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Executive summary

In collaboraion with the community and stakeholders, Otago Regional Council (ORC) has established
water quality objectives for the regiorin the case of Lake Hayes, persistently poor water quality

to development of d.ake Management stratedy 1995 with the objective ofd X A YLINE @Ay 3 (G KS
water quality of Lake Hayes, to achieve a standard suitable for contact recreation year round and to
LINE@GSYy G FdzNIKSNI Ff3IFf of22vaté

Subsequent investigations have identified several potential management actions, including reduction
of nutrient inflow load, enhanced flushing of the lake using water sourced from the Arrow River
(including a scenario involving hypolimnetic withdrawaladl water), artificial aeration, and

chemical dosing. Model predictions have indicated that catchment load reduction was central to
achieving positive lake water quality outcomes.

In this report, we have estimated loads of key contaminants (nitrogeospiorus and suspended
sediment) entering Lake Hayes over the perioddbichdata exist. Data exist for:

A the Mill Creek at Fish Trap site (continuous discharge, and water quality data derived
from flow-related event sampling, as well as routine grab phas)

A theinflow to the lake (Mill Creek at Lake Hayes sitgab sampleicludingevent
related samplesas well as water quality surrogate measurements withrhidity
sensor, and a nitrate sensor

A Mill Creek aHunter Roadwhich representgontamiant loads entering the upper
Mill Creek catchmentand which has eontinuous turbidity sensor as well.

In additionto our datg ORQascollected a set of water quality samplEem sites located across the
catchment in aseries oicomprehensive water quality surveys (henceforth referred tgyasptic
surveys.

Stream contaminant loads were estimataging several methodss follows:

A By relating measured concentration sampleslischarge estimates, and using
calibrated models to predict stream flow concentrations, and contaminant loads at
daily, monthly and annual intervals.

A /ItAONIGSR aidriAradaolrt Y2RSta ¢gSNBE RS@OSt 2L
regressioHitting techniqgueandin Python using an opesource regression modelling
library (the Least Squares Optimisation tool).

A Using the LOADEST software modelling tool developed by the USGS. The modelling

G22f aStSOGSR GKS @06 Sa Gbbilt prodelsed bast®oNJ (i KS  LJdzN
several statistical criteria.

A Multiple load estimationtechniques were applied to water quality data derived from
routine grab samples, evemelated grab samples, and surrogate data (which
represented suspended sediment and nitrdtg

Data exist for total phosphorus (TP), dissolved reactive phosphate (DRP), nitrate plus nitrite N (NNN),
total suspended sediment (TSS), as well as two surrogates: AMrateasured continuously using
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an optical sensor), and turbidity (a measure of watiudiness, which can hesed as a surrogate for
TSS concentration and visual clgrity

Long term contaminant load estimates
Key results derived from the Mill Creek at Fish Trap site include:

A a 20% reduction in the 1994 TP load has been achieved sinéed@®annual loads
have been less than a third of the 1994 values consistently since 2002.

A The annual TP load wa9t in 1994, and the annual average load over the three year
period 2018202 was 0.6 t (a 79% decrease).

A The decrease in TP load estimaitver time is primarily related to rainfall and runoff.
The period 1994000 was characterised by having five of the seven largest annual
discharge estimates measured between 1984 and 202tereas more recently
NIFAYFEEE KIFa ofhéighg terth Ndgioda G & LIA Ol f ¢

A When the estimated TP load data were separated inte2083 and post 2003 groups,
seasonapatternsin the magnitude of TP load were similar between the two periods,
but loadswere considerably lower in all months during the p@603 perod. When
estimated over the two periods, the median TP load/month decreased approximately
50%, from approximately 73 kg TP/month in 19802, to approximately 36 kg
TP/month in the period 2063021. During 2020, the estimated TP load varied from
approxmately 20 t TP in May to a maximum of 177 t TP in August.

A For NNN, annual loads decreased from more than 10 t/year in 1994 to an average of
approximately 5 t/year over the period 20282 (a decrease of 51%).

The estimated NNN load at the Fish Trap kie a strong seasonpattern, with a minimum in
February and a maximum in spring. For the (#2812 periodthe maximum monthly load occurred
in September. In 2020, the minimum estimated montkiNNIoad (280 kg) occurred in June, and
the maximum estimed NNNload was observed in September (738 kg).

Predicted TSS loads were more variable in the2@@2 period that other contaminants, and the
magnitude of the estimated load was sensitive to the estimation technique. Using the LOADEST
estimations, pre2002 annual load estimates ranged from 23@etar(1990) through to 2,10Qyear

(1994 and 1995). Post 2002, seasonal loads have been generally lower and more consistent, ranging
from 932 t in 2002 to a low of 120yarin 2017. A strong seasonadtternwas evident in both

periods, but with considerably fewer very high estimates of TSS load in the latter period.

A substantial set of flowelated grab sample§epresenting dissolved and particulate forms of
nitrogen and phosphorugxist for the Mill Geek at Lake Hayes sit&he following annual
contaminant loads were estimatedt this site(Table i)

Table i Annual contaminant loads for the Mill Creek at Lake Hayes site.
Load (kdyear) Load(t/year)
Year
DRP NNN TN TP TSS
2018 29.88 5458.9 6126.5 642.1 3968
2019 89.69 5207.7 8909.7 743.7 4097
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Load (kdyear) Load(t/year)

Year

DRP NNN TN TP TSS
2020 146.01 5683.9 10171.4 1371.3 8501
2021 62.64 5900.2 4128.0 913.4 480.0

Use of surrogate measurements to estimate contaminant loads.

Nitrate-N instantaneous load (fluxgstimates were obtained for the Mill Creek at Lake Hayes site as
the product of concentration derived fromTriOS sensgqmeasured at 15 minute intervalgind
dischargemeasured at the same frequencgnnual loads derived fronihése estimates are compared
with those derived from modelling ifable ii Within the limitations imposed on the LOADEST
method by available calibration data, there is reasonable concordance between these estimates.

Tableii: Comparison of annual load eishates derived from two approaches.
Annual load per estimation method
Year (kg)
TriOSnitrate LOADEST NNN
2019 6951 5126
2020 8023 5841

7 an

{ SOSNIf | LIINRI OKSa 6SNB SELX 2 NB&BISZ I &0 AN YzyiisSS NO {w:
anddaAftt /NBS|T FdG [F1S 1I1eSa¢ aAriSa dzaay3d (dzNDBARA
derived, and model fit was evaluated using several performance metrics. Monthly and annual loads

were derived for both water quality variables at both sit€ghe reliability of these estimates was

influenced by several factors, includirmgnount ofsurrogate measurement record (proportion of

theoretical total amount of data)he extentof extraneous recorde(g.,interference with the optical

method ofmeasurement)the number of grab sampteavailable for calibration of regression models

and thenature of grab sample data available for the Hunter Road(stgularmonthly frequencws.
flow-proportionalsamples, collected during flood events)

Synoptc survey results
We were able to compare the DRP and TP concentrations and fluxesnedas seven sites in the
Lake Hayes catchment at two time periods: 1997, avetthe three year period 201-2020.

Median TP @ncentrations increased at three sitegice 199{McMullan Ck at MalaghalRoad, Mill

Creek at Hunter Road, and at the inflow to Lake Hayexl nedian DRP concentrations increased at

0KS I G3GSN G ¢g@an @anaeBGk 300yhR/E | 8 A (G B S 2 @ SANGtharKitess LISNA 2 Rd
concentrdions remained the same or decreased.

The synoptic survey data collected from 2EA@0 show consistent spatigdatternsin the
magnitude of instantaneous load for several water quality variables:

A Relatively small contaminant loads were evident at allsitethe upper catchment
compared to the loads from the lower catchment

A A stepchange in both concentration and fluk mitrogenous material was evident at
the Hunter Road site, suggesting that nitrogen was entering Mill Creek in runoff or
groundwater fran adjacent land, or from unmonitored tributariegpstream of this
site.
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A A similar step change was evident for DRP and particularly TP, which was accompanied
by a significant step change in median TSS flux. These results indicate that TSS
entering Mill Crek upstream of Hunter Roasllikely to contribute the bulk of the TP
load.

A The DRP and TP flux increases slightly downstream of Hunter Road, suggesting that the
bulk of phosphorus load enters Mill Creek upstream of Hunter Road.

The bulk of nitrogenous metial enters Mill Creek in the reach downstream of Hunter Road (as
indicated by flux estimates)Available informatiorsuggests that the bulk of the nitrogen load is
derived from surface runoff or shallow groundwater that discharges to Mill Creek, and tia
deeper groundwater system that discharges to the laleghe spring.

The results from the synoptic surveys represent both base and event sized diosvshould be used
with caution because they are relatively few

Seasonality of contaminant loads

Estimated loadsdemonstrate a consistent seasonal pattern, with smaller loads in late
summer/autumn, and the bulk of the load transported in late winter/spring period. The bulk of the
contaminant load is therefore transported during hifibw conditions(either during rain events or
during snowmelt). From the data available, it is not possible to differentiate between rainfall or
snowmelt events.

Land use and catchment modelling

Catchment modelling indicates that land use has remairaddtively constant since 1996. The

dominant land cover classes may be considered pasture (ca. 55%), tussock (ca. 18%) and native and
exotic forest (ca. 23%). Collectively, these cover classes currently comprise ca. 95% of the
catchment, with urban landover comprising 5% of the Lake Hayes catchment (an increase from 66

to 242 hectarebetween1996and2018). The spatiaVariationsin nutrient loads predicted by

catchment modelling is consistent withe synoptic survey results

A The bulk of the TP load that subsequem#gched_ake Hayes enters Mill Creek
upstream of the Hunter Road site (56%), an additional 25% in the reach between
Hunter Road and Waterfall Park, and the remaining 19% in the reach between
Waterfall Park and théake.

A TheCLUES®odelpredicts that a smaller proportion of the total TN load enters Mill
Creek upstream of the Hunter Road site (39%), with the balance entering upstream of
Waterfall Park (40%) and the lake inflow (31%).

Mitigation actions

Assessment dand cover, catchment modelling and load estimation indicates that the bulk of N, P
and sediment load enters Mill Creek in the reach downstream of Hunter Road. The bulk of the
contaminant loads enter the stream under elevated flow conditions. Land ¢pves contributing

both N and P are dominated by pasture, and soil P comprises approximately one third of the total P
load at each of the Hunter Road, Waterfall Park and lake inflow reaches.

We recommend that mitigation options identified in earlier inugations be reviewedl'hese
included maintaining and restoring existing wetlands and riparian buffers, constructing sediment
traps along the main stem of Mill Creek to capture total suspended solids and total phosphorus, and
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which may also buffer storrand snowmelt flows establishing @onstructed wetlandlivestock
exclusion (particularly in the upper catchment), and channel restoration in the lower catchment to
slow movement of water and reduce bank erosion. Buffer condition could be improved by re
establishing riparian vegetation

1 LYUGNRRdAzOGAZ2Y

1.1 Background to Lake Hayes and catchment

In collaboration with the community and stakeholders, Otago Regional Council (ORC) has established
water quality objectives for the region. These are described in the Raldgidan: Water (2004). The
regional plan has been through several iterations in response to commuapilyandchanges in

national water resource management approach&urrently, ORC is incorporating the outcomes of a
2018 review of the Water Plan intbLand and Water Regional Plan (LWRP), which is scheduled to be
notified by 31 December 2023n addition to giving effect to recent changes in national policy,
specifically the National Policy Statement for Freshwater Management @020 Zealand

Government 2020a; 2023nd associated National Environmental Stand4edg., New Zealand
Government 2020h)the LWRP provide the legal framework for policy and regulatory tbmls

promote the sustainable management of Otago's water resources. To achieve this, theapla

policies and methods (including rules) to address issues of use, development and protection of
Otago's freshwater resources, including the beds and margins of water ldgélies

Historical monitoring has identified thabme catchmentare subject tgparticular water quality
issues Thided to specific investigations and the development of management ftariadividual
catchmensincluding theLake Hayeand the Mill Creek catchmenivhich is the focus of this report
Lake Hayes was used as a case study in a report prepared for the Ministry for the Environment (MfE)
concerning the impact of land use on freshwatiearnedet al.2018) Stressors to water quality
outlined inLarned et a(2018)include historical deforestatiorthe introduction ofexoticplant and
fish speciesthe introductionand intensificatiorof pastoral farming, land drainagand associated
loss of wetlands, increasingse of fertilisersand discharge ofolod processing waste to Mill Creek.
Land use change across the catchment a@ompanied by increased sediment and nutrient
(particularly phosphorudgvelsin the lake. Cting earlier work Carusq2000)described the Lake
HayeOl G OKYSy 4 | & &l Scaudthy agiidulturdllpisral 2atchntent ik NetvK
Zealand where P is thought to be the primary cause of eutrophicationeolake in the past ®here
have been a series of responses aimed at addressing the deterioration of water qualitydition
in Lake Hayesncluding

A publicationof a Lake Management strategy1995 with the objective oft X A Y LINR2 @A y 3
the water qualiy of Lake Hayes, to achieve a standard suitable for contact recreation
€SI NJ NRBdzyR I yR (2 LINOREIWQLDE #98s) KSNJ | £ 31 of

A preparationoft a[ 1S IFeSa wSail2NI A2y IyR az2yAd?
Hayes In¢Schallenberg and Schallemge2017)

1 https://orc.govt.nz/planspoliciesreports/regionatplansand-policies/water
2 https://orc.govt.nz/planspoliciesreports/regionatplansand-policies/water
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A review of theSchallenberg and Schallenbga§17)reportin 2018for ORC, including a
detailed review of four lake remediation options and recommendati@ibbs 2018)

and
A preparationofi KS NBLRZ2 NI &d{O2LAYy3 2F RAFFdAzaS LRt f d
/| NES1é¢ FT2NICNASYRa 2F [1S 11é&Sa {20AaSi0eéezx

Lakes District Council, Department of Conservat{eoelleret al.2020)
Potential mitigation strategies proposed tmprove lake water quality include

A food web manipulation to reduce the growth and prevalence of nuisance algae
(Schallenberg and Schallenberg 2017),

A chemical dosing of the lake inflow or lake water surface to reduce mobilisation of
phosphorus (P) from lakeediments(Gibbs 2018; Gibbs and Hickey 2018)

A increasedlishing of the lake, using excess irrigation water from the Arrow River to
remove nutrients from the lake water colun{@ibbs 2018; Goldsmith and Hanan
2019)

A preferential withdrawal of nutrient rich waters from theottom of the lake

(hypolimnetic withdrawal{Schallenberg and Schallenberg 2017; Goldsmith and Hanan

2019) and

A artificial degratification of the lake, to keep the lake fully mixed while also increasing
oxygen concentrations in the lake, thereby reducing P release from sediments and
decreasing algal biomagsibbs 2018)

A consistentecommendatiorfrom theseinvestigationsvas that inputs of nutrients to Lake Hayes
from the surrounding catchment should be reduced as part of an overall lake management or
restoration responseGibbs(2018)clearly linked the likely success ofléke restoration actions to

I O 02 Y LI cytéhthefittnariagement strategies reducing the external carbon, nutrient and
suspended solids loads to the lgkep

McBride et a(2019)developeda physicalbiogeochemical model (DYREEMEDYM) for Lake Hayes
that simulated the majom-lake physical antiogeachemical processes. This model was used to
assess thdikely efficacy of four of five of the mitigation straieg listed above: reduction of nutrient
inflow load, enhanced flushing of the lake using water sourced from the Arrow River (including a
scenario involving hypolimnetic withdrawal of lake water), artificial aeration and chemical dosing.
Although all candiate mitigation actions were predicted to have a beneficial impact on lake water
quality, model predictions indicated thatatchment load reduction wasentral to achieving positive
lake water quality outcomes.

To updatetheir understanding of theurrent status of contaminant loading to the Igi@RC
commissioned NIWA to repeat some of the work previously done, using more recent daga and
range ofmethods for load estimationin particular, ORC wished to understand whether one of the
key objecties of thel994 strategy was being achieved, namealgrethe policy, regulatory actions
and mitigation action undertaken by agencies and stakeholders\paneasurable beneficial impast
on lake water quality ashlake condition.
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The strategy made provisidor periodic review ofts effectivenesst five yearly intervals dess

This review would includassessient of changes to the quantity of phosphorus entering Lake Hayes
from the surrounding catchmenthemical composition of the lake and chasg@ake trophic stde.

If algal blooms occurred in the lake af@20% reduction in the total annual phosphorus load to Lake
Hayeswasachieved(relative t01994 figure} and/or inlake phosphorus concentratiomas

consistent with a specifiedvater quality chss ORGvould (in consultation with the community)
consideradditional mitigation strategies, includirtige in-lake treatment methoddisted above

12 wSLI2 NI a0z LJsS

NIWAwas commissioned toharacterise contaminant concentratioasdlongterm changes in
those concentrationsandto quantify contaminart loadsat multiple pointsin the Lake Hayes
catchmert, using existing dataThe contaminants of interest are total phosphorus (TP), disdolve
reactive phosphorus (DRmjtrate+nitrite-N (NNN)total N (TN), and total suspended solids (TSS).

Subiject to limitations of available datgegific taskagreed with OR@cluded:

A. Assessment of the use of continuous monitoring data when estimatingd\Pdoads,
including:

I correlating continuous turbidity records (Fighap and Hunter Road sites) to
estimated loads of contaminants

I useof proxymetricssuch as turbidity to estimate the difference in loads between
the upstream and downstream sites (wleetontinuous sensors are deployed), for
TSS, TN and TWhere a substantial proportion of the contaminant load is
associated with particulate material

1 correlating theNNN load derived from the continuous nitrate sensor record (at
the FishTrap site) withthe load estimated using conventional regression
techniques.

B. Comparson ofestimated loads derived from continuous data against those estimated
from:

T grab samples and continuous stream flow records (using regression modelling)
that provide concentratiorvsdischarge relationships, and

T grab samples and gauged flows obtained at the time of sampling (as undertaken
by Caruso in 1999).

C. (nharacterisng contaminant loads entering the lake under specific conditions, such as:

T W.St2¢ YSRAIFIYQ YR WKAIKSNI Ft26Q O2yRAGA
proportion of annual load entering the lake under these and other conditions,
such as seasonally).

I Using thisnformation to better understand when (and under which conditions)
the majority of the P, N and suspended sediment load enter the lake, and using
this information to identify mitigation actions thabuld reduce contaminant

inputs to the lake.
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D. Determiningthe likely source and magnitude of nutrient load from the catchment, i.e.,
apportion the total inflow load to identifiable sutatchment reaches.

E. Compae contemporary P loads with those estimated for 1994, to assess whether the
20% reduction in P loadings the lake has been achievedn objective of the Lake
Hayes Management Strate@RC and QLDC 1995)

I Options for estimating contaminant load&ould be explored, and where possible,
time-series of loadslerived from these models would hesed to compare loads
estimated at annual, seasonal or over other periods of time.

1 BEnsure that sensitivity ofbad estimation to hydrolgical conditionsand annual
rainfallwasrecognised in load estimation process

F. Usethe Catchment Land Use for Environmental Sustainab{litffESnodelto assess
land use impacts antthe effects ofland use change cannualTN and Thbads.

It should ke noted thatthe dataused in the above tasks wedzd SR & | At @S RADS R €
expectation or allowance for undertaking data quality assurance or removal or editing of data that
might be considered of poor quality or questionable. These aspectsaatieularly important with

regard to data derived from high frequency water quality sensors, which provide surrogate estimates
of specific water quality variables.

1.3 Report structure

Section 2 overviews the methodology followed to estimate and modetaminant loadandgives a

brief description of the catchment, land uses and historical and contemporary water quality
monitoring. Additional details of specific methods and processes applied in the assessment are also
summarised irthe gopendices.

Section3 summarissthe outcomes from CLUES modelling, historical and contemporary hydrology
and the results frontomprehensive water quality surveyeferred to here as synoptic surveykhis

term was used by Carug@000; 2001}o descrile a series of samples collected from multiple

locations with the Mill Creek/Lake Hayes catchment within a short time period (i.e., all sites sampled
on the same day)Section 3 also presentse resultsderived from several load estimation

approaches

Setion 4 discusseshe results from thedifferent load assessment techniquesnd seasonal
characteristics of contaminant loads

Sectionb evaluates the results of thigork against the requirements identified 8ectionl.2.
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2 aSi®K2R

2.1 Cathment description

TheHayesCreek catchmenis coversapproximately50 km? northeast of QueenstownHayes Creek
is a tributary of the Kawarau Rivemnd incorporates Lakdayes and the principal inflow to Lake
HayesMill Creek There is also perennid spring inflow to Lake Hayeshich discharges
groundwaternear to the northwesshoreline of thdake

Lake Hayes is believed to have been formed following separation from the ancestral Lake Wakatipu
by outwash from the Shotover River. The catchnitmasteep to moderately steep mountasiopes

to the north, rising to Coronet Peakhe highest point1600m). The Lakdies within a floodplain that
comprisedans and terracewith moderately steep rolling hills around the perimeters of the
catchment shownin Figure2-1.

fadie v
Coronet'Peak

Macetown

‘a Wharehuanui

Dalefield LakeiHayes

Art(hurs Poivm,\‘

Figure2-1: Lake HayedaMill Creekinflow and Hayes Creeflischarge to the Kawerau River to the sdut
The surface water drainage network is detailedrigure2-2.

The originahative tussockegetation in the catchment has beeeplacedon the lowlandsy
pasture and cropswith svard grass predominaigon the poorer soils in the valley and on the low
altitude steep facesThe major land use classes are farming (46 %) and tussock (19%i. ldurih
use accounts for around 3% of the catchment af@snge in land use since the mid90s is
discussed in Sectichl
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2.2 CLUES modelling

The Catchment Lands for Environmental Sustainability mod€LUES: Ellictt al. 2016)is a
steadystate model that brings together three existing freshwater quality models and anatgeo
database consisting of publicly available spatial data within a geographic information system
(ArcMap) to predict water quality dhe catchmentscale. CLUES incorporates customised versions of
SPARROV\Elliotet al.2005; Schwaret al.2006) OVERSEEWheeleret al.2014; latest release

version 6.3, 2018)nd the Soil Plant Atmosphere System Md&ASMO; Rosehal.2004) The
current version of CLUES has been calibrated natio(@dynadenDavieset al.2019; Semadeni

Davieset al.2020)

Catchment modelling was undertaken using the River Environment Classifi@E@) Snelder and
Biggs 2002; Sneldet al.2010)version 2.Xdigital stream network. In this network, the catchment
consists of 105 river segmerttsat have a combined length of 75 km. Lake Hayes covers an area of
2.74 knt. CLUES is semwistributed with the smallest spatial unit being the REC reach sub
catchment. Spatial datare lumped within each subcatchment.

Land uséis represented by the proption of each sukltatchment covered by each of 19 land use
classes and water (or diffuse sources) within the model, while the other spatial data (e.g., slope, soil
drainage and climate) are represented by the spatially weighted average for theastmentarea.

The baseline land use data in CLUES has the reference year 2018 and was deritieel Mlamaaki
WhenualLandcare Research Land Cover Datab4e CDB5) and the AsureQuality Agribase
agricultural databaselLand use classes within the catchment are given in Seg8tibh

The CLUES load calculation metiinas been described Iilliott et al. (2005)andElliott et al. (2016)

In brief, contaminant loads from diffuse sources (i.e., land use classes) are calculated for each reach
sub-catchment as the product of the source area and associated sgiglte The phosphorus load
includessoil erosion aan additional sourceThe generated load is then reduced by a catchment
attenuationfactor that isa function of soil drainage classndthe mean annual rainfall and

temperature for each subcatchmenWhere there are known point sources, these are added to the
delivered load (there are no known point sources in the Lake Hayes catchn@emd delivered to

the stream network, the total loads for each contaminant are routed downstream such that the
instream load for a reach is the total of the upstream load and the reach lessl stream

attenuation (modelled as a function of stream length and estimated mean annual flow) and reservoir
losses (modelled as a function of lake volume and estimated overétes)

2.3 Water quality monitoring

There arenine streammonitoring sitesand one lake monitoring sitie the Lake Hayesatchment
(Table 21, Figure ). Three of the stream monitoringsites,Hayes Creek at Lake Hayes Estatde
Hayes Spring at LaktayesandMill Creek at Fish Trapre located in the same REC stream
subcatchment. With the exception bffayes Creek at Lake Hayes Estalleof thestreamsites are
located upstream of Lake Hayes.

Although turbidity is essentially a measure of the dimess of water, turbidity may be used as a
surrogate of total suspended solids concentration on a-sjgecific basis by developing a relationship
between turbidity and suspended sediments.

3 Here land use refers to a specific enterprise divity type (e.g., sheep and beef farminghile land cover refers to classes of land use
(e.g., pasture, wooded)
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Continuous or high frequency water quality data were providgddénsors deployed at specific sites.
A TriOShyperspectral sensor was deployed at the Mill Creek at Lake Haye$hstdriOS is a
spectroscopisensorthat utilises strong absorbance bytrnate-N of lightin the UV region of the
electromagnetic spectim, with peak absorbance at 220 nio provide surrogate estimates of
nitrate N concentratios. Further information and guidance regarding the use of high frequency
sensors was provided in a review undertaken for regional councils by {Hwison and Baddock

2019)

Table2-1:

Monitoring sites in the Hayes Creek catchment ordered from upstreantdtwnstream.The

location of site numbers are shown ligure2-2. Synoptic=sites used fospatial surveys. Continuoussites
where high frequency water qualityemisors are deployed. Discharge = continuous flomitoring.

Site name Site REC Upstream Monitoring purpose
no. segment catchment
area (ha)

Dan O'Connell Creek at Coronet 1 14218389 620 Synoptic

Station 300m Upstream

Dan O'Connell Creek @pronet 2 14218146 328 Synoptic

Station

Station Creek at Coronet Station 3 14217895 342 Synoptic

McMullan Creek at Malaghans Roac 4 14217446 313 Synoptic

Mill Creek at Hunter Road 5 14218014 2143 Routine grab samples,
Ewent samples,
Continuoudischarge
continuousturbidity measurement

Mill Creek at Waterfall Park 6 14217470 3062 Synoptic

Mill Creek at Fish Trap 8 14218737 4144 Routine grab samples
Discharge

Mill Creek at Lake Hayes 7 14218737 4144 Routine grab samples
Eventsamples,
Continuouswvater quality
measurements nitrate-N and
turbidity

Lake Hayes Spring at Lake Hayes 9 14218737 4144 Synoptic

Lake Hayes Routine grab samples

Hayes Creek at Lake Hayes Estate 10 14220755 4890 Routine grab samples

4 http://www.TriOS.de/en/products/sensors.html
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[ ] 1. Dan O'Connell Creek at Coronet Station 300m Upstream
[ ] 2. Dan O'Connell Creek at Coronet Station

:] 3. Station Creek at Coronet Station

I:l 4, McMullan Creek at Malaghans Road

] 5. Mill Creek at Hunter Road

[ ] 6. Mill Creek at Waterfall Park

7-9. Lake Hayes Spring at Lake Hayes
|| Mill Creek at Lake Hayes
Mill Creek at Fish Trap

10. Hayes Creek at Lake Hayes Estate .
D nay =y 0 05 1 2 Kilometres
Delivered to Kawarau River ]

Figure2-2:  Monitoring site locations within the Hayes Creek catchmentleadwater streams (first order)
are not shown.

2.4 Grab sample and dischargealysis

Discrete watersamples wereollected manuallandby automatic sampler ® Fff NS GSNXYSI
Al YLX S&d¢ 2NJ daNXo &l YLX S&d¢X IyR 6SNB adzoYAOGGSR
analysis

Sreamflow and concentration datarere merged usingate/time valuesand lookup functions in
Excel or Pythoto align data from different filed~oreventrelated water quality samples collected
using automatic samplers, it waemetimesnecessary to adjust the time of sample collection to the
nearest time of discharge meagement. The extent of these adjustments were limited£&0

minutes maximum. In most cases, adjustments were made within a winde® minutes. We
checked for missing values and outliers in the data usingthphical analysis and statistical
methods. Recordawith missingdischarge valuewere patched using interpolation. Negativalues

in surrogate time serieszcords were omitted fronthe assessment

Annual discharge from 1983 to 2022 wiesivedfrom streamflow data collectely ORGat the

gaugng stationlocatedat the Fish Tragite. Discharge was recorded at 15 minute intervals and was
aggregated to hourly or daily average flows as requifeidcharge values were summed for each
year to calculate total annual discharge in cubic reefior that year.
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2.5 Estimation ocontaminant loads

A reviewof methods for contaminant load estimation is given in Appendix A. We sigzed
approachesn this study each chosen to best suit tleailabledata

For sites and time periods when infrequent concentration and discharge estimates exist,
instantaneous loads or flux estimategnass/unit of time) were obtained as the product

of concentration and discharge at the time of sampling, adjusting units as eeluirhis

I LILINBF OK gl a dzaS¥Fdz ¢KSy SadAyYl dAay3Jask yR
described by Carug@000; 2001)

Instantaneous estimatesere alsomade forsites where more extensive discharge or
grab sample concentration measurements existed. These estimeagesunaffected by
errors and uncertainties arising frogtatistical or procesdasedmodek. However,
instantaneous estimatesre still subject to errors arising from sample collection and
handling, laboratory test methods, as well as discharge measurements.

Application ofrating table regression methodfor several sites for which continuous
discharge and moderately frequent grab sample concentration data existed.

Application of regression methodsing the LOAD ESTima(b©ADESTyol (Runkelet
al. 2004; Gaeet al.2021}, ¢, for the siteswhere bothcontinuous discharge and
moderately frequent grab sample concentration data exist

Where nitrateN was continuously estimated using a TriOS hyperspectral serisate-

N load was estimated as the product of the TriOS estimate and discharge at the time
measurement, summed over the desired time period. These estimates were compared
with estimates derivedrom grab samples, as well as from the LOADEST model.

Appliation of rating table regression methods for several sites for which continuous
discharge and moderately frequent grab sample concentration data exissadell

where the concentration obne or morewater quality variable or surrogatgere
measured at lgh frequency, typically at the timestep of discharge measurement. The
TriOS nitrate sensor provided estimata nitrate-N concentrations at thdill Creek at
Lake Hayes sitand turbidity was measured at both the Mill Creek at Lake Hayes, and
Mill Creekat Hunter Road sites.

The method used to estimatdoadsfor the differentcontaminants are described in more detail in
the followingsectiors. These apply specifically to fitted concentration vs. discharge regression
methods, and methods that use surrogates to estimate TP or TSS loads, or continuous\hitrate
measurements

The data fothree sites (Mill Creek at Fish Trap, Mill Creek at Lalye$land Mill Creek at Hunter
Road)were sufficient for estimatingontaminant loadsisingmultiple approachegor comparison

Estimated contaminant loads were typically expressed as kg/d, kg/month or tonnes/year.

5 https://github.com/USGSR/rloadest- LOADEST implemented in the R modelling framework.

¢

61n the Aqualinc (2014) report, NZ researchers mentioned use of LOMDESTOK ¢+ & Ay O2NNBOGf & yI YSR da[ 24554
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3.1 Historical nutrient inputs td.ake Hayes

Carusq2000; 200) publisheda detailed assessment of tlmagnitude andsources éphosphorus in

the Lake Hayes catchmenbDuring 1997, grab samples were collected from six sites across the lake
catchment. The location of these sites is showRigure2-2, and the results of the 1997 sampling
programme are summarised Table3-1.

/ I NdzndySaf data collectedat sites inthe Mill Creekcatchmentduring 1997evealed a strong
correlation betweerhydrologicakevents andlPconcentrationsbut no clear seasonal fgiernsin the
magnitudeof TPconcentrations. Af site representing the inflow tbake Hayede apportioned the
annual load off Pentering the lake tdaseflow(47%9, snowmelt (30%), and a single-Réur long
flood event (23%). Spatial analysis of tladadsuggested that the lower half of the catchment
delivered 72% of the total annual total P load to the lé&aruso 2000)

Caruso also ass&=d the sources dfPconcentrations and fluxes through the Mill Creek catchment,
andsuggested that a substantial proportion of tfE in Mill Creek (and therefore of P entering the

lake) originated from a relatively small saatchment in the upper catthSy i OF t t SR h Q/ 2y y
Creek, and from the lower catchment (Caruso 2001). After analysing critical source areas he

O2y Of dzZRSR (KIG GiKS O2YoAyl A2y 2F AyidSyaiae 27
erosion and location in the worst subareaswaighed the fact that the worst farms [were farthest]

FNRY ( KC&rusb 20D1$ ¢

Table3-1: Summary of TP and DRP concentration statistics, Mill Creek catchment, 20i@dlian values
highlighted. From Table 2 of Caruso (2000).

Sample location, number of samples and concentration statis{icsncentrations in mg/L)

Variable Statistic
U/S O'Connell O'Connell  Station ~ McMullan Hunter Fish Trap Hayes

n 7 6 6 7 14 15 6
Mean 0.051 0.061 0.011 0.017 0.03 0.065 0.041
TP Median 0.036 0.064 0.009 0.014 0.03 0.026 0.047
Minimum 0.015 0.015 0.005 0.009 0.012 0.013 0.01
Maximum 0.18 0.098 0.018 0.035 0.047 0.614 0.056
n 7 6 6 7 14 14 6
Mean 0.006 0.009 0.003 0.005 0.004 0.007 0.012
DRP Median 0.004 0.007 0.003 0.005 0.004 0.004 0.01
Minimum 0.002 0.002 0.001 0.002 0.002 0.001 0.001
Maximum 0.02 0.017 0.004 0.009 0.008 0.042 0.026

Whenproviding advice to local authorities and the community about where wetlands and other
potential mitigation devices could be sited in the Lake Hayes catchment, Goell¢2e2a)

estimated annual contaminant yields at the Fish Trap site for the period 1988 to 2019 (inclusive).
They also used data derived from samples collected at theessites sampled by Caruso in 1997 to
characterise stream loads for several water quality variable3.alite3-2 we compare TP load
estimates from Goeller et al (20) with those of Caruso (2000). The load estimates reported by
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Caruso should be regarded as indicatiubey were derived from single grab samples and flow
measured at each site on the sample day. Despite limited data, the 1997 and 2019 data sats indic
consistent spatial pattern of TP loagi®latively small in the upper catchment (with the exception of
hQ/ 2yyStft / NBS{Z ARSYGATASR Fa I YIF22N) a2 dz2NDOS
half of the catchment.

Table3-2:  Comparison of TP load estimates, 1997 vs 20Results from 1997 derived from single

sample and flow gauged at the time of samplf@gruso 2000) Results from 2019 derived from 8 or

10 samples, with exception of the Hunter Road site (4 samples). Results from 2019 from Goeller et al
(2020).

TP load
Sampling location Schat(T(I:n“;)em area (g/d)

1997 2019
Dan @Zonnell Creek at Coronet Station 30Qpstrearnr 17 18 20
Dan @Zonnell Creek at Coronet Station 56 40 130
Station Creek at Coronet Station 1.0 14 20
McMullan Creek at Malaghans Road 37 53 170
Mill Creek at Hunter Road 18.24 134 930
Mill Creek at Fish Trap 48.7 474 660

3.2 (QLUES modelling

3.2.1 Land use representativity

Figure3-1 shows the percentageoverof the CLUE®Nd use classdn the subcatchmentupstream
of eachstreammonitoring site. Note that for clarity, wooded land uses have been aggregated into a
single group and minor land uses, such as crops, have also been grouped.

100%

90%

80%

70%

60%

50%

40%

30%

20%
- -
0%

1 Dan O'Connell 2 Dan O'Connell 3 Station Creek at 4 McMullan Creek 5 Mill Creek at 6 Mill Creek at 7 Mill Creek at 10 Hayes Creekat Total catchment
Creek at Coronet Creek at Coronet  Coronet Station at Malaghans Road  Hunter Road Waterfall Park Lake Hayes Lake Hayes Estate area
Station 300m Station Mill Creek at Fish
Upstream Trap
Lake Hayes Spring
at Lake Hayes

W SB lowland @SB hill and high country @ Deer and other stock  OTussock @Wooded OUrban  OAll other land covers

Figure3-1: Percentage area of CLUES land use classes upstream of each monitoring site for the baseline
year of 2018. Note that hill and high country sheep and bé8B) forest and scrub (wooded) and minor land
use classes (other) have been grouped in the chart. The sites are numbered with referéigeré2-2 and
Table2-1.
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Table3-3 gives the total ad percentage area for each of the LCDB land cciasss in theLake
Hayescatchment and Figure3-2 shows the changsin land cover aggregated into broad classes.
There has been very little change in land cover between 1996 for all landatasse except urban
land, which more than trebled in area between 1996 (66 ha) and 2018 (242 ha). However, this
represents a relatively minor increase in the percentage of the total catchment area covered by
urban land(from about 1% to 5% Around half of the current urban areansists of parks and open
space, and the urban land cover also includes the Coronet Peak Ski field anfergtiearparks)

For all time periods, just over half the catchment area is covered by pasture (high and low producing
grassland, 568%), 1819% by tussock and 23% by forest (exotic and native) and scrub for all the
reference years. The remaining land cover includes Lake Hayes,ainfand used focrops and
horticulture. The location of the different land cover classes is shown for LEGBBfoire3-3.

Given the limited change in land use over the past two decadesT@ge3-3 and Figure3-2), we did
not create an historic land use scenario under the assumption that all else being equal, changes in
loads delivered toLake Hges andhe Kawarau River would be minor.

Table3-3:  Land cover area (ha) from Land Cover Database recdrtis. proportion of total catchment area
for each land cover class is given in parentheSzsurcehttps:/Iris.scinfo.org.nz/layer/104400cdb-v50-land

coverdatabaseversion50-mainlandnew-zealand/

Lard coverclass

Land cover area (ha) and proportion of total catchment area (%)

LCDB5 2018 LCDB4 2012 LCDB32008 LCDB22001 LCDB1 1996

Deciduous Hardwoods 131.4 2% 150.8 (3% 150.8 (3% 153 (3% 153 (3%
Exotic Forest 241.6 (5% 222.4 (4% 211.8(4%) 194.6 (4% 167.9 (3%
Forestg Harvested 9.5 (0% 0 (0% 0 (0% 5.2 (0% 0 (0%
Gorse and/or Broom 6.2 (0% 6.2 (0% 5.3 (0% 5.3 (0% 5.3 (0%
Herbaceous Freshwater Vegetati 2.1 (0% 2.1 (0% 2.1 (0% 2.1 (0% 2.1 (0%
High Producingxotic Grassland 2207 (42% 2222.4 (44% 2283.5(45% 2356.2 (46% 2367.8 (47%
Indigenous Forest 29.5 (1% 29.5 (1% 29.5 (1% 29.5 (1% 34.8 (1%
Lake or Pond 296.7 (6% 296.7 (6% 295.7 (6% 295 (6% 293.3 (6%
Low Producing Grassland 553.1(10%; 553.1 (11% 553.8 (11% 551.1 (11% 551.1 (11%
Manuka and/or Kanuka 9.1 (0% 9.1 (0% 9.1 (0% 9.1 (0% 9.1 (0%
Matagouri or Grey Scrub 8.3 (0% 8.3 (0% 8.3 (0% 8.3 (0% 8.3 (0%
Mixed Exotic Shrubland 335.6 (6% 361.9 (7% 373.4 (7% 373.4 (7% 373.4 (7%
Orchard, Vineyard or Other 16.9 (0% 16.9 (0% 16.9 (0% 16.9 (0% 5.6 (0%
Perennial Crop

River 4.9 (0% 4.9 (0% 4.9 (0% 4.9 (0% 4.9 (0%
Shortrotation Cropland 58.2 (1% 58.2 (1% 58.2 (1% 58.2 (1% 69.5 (1%
TallTussock Grassland 922.2 (17% 924.6 (18% 925.6 (18% 942.8 (19% 962 (19%
Builtup Area (settlement) 117.9 (2% 102.4 (2% 96.6 (2% 19.8 (0% 17.5 (0%
Urban Parkland/Open Space 124.1 (2% 104.8 (2% 48.9 (1% 48.9 (1% 48.9 (1%
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Figure3-2:  Proportion of land cover by broad class in each assessment periS8aurce
https://Iris.scinfo.org.nz/layer/104400cdb-v50-land-coverdatabaseversion50-mainlandnew-zealand/
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Figure3-3: Map showing distribution of broad land cover classes across the Hayes Creek at Hayes Estate
site for the reference year 2018Source: LCDB5. The monitoring site catchment areashangn for
reference.

3.2.2 Nutrient load estimation

CLUES was used to estimate the mean annual laadareaspecificyieldsof TN and TP for the
reference year 2018The loads and yields estimated for the monitoring sites are givéalie3-4

and the load estimated by land use is plotted-igure3-4 for TN andrigure3-5 for TP. The highest
nutrient loadsfrom diffuse sources come from pastoral land uses, however, the predicted TP loads
from soilerosionare alsohigh. This source is estimated in CEWAsed on sediment loads modelled
by the New Zealand Sediment Yield Estimélttickset al. 2018)

There is a substantial decrease in the magnitudéNfand TRbadsdownstream of Lake Hayeélsie
to attenuation (e.g., séiment deposition) in the lakéTable 34).
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Table3-4:  Mean annual total nitrogen (TN) and total phosphor§$P)loads and specific yields as
determined by CLUES

TN TP
Load Specific Load Specific
Site ) (t/IZIrilg/y) ) (t/z:ﬁlg/y)
McMullan Creek at Malaghans Road 0.67 0.21 0.15 0.05
Station Creek at Coronet Station 0.62 0.18 0.17 0.05
Dan O'Connell Creek at Coronet Station 0.42 0.13 0.18 0.06
Dan O'Connell Creek at Cororgtation 300m 1.93 0.31 0.24 0.04
Upstream
Mill Creek at Hunter Road 6.22 0.29 0.98 0.05
Mill Creek at Waterfall Park 11.08 0.36 1.42 0.05
Delivered to lake* 16.13 0.39 1.76 0.04
Hayes Creek at Lake Hayes Estate 7.76 0.16 0.31 0.01
Delivered tokawarau River 8.81 0.17 0.41 0.01

*Mill Creek at Lake Haygddill Creek at Fish Trahake Hayes Spring at Lake Hayes

Delivered to Kawarau River
Hayes Creek at Lake Hayes Estate
Mill Creek at Lake Hayes...
Mill Creek at Waterfall Park
Mill Creek at Hunter Road
Dan O'Connell Creek at Coronet Station 300m Upstream
Dan O'Connell Creek at Coronet Station

Station Creek at Coronet Station

McMullan Creek at Malaghans Road

6 8 10 12 14 16 18
Mean annual load (t/y)

[=]
o]
=

@ Pasture M@ Forestand Scrub  OHort and crops M@Urban  @Other

Figure3-4: Estimated mean annual TN loadsibdivided by land uséor each monitoring site and for the
whole Lake Hayesatchment.
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Figure3-5: Estimated mean annual TP loads subdivided by land use for each monitoring site and for the
whole Lake Hayes catchment.

3.3 Instantaneous and cumulative dischargéVill Creek at Fish Trap site

The range of discharge values observed in each calendaayéae Fish Trap gauging statien
shown in Figure-8 (A) AlthoughFigure3-6 (A)does notsuggest a strong trend in discharge over
time, mean hourly discharge was elevated in 1994 and 2BigQire3-6 (B) indicatesa moderate
seasonal patten in discharge generally consistent with a previous assesgiaemso 2000)Annual
discharge Figure3-7) confirms that discharge in 1994 was unusually high, and the period 1994 to
2010 had five of the six largest annual discharges for theeaBperiod of data shown.

Howsat the Fish Trap sitexceedd 228 L/s95% of the timeand300 L/s75% of the time.Stream
discharge summary statistics and a flow duration curve are providagpendix Gor the entire
record.

The distribution of flows observed selected yearare summarised ifrigure3-8. Thesedistributions
were used when comparing thennual TRnass load during selected assessment periods
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Figure3-7: Total annual dischargat Fish Tragsite between 1984 and 2021
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Figure3-8: Annual hourly discharge data for Mill Creek at Fish Trapdelected years Dottedlines
indicsate longterm 10" percentile (253 L/s), median (285 L/s) and' p&rcentile (501 L/s) valuesSee Figure
3-6 for explanation of box plot component®ed dofsindicate annual average valsie

3.4 Spot flow gauging

Table3-5 showsselectedsummary statistics of thmeasuredflow rates fornine different sites,
wherespotflow gaugingwere carried outStatistics derived from the loAgrm flow record at the

Fish Trap site are includeds a omparison with the spot gauging values for this site suggest that the
synoptc surveys undertaken during 2017/18 represented slightly higher than typical discharge
conditions, which is consistent with data presentedrigure3-7 and 3.8

3.5 Synoptic survey results

Thesynoptic surveyesults were derived from samplimgns in 1997 DRP and TP onjyend
additional sampling runat the same locations in the period 202820(NNN, TN, DRP, TP, TSS)
Details about sample numbers collected ie flour assessment periods areAppendix Dand E

These synoptic surveys provitlan indication of changan DRP and TP concentrations across th

Mill Creek catchment over time. Relatively few data are available for the 1997 period, whish limit

our ability to detect and be certain about possible changes in water quality iatgear. Table3-6
AYRAOFG8a GKIG YSRAFY 5wt O2yOSydN}dA2ya KI @S
and at the Hunter Road site in moitchment.Median and mean TP concentrations have also

increased at thedunter Road site over time, as indicatedliable3-7.

The data from th2018-2020syntic surveys were used falot distributionsof contaminant
concentrations and fluxes at each stream monitoring @tig. 39). These plots indicate that TN and
NNN concentrations and fluxes were elevated at the Mill Creek sites relative sitdésefurher up
the catchmentthen decrease downstream of Lake Hayes. TSS concentrations and fluxes also
decreased downstream of Lake Hayes.
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Table3-5: Summary statistics derived fromdw gaugingresults. Site numbes are as shown iRigure2-2.
Values for Mill Creek at Lake Hayes include conditions during event sample collection

Flow statistic (L/s)

Site no. Site Name
25" percentile Median 750 percentile
1 DanO'Connell Creek at Coronet Station 47 59.5 76
2 Dan O'Connell Creek at Coronet Station 300m
Upstream 12 195 22
3 Station Creek at Coronet Station 28 40 53
4 McMullan Creek at Malaghans Road 64 75.5 104
5 Mill Creek at Hunter Road 207 237 342
6 Mill Creek at Waterfall Park 377 425 580
Mill Creek at Fish Trap 336 400 496
8 Mill Creek at Fish Traplong term record 298 376.5 501.4
Mill Creek at Lake Hayes (includes event samj 859 1001 1165
7 Lake Hayes Spring at Lake Hayes 31 37 40
10 Hayes Creek at Lake Hayes Estate 467 533 619

Table3-6: Median DRP concerdtionsat synoptic survey sites over timeSite locations are shown in
Figure2-2. Change in concentration relative to 1997 is indicated by cellesha@reendecrease orange:
increase unshaded no change.

) DRP concentration per assessment period (mg/L)
Site name
1997 2018 2019 2020

DanOC Ck 300 m u/s 0.004 0.002 0.003 0.006
Dan OC Ck at C. Station 0.007 0.002 0.003 0.007
Station Ck at Coronet 0.003 0.001 0.001 0.002
McMullan Ck at Malagin 0.005 0.002 0.003 0.003
Mill Ck at Hunter Rd 0.004 0.003 0.003 0.006
Mill Ck at Fish Trap 0.004 0.002 0.002 0.004
Hayes Ck at L. Hayes 0.010 0.009 0.009 0.014

Table3-7:  Median TP concentrations at synoptic survey sites over tintgell shading as in Table 3.6

Median TPconcentration per assessment period (mg/L)

Site

1997 2018 2019 2020
Dan OC Ck 300 m u/s 0.036 0.028 0.025 0.020
Dan OC Ck at C. Station 0.064 0.022 0.019 0.038
Station Ck at Coronet 0.009 0.005 0.004 0.002
McMullan Ck at Malagin 0.014 0.039 0.013 0.010
Mill Ck at Hunter Rd 0.030 0.034 0.016 0.032
Mill Ck at Fish Trap 0.026 0.024 0.018 0.018
Hayes Ck at L. Hayes 0.047 0.022 0.029 0.048
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Figure3-9: Comparison of concentration and instantaneous load (flux) estimatesI0sites in the Mill

Creek/Hayes Creek catchmentlux estimates not included for Waterfall Park site due to poor alignment
between gauging and grab sample collection tim@sitlier removed from McMullan Cre€kSS concentration

and fluxdata for period 2018022.See Figure-8 for explanation of box plot components.

Synoptic data for the 2018020 period indicate:

Hunter Road site

A
A
Hayes
A
site;
A

the concentratios and fluxesof NNN and TN increase in the realdwnstreamof the

TN and NNN concentrations and flux are lower in Hayes Creek downstream of Lake

DRPand TRconcentrationswere relatively low throughout the catchmeduring the
synoptic surveysanincrease of TP flux was evidefdwnstream ofthe Hunter Road

DRP and TP concentrations in the lake outflow (representddéoayes Creek
sample site) were greater than any upstream site, suggesting that the lake was a net

source of phosphorus in both dissolved and particulate forms
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A TSS concentrations were greatest in tributary and headwater streams, but the flux of
particulate material inreaseddownstreamof the Hunter Road st

A interpretation of the synoptic survey results requires catbese samples were
generally obtained undemverageflow conditionswhereas samples collected during
event conditions generally represent higher thiypical flowsas indicatel in Figure3-
10; and

A samples collectedo compare concentrations and the flux of contaminants at multiple
sample points across a catchmesmould be collected within a suitably narrow time
frame, or during similaflow conditions

The approximate flow conditions at sites used for synoptic surveys in the perioe2B208are
summarised irFigure 3.10 andable3-8. Approximately half of the sames collected during the
synoptic surveys were collected when discharge at the Hiapsite was less than the median flow
and gproximately 30% of samples were collected when flaivhe Fish Trap sitexceededhe 75"
percentile.

- + sxemomom  Synoptic surveys and events

@ * Synoptic surveys only

| | | ! | | !
0 500 1000 1500 2000 2500 3000
Discharge (L/s)

Figure3-10: Comparison of discharge conditions at Mill Creek at Fish Trapatitimes of synoptic surveyor
event-related samplecollection, 20182020.

Table3-8:  Proportion of samples collected under general catchment discharge conditions, ZIIR)

period. Discharge conditionat each sitedetermined according to flow in Mill Creek at Fish Trap site on day of
collection. If different to number of synoptic samples, total number of samples collected during this period in
parentheses.

No of synoptic Proportion of samples collectedhendischarge wag S & a @ K|
Site name samples in 201¢ 285 L/s 376 L/s 501 L/s
2020 perial (10" percentile) (Median) (75" percentile)

Dan OC Ck 300 m u/s 21
Dan OC Ck at C. Station 21
Station Ck at Coronet 21 5 45 68
McMullan Ck at Malagin 21
Mill Ck at Hunter Rd 21
Mill Ck at Fish Trap 10(~44) 0@ 50 @6) 70(55)
Hayes Ck at L. Hayes 21(~210 5@ 43 ) 67 (7)

3.6 Instantaneous and modelletbntaminant bads at Fish Tragte

Hourly and dily mass load estimates were derived from tH@ADEST amdOADEST software.
Instantaneous fln estimates were also calculated using grab sample concentration data and flow at

Estimation of contaminant losses 33



the time of samplingInstantaneous flux estimates were the product of discharge and concentration,
adjusting units as requiredSupplementary summary data are in AppendiEes I.

3.6.1 Total phosphorug Fish Trap site

Time-series of grab sample and moetigrived TP flux estimates the Fish Trap sitare shown in
Figure3-11. Annual masfoad estimatedor the period 1983 to 202&re listed inAppendix GThe

distributions ofgrab samplebasedinstantaneousTP loadsand modelledTP loads for each amth at
the Fish Trap site are shown in Figur&23
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Figure3-11: Comparison of instantaneous and modellatily total phosphorus (TP) loads fdhe FHsh Trap
site. Note that theY axis of the plobhas logo scale
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Figure3-12. Comparison ofjrab samplebasedinstantaneousTP loadsand modelledTPloads forthe Fsh
Trap site. Note that the Y axis of the plbias logo scale
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Figure3-13 shows the monthly estimate aheandaily TP load from 1983 through 2021, along with
anupper and lower 98 percent confidence intervalFigure3-14 summarises annual TP loads over
this period. Annual loads of similar magnitude were reportecbglleret al. (2020)

Key features of thesestimatesinclude

A During theeightyear period from1993-200Q estimatedannualTPloads were
generally > 1 t/yAfter 2002and for the next 18 yeargstimated annual TP loads were

<1ltly.

A The temporal pattern in these estimates are consistent with the magnituderufff
over the 38 complete years for which data were reviewed.
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Figure3-13: Monthly estimates ofmean dailyTP loadfor the Fsh Trap site. Modelled TP loads are shown
with error bars representing a 95% @&ound the mean.
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Figure3-14. Annual estimates of TP loafibr the Ash Trap site, showing 1994 estimate and Management
Plan target value.Theupper broken line is the 1994 annual TP loat),(and the lower lingepresentsa 20%
reduction of the 1994 annual total @t). The annual mass load estimate is incomplete for 2022
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Requirementsof this reportincluded:
A Indicaing when a 20% reduction in TP load to Lake Hayes had been achiesed, an
A Comparing contemporary TP loads with those measured in.1994

Figure3-14indicates that a 20% reduction in the 198BR load hasccured since 1996, and that
annualloads have been less than a third of the 1994 values consistently since 200&hld8-9 we

identify three periods that were used for comparisofloads over time. We did this because as
Figure3-7 indicates, annual discharge was considerably larger in 1994, 1996,and 2000 than

more recently. To minimise bias because of unusual hydrological conditions in a key period selected
for assessment and provide for assessment of more typical conditionsetiwp chosa for

assessment wete

A the 1994 calendar year @hbaseline for the Management Plan)
A an additional assessment period (1926898 inclusive)
A acontemporary period against which values for the other two periods were compared

¢ 20182020 inclusive.

The additional historical assessment perititethree calemar-yearperiods from 19961998

inclusive) waselectedbecausehe 1994annualload was considerably larger thamostannual loads
estimatedbefore and after that period Data from thethree-year period 19961998 provided a more
typical estimate of anndaverage, but included two annual estimates that were considerably larger
than contemporary values.

The estimated TP load for these three periods are compardalite3-9 as a change in annual mass
measured in the period 2018020relative to 1994 or 1994998, and as a proportion of the 1994
mass or the average load for the 199898 period. The difference between the 1994 load and loads
in all yaars (including contemporary estimates) is showkigure3-14.

Table3-9: Change in TP loag1994 vs 208-2020 and 199&8 vs 2018020 Colours and shading indicate
values being compareacross time paods.

Assessment period Annual load (t) Average load (t) Assessment
period sum (t)

1994 2.99

19961998 1.41 4.24

20182020 0.60 1.82

Difference (mass) 2.38(decrease) 0.8 (decrease) 2.42(decrease)

Difference (%) 79 (decrease) 56 (decrease) 43 (decrease)

The data summarised ifiable3-9 and Figure3-14indicate that the Management Plan target of 20%
reduction in 1994 load has been met in all years since 1994 eiuest (1995, 1999 and 2002), and
that since 2002 the annual TP load has been approximately 25% of thedb@BHbwever, he
annual load estimate appears sensitive to annual rainfall and resulting disclaandjérom the
information available, it is not possible to attribute the change in loads over time to specific
management actions, changes in land use &wr example, annual mass loads were generally

36 Estimation of contaminant losses



smaller and confidence intervals narrower for the period 2Q@®16 andhave increased slightly
since 2016. These values are closely related to discharge values, which have also increased since
2016, with nore high flow eventsKigure3-6).

The magnitude and variability of seasonal (monthly) TP loadsvfol9-yearperiods 19842002 and
20032021 is summarised iRigure3-15.
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Figure3-15. Monthly estimates of TP loador the Fsh Trap site for the 1984 to 2002 period and for the 2003
to 2021 period See Figure-B for explanation obox plot components

Data summarised iRigure3-15 confirms what was descrifgl inFigure3-11; the TP load in the
period prior to 2003 was considerably larger than pp803 and asimilar seasonal patterexists for
both periods Figure3-15).

3.6.2 Nitrate + nitrite N loads(NNN loads)

A time series of grab sample and moderived NNN flux estimates is showrFigure3-16. Annual
mass load estimates are listedAppendix G Both modelderived flux estimates, and those derived
from instantaneous flux estimates as the product of concentration and discharge at the time of
sampling show strong seasonaliiiqure3-16). Median NNNlux estimatesapproximately double
from ca. 10 kg/d in late summer to ca. 20 kg/d in September annually.

Figure3-16: Comparison ofmodelled NNN flux and grab sample NNN flfor the Fsh Trap site. Note that
the Y axis of the pldias logoscale The symbology is describedAppendix A
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