase in water leflehg-sections)or affected aregmaps)from this low
lagoonlevelbaselinerepresents the effect of the goon This is illustrated ifrigure4-7. Reaches
where the water level or affected area does not change between differguatdalevels indicate that

inundation or poor drainage results from the combination of creek flow and roughness irrespective
of lagoon levé

Backwater exter
1

Reach only influence
by flow and roughnes

v

Reach influenced by change i
lagoonlevel

—
--
-
~~-—-——--
- —

fl---------- _____ Lagoon=2.0m
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LagoorF 0.5m

a) Long profile Bed leve

Backwater

extent
Legoonhas no '

influence beyon ,’I

} w\\m\\\\\\ e

lagoon
S

Land affected witl
2.0m Iagoonlevel\

7

b) Map ofpotential drainage affected land

Figure4-7: lllustration of how increase in water level above the lowdaonlevel scenario represents the
effect of the lagoon. a) Shows long section. b) Shows map view.

The backwater extent has be¢abulated and marked on the inundation maps. The backwater
extent has been defined as the upstream limit of the reach where the lagoon affected creek water
level is higher than the creek level under low lagoon level condit®r®nsistentdepth threshdd of
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0.02m has been applied when calculating backwater extent pstream ofthe backwater extent
the lagoon level has a negligilfle 0.02m) effect on water levels.

4.4.1 Waituna Creek backwater profilesnd extent

Figure4-8 plots backwater profiles for Waituna Creélour plots are shown covering backwater
profiles for the two flow cases (nand Q) | YR T2 NJ 62 NRddzZAKySaa OF
I YR & Ovkdetsitg@dSEaizh plot shows water surface profiles for agamf lagoon levels from

0.5 mto 2.5 m and bed thalweg profileThe bed thalweg level is shown as a solid line where it has
been interpolated between surveyed cressctions and as a dotted line, where it has been
extrapolated.

Waituna Creek - profiles (mean flow, channel cleared) Waituna Creek - profiles (Qg flow, channel cleared)
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Figure4-8: Waituna Creek backwater profilesLeft hand side plots are for mean flow and right hand side
plots are for the 90 percentilkighflow. Within each vertical slice, the top plot is witthannel cleared" and
the battom plot is with "channel/egetated.

As well as the backwater profiles, maps of inundation extent for lagoon watelsl ofl.0 m,1.5 m,
2.0 m and 2.5 m were created and are showAppendix BFour maps are shown, onerfeach flow
and roughness charactsation scenarioEach plot shows,sawell as inundated lanarea, red lines
indicatingthe backwater extent in the main chanrfel a range of lagoon watdevels.Table4-10
provides the same infonation in tabular form, with backwater extent given in terms of chainage
along the channel.
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Table4-10: Waituna Creek the chainage in kilometres of the backwater extent for the four scenarads
different Waituna Lagoon water levelsNote: Since chainage increases in a downstream diredtigher
chainage represent desserbackwater extent.

Channel Cleared ChanneNegetated
Lagoon WL, m Qmean Qoo Qmean Qoo
1.0 4.31 3.30 4.34 5.25
1.2 4.02 3.30 3.91 5.06
15 3.60 3.27 331 4.71
1.8 3.32 3.19 3.13 4.42
2.0 3.16 3.10 3.04 4.17
2.3 2.92 2.87 2.84 3.59
25 2.73 2.72 2.68 3.36

Key resultselating to backwater extenn Waituna Creelre:

A For the range of Waituna Lagoon water levels considered peo 2.5 m)the

furthest backwater extent was to around chainage 2.7 km and occurred at a lagoon
level of 2.5 mAt thislagoonlevel, three of the four scenaridgve very similar
backwater extentsThe exception is théQe - ChanneNVegetated scenaio which,
because of raised water levels drowning out some of the backwater effect, gives a
reduced backwater extent.

Foreach lagoon water levelhée Qs -ChanneNVegetated scenario givethe least
backwater extentsThis is because the water leveledto flow is already high in this
scenario so the goonhas little further effectThe other three scenariagive

backwater extents that are higher and that are broadly singlarept atiow lagoon
levels6 2 [ X mMPp QI Kd KFYEB (| af® hineShackwaieO S
extents that are up to 1 km furthrghan the other two due to the effect of the higher
flow raising water levels in the channel near the lagoon, but not so much as to drown
out the backwater effect.

Farmland inundated by high lagostatic water levebr backwater from the lagoon, is
mainlywithin an area on the true left of the channel south of a farm asc®ad with
connection to Marshall Road about 1 km south of White Pine Rd@adnstream of
chainage 4.&m). At the 90 percentd highflow, significant inundation of this area
occurs even at lowagoonlevel when the channel ig&getated indicating that
inundation isrelated to restriction of the channel rather than the lagoon leWith

the channekleared, or at mean flowthe effect oflagoonleveldoes become
important. Under these scenariosignificant inundation then occurs only when the
lagoon levekquals orexceeds 2.0 m.
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4.4.2 Carran Creekackwater profilesand extent

Figure4-9 plots backwater pofiles for Carran Creekour plots are shen as described in Section
4.4 .1for Waituna CreekEach plot shows profiles of water surface elevation for a range of lagoon
levelsfrom 0.5 m to 2.5 nand a bed thalweg profile.
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Figure4-9: CarranCreek backwater profilesLeft hand side plots are for mean flow and right hand side
plots are for the 90 percentilbighflow. Within each vertical slice, the top plot is with "channelackd" and
the bottom plot is with "channelegetated.

Maps of inundation and backwater extent have been plotted for Carran Ceefel &Vaituna Creek
(see Sectiod.4.1), and are shown iAppendix C Table4-11 summarges backwater extents for the
four scenarios.

Table4-11: Carran Creek the chainage in kilometres of the backwater extent for the four scenarios at
different Waituna Lagoo water levels. Note: Since chainage in@ges in a downstream direction higher
chainags represent dower the backwater extent.

Channel Cleared ChanneNegetated
Lagoon WL, m Qmean Qoo Qmean Qoo
1.0 242 2.49 2.49 2.57
1.2 1.84 2.40 2.40 2.44
1.5 1.05 2.18 2.14 2.25
1.8 0.65 1.11 1.11 2.03
2.0 0.47 0.64 0.55 1.93
2.3 0.23 0.27 0.21 1.18
25 0.06 0.07 0.04 0.48
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Key resultselating to backwater extent in Carran Creek are:

A For the range of Waituna Lagoon water levels considered (i.e., up tmQ.the
furthest backwater extent was to about 4@ downstream of crossection G7 (i.e. to
chainage @4 km) and occurred at a lagoon level of 2.5Anthis lagoon water level,
three of the four scenariosave very similar backwater extenihe excepon is the
& ¥- ChanneVegetated & O SA$ foN@a@uda Creek, the raised water levels that
occur under this scenario drown out some of the backwater effect, thereby giving a
reduced backwater extent (to chainage 0.48 km)

A A restriction in the chanriat chainage 2.6 krfi.e., at surveyed crossection Gl) acts
as a control (se€igure4-9). This combined with high roughnes$en the channel is
vegetatedraises water levels steeply upstream of this poig.aresult, except at
lagoon water levels greater thah5 m,backwater effects for théwo & / K| y y S f
Vegetated & O Sy I NORR & NJ Kl KySy Sifv / £ S lexisBdRupstreéar® Sy | NR& 2
only as far as chainage 2.14 kine., to about0.6 kmdownstreamof Waituna Lagoon
Road Bidge)

A For the range of scenarios considerduk £xtent of inundatior{as shown imAppendix
D, FigureD-1 to FigureD-8) is determined mostly by lagoon level aisebnly vey
slightly affected byplant growthandflow in the main channellhe main areaf
inundatedlandis westand northrwest of Little Lak&Vaituna No significaninundation
occurs east of Waituna Lagoon Raadhorth of Hanson Road.
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4.4.3 Moffat Creek backwaterrmpfiles and extent

Figure4-10 plots backwater profiles for Moffat Creek. Four plots are shown as described in section
4.4.1for Waituna Creek. Each plot shows water surface profiles for a rangeoofiadgvels from 0.5

m to 2.5 m and bed thalweg profile.
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Figure4-10: Moffat Creek backwater profiles Left hand side plots are for mean flow and right hand side
plots are for the 90 percentile highlofv. Within each vertical slice, the top plot is with "channel cleared" and

the bottom plot is with "channel vegetated"

Maps of inundation extent for lagoon water levels of 0.5 m, 1.0 m, 1.5 m, 2.0 m and 2.5 m were
created and are shown iippendix CTable4-12 provides backwater extents for the four scenarios

in tabular form.

Table4-12: Moffat Creekg the chainage in kilometres of the backwater extendif the four scenarios at
different Waituna Lagoon water levels Note: Since chainage increases in a downstream direction, higher

chainages represent a lesser backwater extent

Channel Cleared ChanneNegetated

Lagoon WL, m Qmean Qoo Qmean Qoo

1.0 325 3.35 3.37 3.42
1.2 3.00 3.23 3.25 3.37
15 2.58 2.83 2.93 3.26
1.8 2.34 2.39 2.49 2.97
2.0 2.25 2.25 2.28 2.63
2.3 211 2.09 2.09 2.21
2.5 2.01 2.00 1.99 2.07
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Key results relating to backwater extent in Moffat Creek are:

A For the range of Waitunkagoon water levels considered (i.e., up to 2.5 m), the
furthest backwater extent waaround chainag@.0km.

A For eachlagoon water level, th®0 percentile high flow with a vegetated main channel
scenario gives the least backwater extent. The reasomiswater level due to flow in
this scenariexceeds théagoon effect.

A For the range of scenarios considefas shown irAppendix CFigureG-1 to Figure
G8), the main areaf land inundated by high Waituna lagoon levslsvetland habitat
near the Waituna lagoon, not farmlantittle directinundationof farmlandis shown
for any of the scenarios

4.4.4 Waituna Creek maps of potential drainage affected land

Appendix EBnd Appendix Hrovide maps for Waituna Creek of land areas where drainage is
potentially affected by backwater high watereffectsfor two threshold depths: 1.0 and 2.0 m,
respectively Eght maps are showifor each threshold depthtwo for each flowroughness
characterisation scenario.

Key results relating to potentially drainage affected land in Waituna Creek are:

A Atthe 90 percentilehighflow, the landareawhere drainage is gentially affected is
much more influenced by high channel roughness than by lagoon water lesel.
evidence of this, compare the large area of drainage affected land at 1.0 m lagoon
level inFigureE7 with the extent of potentially drinage affected land at all lagoon
levels inFigureE3.

A For the lower flow case (i.e., atean flow), lagoon water level has a larger effect on
the area of potentially drainage affected land (¥&gureE-1 and FigureE5) with the
area affected increasing with increase in the lagoon water |8\ed. upstream extent
of this area for a 2.5 m lagoon leyahder both channel roughness scenayiss
approximately0.5 km south of Whé Pine Road

A Considering a 2m threshold rather than a 1m threshold resultxleaxincrease in
drainage affected land identified under all scenarios, however the increase in area
because ofncreasing lake levels is similar for the 1m and 2m draidegeh analysis.

4.4.5 Carran Creek maps of potential drainage affected land

Appendix Gind Appendix provide maps of potentially drainage affected land for Carran Creek
similar to thosedescribed in &ction4.4.4for Waituna Creek.

Key results relating to potentially drainage affected land in Carran Creek are:

A Downstream of Waituna Lagoon Road Bridge, the dominant influence on the extent of
potentially drainage affected il is the Waituna Lagoon water levelpstream of the
bridge, the lagoon level has little effect except at high lagoon levels (WL > 2.0 m), and
the dominant influence is channel flow and roughness.
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A A swath of land about 500 m widwnstream of Waituna Lagn Road Bridge and
west of Lagoon Road$hown to bepotentially drainage affecte(Lm thresholdeven
at low lagoon level (taken as 0.5 m).

A Atthe 90 percentildighflow, FigureG-7 shows a fairly large area of farmlae 44
ha) upstreamof Waituna Lagoon Road Bridtet is potentially drainage affectegdm
threshold)when the channkis weedyThisarea reducen sizeby about40% if the
channel is cleared (viEigureG-3). Forboth Qo scenari®, the area with impeded
drainage was nodramaticallyaffected by lagoon opening or closing, as there were
large areas inundated even when the lagoon was at 0.5m

A At mean flow, &cept at high lagoon levels (WL > 2.0 veyy little farmland upstream
of Watuna Road Bridge is potentially drainage affectedler the 1m thresholgwhen
the channel is clear gflants(viz.FigureG-1). If the channel is insteadegetatedthen,
from FigureG-5, more farmlandis potentially drainage affected.

A Considering a 2m threshold rather than a 1m threshold results in a clear increase in
drainage affected land identified under all scenarios, however the increase in area
because of increasing lake levels is similar forlimeand 2m drainage depth analysis.

4.4.6 Moffat Creekg maps of potential drainage affected land

Appendix Fand Appendk Iprovide maps for Moffat Creek of land areas where drainage is potentially
affeded by backwater or high water effects using 1.0 m and 2.0 m threshold depths, respectively.
Key results relating to potentially drainage affected land in Moffat Creek are:

A Considering a fin threshold depth for the identification of potentially drainage
impacted land shows that little land upstreamtbt lagoon backwater is affected by
poor drainage.

A Using a In threshold depth suggests that land further upstream is also potentially
affected, but the potentially affected land is confined to an approxinya®€l0m wide
corridor centred on the Creek (or 1@ wide corridor centred on its main tributary).

A At the 90 percentile high flow, comparing the area of drainage affected land between
cleared (sed-igure~3) and vegetated (sekigure~7) channels with 1 m threshold
depth indicate that the area where drainage is potentially affected is more influenced
by high channel roughness than by lagoon level. Howelvag, im threshold deptlis
consideredhere isno significant difference in potentially drainage affected land under
two scenarios of cleared (séggurel-3) and vegetated (seEigurel-7) main channel

4.4.7 Sensitivity analysis

A sensitivity analysis wasnductedto investigate the sensitivity of the backwater extent calculation
to the threshold used for defining the limit of the backwater effect.

To investigate the sensitivity of the backwater extent calculation the calculation was repeated using a
0.05m threshold and the results compared to the originally calculation using an®#B2eshold. For

this higher threshold, backwater extents up channel were typically: 200 to 300 m less for Waituna
Creek; 70 to 180 m less for Carran Cresld 20 to 140 m ks for Moffat Creekbut the overall

pattern of how the extend changed between the different scenarios did not chargereduction in

extent associated with increasing the threshold from ®% 0.05m demonstrates how in the
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most upstream part of thé@ackwater exten(as marked on the maps Appendix BAppendix C
Appendix the lagoon only a small{2cm) effect on water levels.

The sensitivity of the area of @inage affected land to the depth threshalded for identifying itvas
investigated by comparing maps of drainage affected land identified usingnadnd 2.0 m
thresholds The2.0 mthreshold was selectetb beindicative of locations with very deepefd drains.
This comparison was done fall threeWaituna Carranand MoffatCreeks foeach flowroughness
characterisationMaps showing the results ofd¢ke analy®s are included il\ppendix Eo Appendix
Jand have been discussed under sectidris4to 4.4.6 In generalhis sensitivity analysis shows that
the deeper threshold does result in a moderate increase in the area of land fiderdis being
impactedbut the overall pattern of inundatiodoes not change.
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5.1 Waituna Creek

1.  The furthest backwater extent of Waituna Lagoon up Waituna Creek for the range of lagoon
water levels considered (i.e. up to 2.5 m)asa around400 m upstream of White Pine Road

2. h¥T GKS n &aOSyINAR2&a Y2RStftSRI @QKSGhatindlad ol O1 61
Vegetated scenario Under this scenario the creek levslvery high anyway, so the lagoon
level has little impactThe otler three scenario gave backwater extents that are higher and
broadly similabetween scenarios (although varying with lagoon leegbept at lover lagoon
levels (WL < 1.5 m).

3. Farmland inundated by high lagoon water level or backwater effects from therdganainly
within an area on the true left of the channel south of a farm acecead offMarshall Road
about 1 km south of White Pine Roakt.the 90 percentildnighflow, significant inundation of
this area occurs even at low lagoewek when the chanel isvegetated indicating that
inundation isrelated to restriction of the channel rather than the lagoon leWith the
channel cleared, or at mean flow, significant inundation occurs only when the lagoon level
equals or exceeds 2.0 m.

4.  Atthe 90 pecentile highflow, the areaof landwhere drainage is potentially affected is much
more influenced by high channel roughsgslue toplant growth) than by lagoon water level
(including backwater effectsit mean flow, thdagoon water level has a moreyasificant
effect, but with more limited upchannel extent.

5.2 Carran Creek

1. For the range of Waituna Lagoon water levels considered (i.e., up to 2.5 m), the furthest
backwater extent was to about 400 m downstream of cresstion C7 (i.e. to chainage 0.4
km)and occurred at a lagoon level of 2.5 m.

2. Arrestriction in the channel at chainage 2.6 km acts as a cordising water levels steeply
upstream of this pointThis limitghe extent of backwater effectwhen lagoon levels are less
than 1.5m, particularly when the channel igegetated

3. The main area of land inundated by high Waituna lagoon water levels is west towestrof
Little Lake Waituna. No significant inundation occurs east of Waituna Lagoon Road or north of
Hanson Roadl'he extent of this inutiation is due mostly to lagoon lewvelt is only very
slightlyaffectedby channel vegetatioand flow.

4. A swath of land about 500 m wide downstream of Waituna Lagoon Road Bridge and west of
Lagoon Road is potentially drainage affected even at low lagnah (taken as 0.5 m)
although much of this land is wetland habitat

5.  Atthe 90 percentildnighflow, a fairly large area of farmland, upstream of Waituna Lagoon
Road Bridgé~44 ha) is potentially drainage affected when the channelégetated This area
reduces in size by abod0%,if the channel is cleared.

6. At mean flow very little farmland upstream of WaitubagoonRoad Bridge is potentially
drainage affected, when the channel is cleaplaints although land does start to become
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affected once lagon levels exceed approximately 1.8lithe channel is insteagegetated
then, morefarmland is potentiallgdrainage affectedbut lagoon level has relatively little effect

5.3 Moffat Creek

1. For the range of Waituna Lagoon water levels considered (i.e., Bfptm), the furthest
backwater extent was to about 140 downstream of cross sectieh (Me. around 940 m
downstream of Moffat Road Bridge).

2. The main area of land inundated by high Waituna lagoon water levels is wetland near the
outlet of channel to Waitna Lagoon. A smalleaof farmlandin the lower reaches can
inundated due mostly to high lagoon levels rather than channel vegetation and flow.

3. At mean flow, 28 ha of farmland adjacent to the main river channel that is less than 1.0 m
above the water leviein the main channel is potentially drainage affected when channel is
vegetated(under 2.5 m lagoon levelThis area reduces to about 25.3 ha if the channel is
cleared.

4. At mean flowarea of potentially drainage affectddrmland adjacent to the channelith
ground elevation less than 2.0 m above the channel water level when channel is vegetated is
~100.3 hgunder 2.5 m lagoon levelThis area reduces in size by about 16% if the channel is
cleared.

5. At the 90 percentile high flow, a larger area of féand (~27.4 ha) is potentially drainage
affected with 1 m thresholdepth when the channel is clear (under 2.5 m lagoon level). This
area increases tabout48.1 ha if the channel is vegetated.

6. At the 90 percentile high flow, area of farmland which poteltyi drainage affected with 2 m
thresholddepthisabout95.4 when the channel is cleat (under 2.5 m lagoon level). This
area increases in size by about 18% if the channel is vegetated.

5.4 Overall summary

Bathtub inundation modelling shows the area ofdanundated by static lagoon water levels up to
2.5m is relatively minor and generally around the mouths of the three main tributary creeks:
Waituna, Moffat and Carran.

For all three Waituna, Moffat and Carran Cretlesarea of land affected by directundation and
impeded drainage is a function of lagoon levw rate and plant growth in the creeks. The relative
importance of these three factors varies spatialllye most downstream parts of the Creeks

strongly affected by lagoon level but furthepstream this has little or no effect and channel
vegetation and flow dominate. For high flow, densely vegetated condititiedagoon level has less
impactas Creek levels are already higimder high flow conditions the area of farmland with
potentially affected drainage is much higher as a result of a vegetated channel than as a result of a
high lagoorevel (forall threecreeks).

When interpreting results from this study it is important to bear in mind the various assumptions and
simplificationgnvolved in the analysis. Of particular importance is the way simpheahd 2 m
thresholddepthsto lagoon/creek water levelwere applied to map the area of land potentially

influenced by poordrainage ' YR (GKS g1 & @I NBAYy3d atsiayelbger Qa Wy Q
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used to simulate vegetatiort shouldalsobe noted that study does not account for any wind effects
on lagoon level.

5.5 Recommendations for further analysis

While this study provides a godidsis for understanding how lagoon levels impact fardlaround
Waituna Lagoon there are a number of ways uncertainty could be reduced

1. The uncertainties associated with the threshold used for mapping areas with impacted
land drainage could be reduced by investigating/mappheti/pical depth of field
drains in low lying areas adjacent to the Creeks.

2. Further water level and flow gaugings in the identified backwater reaches under
different flow andplant growth conditions would provide additional
calibration/validation data to improve model certainty.
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This study has been supported by flow, LIDAR and bathymetric data provided by Environment

Southland.

7 Dt2z2aal

ADCP

backwater

chainage

DEM

hydraulic roughness

LiDAR

al yYAy3Q4&

raster grids

wind setup

Acoustic Doppler Current Profiler: Instrument for conducting flow gaugings
measuring the distribuon of flow velocity across a crasection.

increase in creek water level due to downstream high water (lagoon level)

Distance along a river channel from the start of the modelled reach to any ¢
crosssection

Digital Elevatin Model: A digital map of land elevation

Hydraulic roughness represents the frictional resistance of a channel to flo
passing through it. In this study roughness is quantified using Manning's 'n'
coefficient.

Abbreviation forLight Detection And Ranging. LIDAR data is high resolution
topographic survey data collected using an aircraft mounted laser scanner

Coefficient used to specify hydraulic roughness. A higher value of 'n' mean:
channel has more resistanse will require greater flow depths to pass a give
Ft20d /2y@PBSNESTe || f26SN) WwyQ YSIy
any given flow rate and slopélypical values of n relevant to this study are
given inTable4-4.

maps of data at a constant spatial resolution, for example a 20m resolution
raster grid is a gridded data set where each 20m x 20m cell contains a sing
value.

Local increase in lagoon level on the downwind side of the lagaosed by the
wind inducing a sloping water surface

8 WSTSNBYyOSa
Chow V.T. (195%pen Channel HydrauliddcGrawHill, New York.

Thompson, C. (201®)arran and Waituna Creek Cross Section Survey of GaugingS@vey.
Report December 201Report pepared by TrueSouth Survey Services Ltd., for Environment
Southland, December 2015.
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Appendix A Summary of metadata from flow gauging notes

TableA-1:  Waituna Creek flow gauging metadata.

Cross Start End Flow

Location . Easting Northing Date . . Details Bed Plant growth Other notes
section time time (I/s)

g:fo?jgfd Hydrology  \vg 1258125 4838490 10/12/2015 13:16 1345 482 Pygmy, Wading  Gravel Not really
Marshall Rd Dairy Farm W-6 1257775 4837589 10/12/2015 11:27 11:45 460 StreamPro, Wading Gravel Yes Strong wind
Marshall Road Farm W-5 1257745 4837288 10/12/2015 10:38 11:00 423 StreamPro, Wading Gravel Yes Strong wind
Trustee Ltd Bridge
500m u/s of White Pine Rc W-4 1257674 4836759 10/12/2015 9:43 10:04 473  StreamPro, Wading Gravel Yes Moderate wind
White Pine Rd W-3 1257842 4836348 10/12/2015 8:45 8:59 465 StreamPro, Wading Gravel Yes
500m d/s White Pine Rd ~ W-2 1258032 4835904 10/12/2015 8:02 8:19 495 StreamPro, Wading Gravel Not really
1000m d/s White Pine Rd  W-1 1258120 4835345 10/12/2015 7:19 7:32 541  StreamPro, Wading Gravel No
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TableA-2:  Carran Creek flow gauging metadata.

Location Cro_s S Easting Northing Date S_tart I_End Flow Details Bed Plant growth Other notes
section time time (I/s)
1500m ufs of Waituna ., 1267302 4837462 9/12/2015 16:53 17:18 90  StreamPro, Wading Muddy Very weedy Difficult to get consistent
Lagoon Rd flows. Lots of sweet grass
. Choked with weeds Stage dropped 3mm while
igog(r)nnuéséof Waituna G6 1267027 4837081 9/12/2015 15:38 16:05 116 StreamPro, Wading Muddy exceptfor narrow on site. Site d/s of
g channel hydrology recorder
500m u/s of Waituna . . .
Lagoon Rd G5 1266664 4836756 9/12/2015 14:01 14:30 138 SreamPro, Wading Gravel/Muddy Very Weedy
Waituna Lagoon Rd Bridge G4 1266566 4836441 9/12/2015 9:10 9:57 175 StreamPro, Wading Gravel 83%:5” sides in
fgg;‘;g’;gf Waituna c3 1266777 4835976 9/12/2015 11:54 12:09 156 StreamPro, Wadip Sand/Gravel  Very Weedy
fgglﬂ,ﬁ’éé’f Waituna G2 1266790 4835845 9/12/2015 11:13 11:21 187 StreamPro, Wading Sand/Gravel Very Weedy
; Unsuitable site flow only
Outflow to Little lake C1 1266935 4835657 9/12/2015 10:58 11:01 48  StreamPro, Boat  Sand/Gravel  Slighly rough estimate from 1

Waituna

M® G2 SSRe¢
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crossing
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TableA-3:

Moffat Creek flow gauging metadata.

Location Cros_,s Easting Northing Date S_tart End Flow Details Bed Plant growth Other notes
section time time  (I/s)
Tributary. upstream of shallow but straight section
Moffat Ryd P M-8 1260941 4836654 8/3/2017 17:07 18:08 17 Ott, Wading Very weedy with expected velocity
patterns
Extremelwveed Upon arrival the stream
u/s of Hansen Rd M-7 1260693 4837401 8/3/2017 15:50 16:20 28 Ott, Wading choked w was not flowing. Straight
section with slow velocity
500m u/s Moffat Rd M-6 1260480 4836907 8/3/2017  14:07 14:41 24  Ott, Wading Gravel Very weedy ?:(i'l'é’r‘]’v creek, straight
Moffat Creek at Moffat Rd M-5 1260364 4836402 1/3/2017  08:26 09:01 47  Ott, Wading Sandigravel  Relatively weed free aight section, ex
Hydrology site for ES
300m d/s Moffat Rd M-4A 1260115 4836234 1/3/2017  15:26 16:01 54  Ott, Wading Gravel Very weedy Constricted stream,
relatively straight section
1150m dis Moffatt Rd ) 35 1959576 4835753 1/3/2017  14:12 14:47 60  Oft, Wading Gravel Weedy creek Relatively straight section
(100m u/s survey site 3)
2 kmd/s Moffat Rd M-2 1250480 4835048 1/3/2017  12:30 13:30 86  Oftt, Wading Gravel Whole creekiis very - Tile drain upstream
weedy discharging
Deep and slow velocity
600m from lagoon M-1A 1259626 4834728 1/3/2017 10:37 11:36 121  Ott, Wading Gravel Not too weedy (esyecially in bottom

measurement)
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Appendix B Waituna Creeknundation extenimaps
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Lagoon Water Level (m)

Backwater Extents
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FigureB-1: Extent of Inundated landrom Waituna Creeland of the backwatereffect from Waituna
Lagoonford O Sy | N&/2K laywy St IndnGatedNEnR i thapped for lagoon water levels of 1.0 m, 1.5
m, 2.0m and 2.5 mThe red lines plothe maximum extent of thdackwatereffect atlagoon water levels as
annotated on the line{ OSy I N&/2K laywy St/ f SrhebdIREwithva2rdRéhily cleared main

channel.
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FigureB2: 9EGSY(d 2F LydzyRFEGSR 1 yR TR XI2YYASE dzy It S/ NNBRE oA
lagoon levels of interest).Inundated lands mapped for lagoon water levels of 1.8 m, 2.0 m and 2.3 m.
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FigureB-3: Extent of Inundated land from Waitun&reek and of the backwater effect from Waituna
[F322y F2 N3/ aKGSHYNR AndcdatedEnR is tapped for lagoon water levels of 1.0 m, 1.5 m,
2.0 m and 2.5 niThe red lines plot the maximum extent of the backwater effect at lagoon wateideas
annotated onthe line{ OSy | AR VWSt / £ SI NSR¢  YHgRM®W with dirécntlypn  LISND Sy i
cleared main channel.
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FigureB-4: Extent of Inundated land from Waituna Creek for 3¢ NJe® Kavy'y St / £ S NBRE 6 & LIS
lagoon levels of interest).Inundated land is mapped for lagoon water levels of 1.8 m, 2.0 m and 2.3 m.
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FigureB-5: Extent of Inundated land from Waituna Creek and of the backwater effect from Waituna

[ F322y T2 NkaCOBnENegdtated dhundated land is mapped for lagoon water levels of 1.0 m,
1.5 m, 2.0 m and 2.5 nThe red lines plot the maximum extent of the backwater effect at lagoon water levels
Fa Fyy2idl SR 2y ndRHanneMegettted { OB E INA 2 Y & lvegetatetingaia 6 A G K
channel.
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FigureB6: 9EGSY(d 2F LydzyRFEGSR 1 yR T X I2ylyASi dzyxlS 3/SNiB §i1S R%E 2
lagoon levels of interest).Inundated land is mapped for lagoon water levels of 1.8 m, 2.0 m and 2.3 m.
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FigureB-7:  Extent of Inundated land from Waituna Creek and of the backwater effect from Waituna
[ F322y T2 N3Chddseldégdtatest. Iduadated land is mapped fdagoon water levels of 1.0 .5
m, 2.0 m and 2.5 mThe red lines plot the maximum extent of the backwater effect at lagoon water levels as

annotated on the lineg{ O Sy | dBhAnnalvegetated Y2 RSt a { K Bightow with@wegetitgdi A f S
main channel.
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FigureB8: 9EGSY(d 2F LydzyRIFEGSR £ YR TolNBKY Y2y Sl dzyS 3 §GNBISS|R £F 20N
lagoon levels of interest).Inundated land is mappeidr lagoon water levels of 1.8 m, 2.0 m and 2.3 m.
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Appendix C Moffat Creekmundation extentmaps
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FigureG1l: Extent of Inundated land from Moffat Creek and of the backwater effect from Waituna Lagoon

F2N a0Sed Kk § y&¥  IndnSatedNBnR is tapped for lagoon water levels of 0.5 m, 1.0 m, 1.5

m, 2.0 m and 2.5 m. The red lines plot the maximextent of the backwater effect at lagoon water levels as
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FigureG2: Extent of Inundat&R
lagoon levels of interest).Inundated land is mapped for lagoon water levels of 1.8 m, 2.0 m and 2.3 m.
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FigureG3: Extent of Inundated land from Moffat Creek and of the backwater effect from Waituna Lagoon
F2NJ & 0S IKMW Sd v IndinSatedBnR is happed for lagoon water léssef 0.5 m, 1.0 m, 1.5 m,
2.0 mand 2.5 m. The red lines plot the maximum extent of the backwater effect at lagoon water levels as
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levels of interest). Inundated land is mapped for lagoon water levels of 0.5 m, 1.8.0nm and 2.3 m.
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