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Memorandum

To: Aileen Craw, Senior Planner, WSP

From: Eloise Ryan, Principal Water Quality Scientist, 4Sight Consulting-Part of SLR
Date: 14 April 2023

Subject: Assessment of effects on Clutha River water quality v1

Clutha District Council (CDC) is applying for statutory approvals to authorise the continued operation of
the Mt Cooee Landfill (referred to as ‘the Landfill’) on Kaitangata Highway, Balclutha. The existing
resource consents expire on 1 October 2023. To support the consent renewal and consent acquisition
process, CDC requires a series of technical assessments and reports. 4Sight Consulting — Part of SLR was
engaged by CDC via WSP to undertake a Water Quality assessment of the Clutha River, undertake a
Terrestrial and Wetland Survey and Assessment! and prepare a Bird Management Plan2. The purpose of
this memo is to present the findings from one of these assessments (Task 2 in the Offer of Service): to
determine if leachate has been entering the Clutha River from the Landfill based on water quality
monitoring results, and to provide a summary of water quality effects on the Clutha River from the
Landfill.

CLUTHA RIVER MONITORING DATA

Water quality assessments were undertaken to determine if there is evidence of leachate entering the
Clutha River from the landfill. The landfill is located within the Clutha River/Mata-Au catchment, with the
River approximately 60m west of the western boundary of the landfill site.

Water quality monitoring was conducted on four occasions in the Clutha River between April 2022 and
January 2023. Water samples were collected upstream of the landfill and downstream of the landfill to
allow comparison between the two sites. All sampling was conducted by CDC and the analysis in this
memo is based on the laboratory results presented in Appendix A. Water samples from all three sampling
occasions were tested for electrical conductivity, pH, chloride and total ammoniacal-N. The range of
water quality parameters was limited and did not include biochemical oxygen demand, however changes
in electrical conductivity and pH are likely to be sufficient to determine if leachate is making its way to
the river. In November 2022 and January 2023, a more comprehensive list of analytes was tested
including metals, chemical and biological oxygen demand, herbicides, semi volatile and volatile organic
compounds (SVOC and VOC)3.

COMPARISON OF UPSTREAM AND DOWNSTREAM MONITORING LOCATIONS

A comparison of site results for the four parameters measured on the four sampling occasions upstream
and downstream of the Landfill to the Clutha River is provided in Table 1. The difference between
upstream and downstream concentrations is shown in terms of the absolute differences in median
concentration (Absolute), and as a percentage change of the upstream concentration (%).

1 Rate S. 2022. Mt Cooee Landfill Expansion Area: Terrestrial, Wetland, and Waterway Assessment.
4Sight Consulting Ltd. Prepared for WSP.

2 Rate S. 2022. Mt Cooee Landfill Bird Management Plan. 4Sight Consulting Ltd. Prepared for WSP.

3 The full list of analytes is shown on the laboratory report in Appendix A.
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Table 1. Summary of water quality in the Clutha River upstream and downstream of the Landfill. A negative change
in concentration represents a lower median concentration downstream.

Analyte Upstream Downstream Change in Median
Median Range Median Range Absolute %
Electrical conductivity (mS/m) 7.4 7.4-8.6 7.6 7.2-8.6 0.2 2
pH 7.7 7.3-7.7 7.7 7.6-7.8 0 0
Chloride (g/m3) 1.0 0.7-3.7 0.95 0.7-3.7 -0.05 -5
Total Ammoniacal-N (g/m3) <0.010 <0.010 <0.010 <0.010-0.012 0 0

There were minimal differences in the median contaminant concentrations between the upstream and
downstream sites. While there was a decrease in the downstream median chloride concentration (-5%),
examination of the results showed minimal variation between the upstream and downstream sites (0.05
g/m3) on each sampling occasion, which is within the range of natural variation.

Overall, the results indicate that, at the time of sampling, leachate from the Landfill was not having any
meaningful effects on electrical conductivity, pH, chloride, or total ammoniacal nitrogen in the Clutha
River; that is, the water quality effects are negligible.

In November 2022 and January 2023, a more comprehensive suite of parameters was measured
including metals, chemical and biological oxygen demand, herbicides, SVOCs, VOCs, and others
(Appendix 1). There was little to no difference between upstream and downstream concentrations for
all measurements and many concentrations were at or below the laboratory level of detection. This
supports the conclusion that leachate from the Landfill is not having any meaningful effects on the water
quality of the Clutha River; that is, the effects of the leachate from the Landfill on water quality in the
Clutha River is negligible.

GUIDELINE VALUES

To put the measured water quality parameters for the Clutha River in context (from the four sampling
periods), the concentrations were assessed against relevant guidelines from the NPS-FM (2020)* and
ANZG (2018)°. Guidelines are shown in Table 2 with comparisons in Figure 1; there are no relevant
guideline values for chloride. | note that the NPS-FM Attribute Bands for total ammoniacal nitrogen have
been developed to be applied to annual median and maximum values for larger datasets than collected
here. Assessments of individual or few data points against the NPS-FM bands, however, is still considered
appropriate and provides context for results.

Table 2. Guideline values used to assess the water quality of the Clutha River.

Variable Guideline Value Source
Total ammoniacal-N* <0.05 g/m3 NPS-FM (2020). Band A, Annual maximum.
0.40 g/m3 NPS-FM (2020). NBL, Annual maximum.
Electrical conductivity 11.6 mS/m ANZG (2018) physical and chemical stressors for
oH 723.78 cool dry Iqw—elevation River Environment
Classification.

*pH adjusted, based on pH 8 and temperature of 20°C.

4 National Policy Statement for Freshwater Management 2020. National Policy Statement for
Freshwater Management 2020 | Ministry for the Environment

5 ANZG 2018. Australian and New Zealand Guidelines for Fresh and Marine Water Quality. Australian
and New Zealand Governments and Australian state and territory governments, Canberra ACT,
Australia. www.waterquality.gov.au/anz-guidelines



Figure 1 illustrates the similarity between the upstream and downstream samples and comparisons to
relevant guideline values.

Total ammoniacal-N concentrations were within the Band A NPS-FM standard. These results are in
agreement with the results of NIWA’s National River Water Quality Network site on the Clutha River at
Balclutha, which is downstream from the Landfill.®

Conductivity and pH concentrations were within the relevant ANZG guideline values.

Overall, at the time of sampling, these results indicate that the water quality in the Clutha River at both
upstream and downstream sites is of similar quality and is not being adversely affected by any leachate
that may be discharged from the Landfill.
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Figure 1. Upstream vs downstream samples in the Clutha River for samples collected between April 2022 — January
2023. Guideline values are sourced from Table 1.

SUMMARY OF EFFECTS ON THE CLUTHA RIVER

The results indicate that any leachate from the Landfill, at the time of sampling, had negligible effects on
water quality in the Clutha River.

The Mt Cooee Consenting Strategy’ states that there are effective measures in place to reduce leaching
and run-off with a steel sheet pile that effectively diverts the leachate. Accordingly, very little to no

6 Land, Air, Water Aotearoa (LAWA) - Clutha River/Mata-Au at Balclutha
7 WSP 2022. Mt Cooee Landfill: Consenting Strategy. Revision 2.0. Prepared for Clutha District Council.



https://www.lawa.org.nz/explore-data/otago-region/river-quality/clutha-rivermata-au/clutha-rivermata-au-at-balclutha/

leachate is anticipated to be discharged to the Clutha River. The sheet piles extend a wall down to the
bedrock across the full width of the valley with the wall capped with a low permeability compacted clay
bund. The wall and bund have therefore formed a dam for groundwater flow, which minimises the
deeper percolation of leachate but also directs groundwater flow out of the site towards the leachate
collection system. The leachate/contaminated groundwater is then pumped to the CDC sewer for
treatment. Combined with the diversion of the stormwater channel around the landfill (in 2021), these
appear to be effective measures to minimise impacts on the Clutha River.

There are large flows in the Clutha River (mean annual low flow at Balclutha 272 m3/s), enabling a
substantial dilution with the likely small discharge from the Landfill. These flows, combined with the
Landfill design, means the potential contaminant contribution from the leachate to the overall
contaminant load of the river is unlikely to be detectable. However, there were a limited number of
sampling occasions in this study (n=4), which does apply some limits to the strength of the conclusions
drawn in this memo. Although more data may be beneficial, | consider it unlikely that it would change
the conclusion here that the effects of the leachate on the Clutha River water quality is negligible, and,
at worst, less than minor.



APPENDIX 1: HILL LABORATORIES RESULTS
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l'."lhnt WSF NEM'ZEmrH:I Uml‘EH:I Lab No: | 307004
Contact: | Tara Verhulst Date Recelved: | 02-Mov-2022
G- WP New Zealand Limited Date Reported: | 15-Mov-2022
PO Box 273 Quote Mo: 117964
Alexandra 9320 Ordar Mo:
Client Reference: | Mt Coose Cuarterdy Sampling
Add. Client Ref: | 203309007/1200
Submitied By: Tara Verhulst
Sample Name: EW1 01-How-2022 530 am W2 01-Now-2022 10:00 am
Lak Humbser: 31079541 31079, 2
Indhacual Tesss
Sum of Anions meglL 070 [
Sum of Caiors megiL 0T e
pH pH Linis 7 (X
Total Alkadniy @i a5 Calio, = =
Bicarbonate i ot 25°C s £
Tatal Hardness i a3 CaCo, 31 1]
Electical Conductivey (EC) mEim 74 72
Disscived Mumickaw P [T 0057
Dissoived Boron [ <0005 < {005
Disscived Calcham give o7 108
Disscived Iron gma 012 [ %
Dissoived Magreshsm i 110 107
Disscived Marganese e 10145 00129
Disscived Frtassium P S [T
Dissoived Sodum g 158 zo
Chicride g 13 12
Total Ammoriaca-8 giee <0010 <0080
HirmeN g <0002 <0002
Nitrate.N pima [T 0086
Hitrane-N + Mir-N gma ooes ooe7
Tootal Kjiiahi Wiragen (TEM) g <010 <01
Disscived Ractie Phoaphons gome <0004 <000&
Finacthe Silca p/m* as 560, a4 33
Sulphate T gt 18 a7
Carboraceos Biochemical Coggen g O <z= <zm
Dwmand (cB00)
Chemical Onygen Demand (COD] g Oy ] &
Taial Cegansc Carbon (TOCH gima 18 18
Hxay mataks, dissobved, tace As,Cd Cr,Cu b Pb.Za
Dissoived Arsonic g < 0.004D <0008
Dissgived Cadmium gime < 000005 < 400005
Disscivad Chromaim g < L000S <01.0005
Disscived Capper g 0.0005 0.0006
Dissoived Lead gima 000018 0000HE
Disscived Nicked P < L000G <0.0005
Disscived Zinc e < 0000 <0008

This Laboraiory is accredied by internasonal Accrediation New Zealand (IANZ), which represents
Mew Zzaland in the Intemational Labortory Accrediation Coogeration [ILAC). Through the ILAC
Wiutisal Recognison Arrangement [ILAC-MAA] this aocediation is inlemationally recognised.

Thee: lesss regoried harein hawe bsen perfomed in aCordance with the tems of accrediation, with the
mception of sis marked * of any comments and IREpesaions, which ae nol aooredibed.




Sampile Nama: SW1 01-Now-2022 5:30 am SW 3 01-How- 2022 40:00 am
Lab Humber: 310741 390794 2
Ak Horbicides Sceaen in Water by LCMEME
AciTuoren gr < 0,004 <0.0004
Bentm o pima < [.0004 <10.0004
Bromayni gma < 0.0004 <0.0004
Clopyrald g < 0,0004 <{1.0004
74 Dichkoophenaneceic ackd (240] g < 00004 <0.0004
74 Dichiorophenaoybutyric acid (24D8] g < 00006 < 00006
Dicambs S T gme = 00006 = 00008
Dichiorpnep g < 0,0004 <0.0004
Fluazifop gl < 00004 <101.0004
Flurcoyrst ol < 00004 < 0004
Halwyfop gima < 0.0004 <10.0004
sncwyacelicackd gl = 00004 <101.0004
[MCPA)
Z-mafyi-a-chicioprancdutancic acid. g < 0,004 <0.0004
(MICPE]
Mecopenp g « 00004 <.0004
Cryzakin ‘g < 00006 < 00006
2,3.4,E-Tarachiorophered (TCF) e S000a 00004
TAE g < 0.0004 <0004
[245TP, Forapig. Sl
2,45 Trchiorophercsyacetc acid [245T) gt < 0,004 <10.0004
Pentachicrophenal (PCF gima < [.0004 10,0004
Picloram gima < 00004 <0.0004
Cuizaiolop giee < 0,004 <01.0004
Trickgyr e = 0.0004 <0004
Hakethars, Traca in SWOC Water Samples by GC-
[Bis[Z-chicmethay) methare g < 00005 <0005
Bis(2-chiciattyljahe g < L0005 <0.0005
His(2-Chinmiscprmpgether o < L0005 <0.0005
4-Bromaphenyl phayl afor gier < 0.0003 <0.0003
4-Chiorapheny pharyl erar P < 0,0005 <0.0005
Nilfegen contaning compaunds Trass in BV Waler Bamples, GC-MS.
7.4 Dinibeickens e < 0.0010 <0000
2 6-Dirivoickene g < 00010 < 00010
Hirobanzore: g < [.0005 <0.0005
N-Plirosdi-o-props lamines g < 00T <0000
N-Miscdpherylamine + Dipherylamine  gied <0000 <0000
Ovganochiorees Pesscides Trace in SYOC Waltr Samgies by GC-S
drin g < 00005 <0005
aipha BT g < L0005 <0000
beta-BHE g < 00005 < 00005
Falis ERIC g < 00005 < 00005
gamma-ESC (Lindang] P = 0,000 00005
45000 g = 0005 <0005
F g < L0005 <0.0005
44007 g < 001D <0000
Didrin ] <= LO00E <dl 0005
Endosudlarn | gime < L0010 <0000
Endcsattan || gt <000 <0000
Enccsitan sulphate gir < 0.0010 <0000
Endrin giee < 0.0005 <0 0005
Endrin kelong i < 000D <0000
Hupeachior grme < 10005 <0.0005
Huspaachics oposdida g = L0005 <1.0005
Husachiarmben zane g < L0005 <0.0005
Lab Ma: 3107904 5Py1 il Laboratories Page2 ol 7




1 D1-Now-2022 530 am

EWWE01-Mow- 2022 10:00 am

Lab Number: 31079941 INOTEE
Patyoyche Armatic Hydrooartans, Trace in S¥0C Waler Sampis’

Aoonaphitena P <0003 =0.0003
Acenapitiiens g < 0,003 < 00003
Aritracers g < 00003 <0003
Berofalanttyacers g < [.0003 < 00003
Berzo{aiyrera (BAP) g < 00003 < 00003
Beroojbjucranthens + Benzoj] g < 00003 <0003
Nusranthens

Berrojgh ijperdens g < 0,003 < 00003
Berzokflucraninena g < 0.0003 <0003
162-Chironaphiaions: g < 10003 < 00003
Chrysans gima < 0.0003 <0003
Dibenzoia, hjarthacens g < 0.0003 <0003
Flucranthens g < [L.0003 < 00003
Fhucrene g <0003 <0003
Indenal 1.2 3-c, djmyene g < 10003 <0.0003
T-Meswinaphinalens gie? 0.0003 =003
Nagrhalens g < 00003 <0.0003
Phenandrens g < 0.0003 < 00003
Pyrane g < 00003 < 00003
Bercojalyrens Todc Equnalence [TEF] gime < L0008 < 00008
Pranals Trace fdrnkingeater) in SYOC Waler Sampies by GC-MS

Z-Chicrophend o < L0005 < 00005
2 4-Dichkanpancd pima < L0005 < 00005
2,45 Tichiorophenct g < 00040 <0000
Prands Trace (non-drinkingwaser| in EVOC Waler Samples by GC-MS

4-Chicre-3-matiphendt gima < 0.0010 <0000
2,&-Dimatyiphena g < 1005 < 00005
3R 4 Mabyiphend (m- + p-cresal] gima < 0LO0HD <0000
Z-Motiprencl |o-Crosed] g < 00005 < 00005
-Nitropbenal g < 00010 <0000
Pentachicrophend (PCF) g <000 <000
Phenal gt < [LO0HD <0000
2,45 Trichiorophenal gie? < 000D < 00040
Plaslicsars Trace non-annkingwales] in SVOC ¥ aer by GOMS

Bueyiber yiphinalata g < 00040 <0000
Diethyichihalzte P <0060 <0000
Dimaathyphinalatn gid < 00010 <0000
Dé-n-bartyiphinalate iR < 000D <0000
DF-n-cchyiphhakais g <0000 <00oD
Plasticisars Trace |drinkingeaior] in SYOC W aler Sampies by GOMS

B (2. sihpheogiprihad e ] <0003 <0003
DH{2-atvihaseadipake g < [LO0HD <0000
Diher Haltganated compoeards. Tracs (drinkingeatar) in S¥OC Wates

1.2 Dichiombenzena s < 00005 <0000
1,3-Dichirobenzens g < L0005 < 00005
1,4-Dichiobenzens gl < (L0005 < 00005
Diher Haloganatnd compounds Trace (non-Srnkingwales] i SVOC

Hesachiorotmadiens g <0005 < 00005
Huxsae oot Pl < OGS < 00005
1,2 4-Trichiorobencena g < 00005 < 00005
Dithisr EVOC Trace s SVOC Waser Bampies by GC-ME

Bercyl acoha o] <0008 <0008
Carbazrin g < L0005 < 00005
Ditenzohiran g < L0005 < 00005
Isaphorane g < (L0005 <0005
Lab Ma: 3107984.3Pv1 Hill Laboratories Page 3ol 7




Sampin Type: Agueous

Sampile Name: S 01-Now-2022 5:30 am SW 2 01-how-205F 10:00 am
Lab Number: 3107864.1 3072
BTEX in WOC Waler by Hoacspace GC-MS
Beraene g < 0.0003 <0003
Eftrdbirzonag gl < L0005 < {1.O00S
Tokuene gima < 0,0003 <0003
Mg Xilana g < (L0006 < 0.0005
o-Ngone gire < 0003 <0.0003
Halogenated Alihatics in VIOC ¥ alor by Hoatspans GO-MES
Bromamethars [Mdiy Bromie) o < 00003 <0003
Carbor ofrachionce g < 1000a <0.0003
Chioroeihans ghea < 00003 <0003
Chicromethare: g < 0,0003 <0.0003
1,2-Dibvomo-3-chiorepropane e <0003 < 0.0ma
1,2-Dkromosinane (ehylene dlromide,  gied © 00003 <0003
EDE|
Ditromomathane P < 10003 <0.0003
Dichkodiiucromesharss g < 0003 <0.0003
1,1-Dichiarmehans goee < .0003 <0.0003
1,2-0ichiorethane gma < 00003 <0.0003
1,1-Dichiroothans giee < 0.0003 <0.0003
o<1, 2-Dichirooth e e < 0.0003 <0.0003
trans-1, 2 Dichiomeihene g < 0.0003 <0003
Dichkromathare [mefiykena chinide) g =00 =000
1,2-Dichiomgropana g < 00003 <0003
1,3-Dichiarpeopane g < 0.0003 <0.0003
1,1-Oichicropropena gima < /0003 <0.0003
i1, 3 Dichirype opans: phma < 000G <0 D005
trans-1 3 Dichioropropena g < 00005 <0 0005
Hesochiorobsdiens g < 00003 <0003
1,1.1,2-Tefrachiorosthans g < 00003 <0003
1,1.2 2-Terachirosthane g < 0003 <0.0003
Teirachiorosthens deiraciorostt i < 0.0003 <0003
1,1.1-Trichioroatiane gima < 0.0003 <0.0003
1,1.2-Trichloroshans gima < 1,003 <0.0003
Trichioroeihene [inchioratieral i < 0.0003 <0.0003
TrichionAiucrometana g < [,0003 <0.0003
1,23 Trichigropropana o] < 0.0003 <0003
1,12 Trichioroirifucmethare (Freon 113) gime < 0.0003 <0.0003
winyl chicride s < 1,003 <0.0003
Halogonated Ammatics in VOC Waser by Headspans GC-ME.
Chiorbenzens (monochioobenzes) | gime < 01,0003 <0.0003
1,2-Dichicroberzens g < 0.0003 <0003
1,3-Dichiarmbenzens give < 0003 <0003
1,4 Dichiorobenzens g < 00003 <0003
1,23 Trichlorsberzens s < 0.0003 <0003
1.24-Trichiorberzene gima < 0003 <0.0003
1,15 Trichiorberzena ghma < L0003 < 00003
Bromobenzens g < 10003 <0.0003
2. Chioroiniuena g = 0.0003 <0003
4-Criorinluena gime < 0.0003 <0003
Monoaromatic Hydmoartons. in WOC Wallr by Heasspane GC-ME
n-Butybercera ae < 0.0005 <O0ws
ten-Butybencene g < 0003 <0.0003
4 lsopropyiokuene [p-Cymane) et < 00005 < 00005
[[rrre— | gee < o003 00003
n-Propybenzers gima < L0005 <0005
soc-Butyborzens g < 0.0003 <0.0003
Lab Me: 3107904201 Hill Laboratories Page 4 of 7



Samplo Type: Aquoous

Sample Mame: SW1 01-How-2022 G:30 am W2 01-Now- 2027 10:00 am

Lakb Numb 31079541 IN0TIM. 2
Monoaromatic Hydmoabons in YOG Wale by Heaspace GC-ME
Styene e 00008 nooia
1,24 Trimethybenzere gime < L0003 <0.0003
1,35 Timethyisanzars g < 0003 < 00003
Hetoeas in VOO Wanr by Hoadspacs GC-MS
Aceinra Pl <005 <008
2 Bustancras [MEK) P <008 <008
Matyl lerbusdehier (MTEE] g < 0.0003 <0000
A Modyipontan 2-ona (MELK) g <000 <00
Trihakomatanes i VOC Waist by Hoasspece GC-MS
Eromcdichiororrasihans: g < L0003 <0.0003
Bremafom {rbromometane) g < [.0003 <0000
Chicroform {Trichicromethans) g < 0003 <0003
Ditwormochioramethiars g < 10003 <0.0003
Dther VOC in Waler by Fsadspace GC-ME
Carbon desuiphice e < 00005 < 0.0005
Naghthalene g < 1LO00S <01.0005
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Certificate of Analysis Page 1 of 5
Client: | WSP New Zealand Limited Lab No: 3161688 SPv2
Contact: | Tara Verhulst Date Received: 27-Jan-2023
C/- WSP New Zealand Limited Date Reported: 08-Feb-2023
PO Box 273 Quote No: 121901
Alexandra 9320 Order No:
Client Reference: | Mt. Cooee groundwater
Submitted By: Tara Verhulst
Sample Name: GW2 GW3 GW4 GW5 GW6
24-Jan-2023 24-Jan-2023 24-Jan-2023 24-Jan-2023 24-Jan-2023
Lab Number: 3161688.1 3161688.2 3161688.3 3161688.4 3161688.5
Individual Tests
Sum of Anions megq/L 10.0 7.3 162 20 6.9
Sum of Cations megq/L 10.9 7.6 162 19.5 7.7
pH pH Units 6.7 7.2 7.5 6.6 6.1
Total Alkalinity g/m3 as CaCO; 380 280 6,600 750 161
Bicarbonate g/m3 at 25°C 460 340 8,000 910 197
Total Hardness g/m3 as CaCO; 320 280 1,930 500 230
Electrical Conductivity (EC) mS/m 92.5 68.2 1,305 178.1 71.3
Dissolved Aluminium g/m3 0.008 0.010 <0.3 < 0.06 0.022
Dissolved Boron g/m3 2.6 0.29 63 8.2 0.107
Dissolved Calcium g/m3 63 77 107 102 43
Dissolved Iron g/m3 0.08 0.30 2 1.6 4.1
Dissolved Magnesium g/m3 39 22 400 59 28
Dissolved Manganese g/m3 24 9.1 0.34 3.3 5.8
Dissolved Potassium g/m3 17.2 25 720 22 24
Dissolved Sodium g/m3 90 35 1,010 128 62
Chloride g/m3 52 32 1,050 189 84
Total Ammoniacal-N g/m3 0.95 0.048 860 #1 45 0.52
Nitrite-N g/m3 0.002 0.004 0.03 0.004 <0.02#3
Nitrate-N g/m3 < 0.002 0.005 0.33 0.035 <0.02
Nitrate-N + Nitrite-N g/m3 0.004 0.009 0.36 0.038 <0.02#3
Total Kjeldahl Nitrogen (TKN) g/m3 1.60 0.75 810# 43#4 1.04
Dissolved Reactive Phosphorus g/m3 0.014 0.011 2.0 < 0.004 < 0.004
Reactive Silica g/m3 as SiO, 12.4 12.7 29 24 17.8
Sulphate g/m3 46 44 <5# 0.7 63
Carbonaceous Biochemical Oxygen g O,/m3 <2 <2 62 <2 <2
Demand (cBODs)
Total Organic Carbon (TOC) g/m3 7.3 10.6 420 15 5.0
Heavy metals, dissolved, trace As,Cd,Cr,Cu,Ni,Pb,Zn
Dissolved Arsenic g/m3 < 0.0010 <0.0010 <0.10 <0.02 0.0014
Dissolved Cadmium g/m3 < 0.00005 0.00008 < 0.005 <0.0010 < 0.00005
Dissolved Chromium g/m3 < 0.0005 < 0.0005 <0.05 <0.010 < 0.0005
Dissolved Copper g/m3 0.0034 0.0040 <0.05 <0.010 0.0012
Dissolved Lead g/m3 < 0.00010 0.00018 <0.010 < 0.002 < 0.00010
Dissolved Nickel g/m3 0.0034 0.0085 0.07 <0.010 0.0061
Dissolved Zinc g/m3 0.0031 0.028 <0.10 <0.02 0.0025
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This Laboratory is accredited by International Accreditation New Zealand (IANZ), which represents
New Zealand in the International Laboratory Accreditation Cooperation (ILAC). Through the ILAC
Mutual Recognition Arrangement (ILAC-MRA) this accreditation is internationally recognised.

The tests reported herein have been performed in accordance with the terms of accreditation, with the
exception of tests marked * or any comments and interpretations, which are not accredited.



Sample Type: Aqueous

Sample Name: GW7 BH1 25-Jan-2023 BH2 25-Jan-2023 BH4 25-Jan-2023 SW1 25-Jan-2023
24-Jan-2023
Lab Number: 3161688.6 3161688.7 3161688.8 3161688.9 3161688.10
Individual Tests
Sum of Anions meg/L 4.8 16.2 2.7 2.2 0.73
Sum of Cations meg/L 5.0 16.8 3.0 2.3 0.75
pH pH Units 6.6 7.2 6.1 6.2 7.3
Total Alkalinity g/m3 as CaCO; 77 610 65 69 32
Bicarbonate g/m3 at 25°C 94 740 79 84 39
Total Hardness g/m3 as CaCO; 153 630 79 58 33
Electrical Conductivity (EC) mS/m 52.4 142.1 29.5 23.0 7.4
Dissolved Aluminium g/m3 < 0.003 <0.003 0.048 0.29 0.010
Dissolved Boron g/m3 0.038 0.54 0.046 0.051 < 0.005
Dissolved Calcium g/m3 33 136 16.0 12.6 11.7
Dissolved Iron g/m3 0.05 <0.02 0.51 0.78 0.05
Dissolved Magnesium g/m3 17.0 71 9.4 6.5 0.91
Dissolved Manganese g/m3 0.35 0.43 0.72 0.55 0.0062
Dissolved Potassium g/m3 35 6.2 2.2 25 0.60
Dissolved Sodium g/m3 41 92 30 23 1.64
Chloride g/m3 97 133 25 19.0 0.7
Total Ammoniacal-N g/m3 0.73 <0.010 0.036 0.061 <0.010
Nitrite-N g/m3 0.026 < 0.002 < 0.002 0.003 < 0.002
Nitrate-N g/m3 0.054 <0.002 0.003 0.030 0.010
Nitrate-N + Nitrite-N g/m3 0.079 < 0.002 0.003 0.032 0.010
Total Kjeldahl Nitrogen (TKN) g/m3 1.68 0.14 0.18 0.17 <0.10
Dissolved Reactive Phosphorus g/m3 0.58 <0.004 0.008 < 0.004 < 0.004
Reactive Silica g/m3 as SiO, 32 18.1 22 27 25
Sulphate g/m3 21 15.0 33 11.1 3.3
Carbonaceous Biochemical Oxygen g O,/m3 4 <2 <2 <2 <2
Demand (cBODs)
Total Organic Carbon (TOC) g/m3 13.8 6.2 1.4 <05 1.3
Heavy metals, dissolved, trace As,Cd,Cr,Cu,Ni,Pb,Zn
Dissolved Arsenic g/m3 < 0.0010 <0.0010 < 0.0010 < 0.0010 0.0011
Dissolved Cadmium g/m3 < 0.00005 < 0.00005 < 0.00005 < 0.00005 < 0.00005
Dissolved Chromium g/m3 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005
Dissolved Copper g/m3 < 0.0005 0.0005 0.0018 0.0016 < 0.0005
Dissolved Lead g/m3 < 0.00010 < 0.00010 0.00011 0.00046 < 0.00010
Dissolved Nickel g/m3 < 0.0005 0.0007 0.0026 0.0009 < 0.0005
Dissolved Zinc g/m3 0.0089 0.0020 0.0011 0.0028 < 0.0010
Sample Name: SW2 25-Jan-2023 BH2.QA
Lab Number: 3161688.11 3161688.12
Individual Tests
Sum of Anions meq/L 0.74 -
Sum of Cations meq/L 0.76 -
pH pH Units 7.6 6.5
Total Alkalinity g/m3 as CaCO; 32 -
Bicarbonate g/m3 at 25°C 39 -
Total Hardness g/m3 as CaCO; 33 -
Electrical Conductivity (EC) mS/m 7.8 29.7
Dissolved Aluminium g/m3 0.004 -
Dissolved Boron g/m3 0.005 0.047
Dissolved Calcium g/m3 11.7 -
Dissolved Iron g/m3 <0.02 -
Dissolved Magnesium g/m3 1.01 -
Dissolved Manganese g/m3 < 0.0005 -
Dissolved Potassium g/m3 0.60 2.3
Dissolved Sodium g/m3 1.72 -
Chloride g/m3 0.7 26
Total Ammoniacal-N g/m3 <0.010 0.044
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Sample Type: Aqueous

Sample Name: SW2 25-Jan-2023 BH2.QA
Lab Number: 3161688.11 3161688.12

Individual Tests
Nitrite-N g/m3 < 0.002 <0.002
Nitrate-N g/m3 0.009 <0.002
Nitrate-N + Nitrite-N g/m3 0.010 < 0.002
Total Kjeldahl Nitrogen (TKN) g/m3 <0.10 -
Dissolved Reactive Phosphorus g/m3 < 0.004 -
Reactive Silica g/m3 as SiO, 25 -
Sulphate g/m3 34 -
Carbonaceous Biochemical Oxygen g Oy/m3 <2 -
Demand (cBODs)
Total Organic Carbon (TOC) g/m3 1.3 -
Heavy metals, dissolved, trace As,Cd,Cr,Cu,Ni,Pb,Zn
Dissolved Arsenic g/m3 <0.0010 -
Dissolved Cadmium g/m3 < 0.00005 -
Dissolved Chromium g/m3 < 0.0005 -
Dissolved Copper g/m3 < 0.0005 -
Dissolved Lead g/m3 < 0.00010 -
Dissolved Nickel g/m3 < 0.0005 -
Dissolved Zinc g/m3 <0.0010 -

Analyst's Comments

#1 |t has been noted that the result for Total Ammoniacal-N was greater than that for Total Kjeldahl Nitrogen, but within the
analytical variation of these methods.

#2 Due to the nature of this sample a dilution was performed prior to analysis, resulting in a detection limit higher than that
normally achieved for the SO4 analysis.

#3 Severe matrix interferences required that a dilution be performed prior to analysis, resulting in a detection limit higher
than that normally achieved for the NOxN /NO2N analysis.

Samples 1, 4 Comment:
Please note that the level of Uncertainty of Measurement (UOM) for the TOC result is significantly greater than that usually
reported for this analyte (up to 200-300% at the 95% confidence level).

Samples 2, 10-11 Comment:
Please note that the level of Uncertainty of Measurement (UOM) for the TOC result is significantly greater than that usually
reported for this analyte (up to 100-200% at the 95% confidence level).

Samples 5, 7-8 Comment:
Please note that the level of Uncertainty of Measurement (UOM) for the TOC result is significantly greater than that usually
reported for this analyte (>300% at the 95% confidence level).

Summary of Methods

The following table(s) gives a brief description of the methods used to conduct the analyses for this job. The detection limits given below are those attainable in a relatively simple matrix.
Detection limits may be higher for individual samples should insufficient sample be available, or if the matrix requires that dilutions be performed during analysis. A detection limit range
indicates the lowest and highest detection limits in the associated suite of analytes. A full listing of compounds and detection limits are available from the laboratory upon request.

Unless otherwise indicated, analyses were performed at Hill Laboratories, 28 Duke Street, Frankton, Hamilton 3204.

Sample Type: Aqueous

Test Method Description Default Detection Limit |Sample No
Heavy metals, dissolved, trace 0.45um Filtration, ICP-MS, trace level. APHA 3125 B 23" ed. 0.00005 - 0.0010 g/m3 1-11
As,Cd,Cr,Cu,Ni,Pb,Zn 2017.

Filtration, Unpreserved Sample filtration through 0.45pm membrane filter. - 1-12
Total anions for anion/cation balance Calculation: sum of anions as mEquiv/L calculated from 0.07 meg/L 1-11
check Alkalinity (bicarbonate), Chloride and Sulphate. Nitrate-N,

Nitrite-N. Fluoride, Dissolved Reactive Phosphorus and
Cyanide also included in calculation if available. APHA 1030 E

234 ed. 2017.
Total cations for anion/cation balance Sum of cations as mEquiv/L calculated from Sodium, 0.05 meg/L 1-11
check Potassium, Calcium and Magnesium. Iron, Manganese,

Aluminium, Zinc, Copper, Lithium, Total Ammoniacal-N and pH
(H*) also included in calculation if available. APHA 1030 E 23
ed. 2017.
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Sample Type: Aqueous

Test Method Description Default Detection Limit |Sample No

pH pH meter. APHA 4500-H* B 23 ed. 2017. Note: It is not 0.1 pH Units 1-12
possible to achieve the APHA Maximum Storage
Recommendation for this test (15 min) when samples are
analysed upon receipt at the laboratory, and not in the field.
Samples and Standards are analysed at an equivalent laboratory
temperature (typically 18 to 22 °C). Temperature compensation

is used.

Total Alkalinity Titration to pH 4.5 (M-alkalinity), autotitrator. APHA 2320 B 1.0 g/m3 as CaCO3; 1-11
(modified for Alkalinity <20) 231 ed. 2017.

Bicarbonate Calculation: from alkalinity and pH, valid where TDS is not >500 1.0 g/m3 at 25°C 1-11

mg/L and alkalinity is almost entirely due to hydroxides,
carbonates or bicarbonates. APHA 4500-CO; D 23" ed. 2017.

Total Hardness Calculation from Calcium and Magnesium. APHA 2340 B 23 1.0 g/m3 as CaCO3; 1-11
ed. 2017.

Electrical Conductivity (EC) Conductivity meter, 25°C. APHA 2510 B 231 ed. 2017. 0.1 mS/m 1-12

Filtration for dissolved metals analysis Sample filtration through 0.45um membrane filter and - 1-8,11-12
preservation with nitric acid. APHA 3030 B 23rd ed. 2017.

Dissolved Aluminium Filtered sample, ICP-MS, trace level. APHA 3125 B 23 ed. 0.003 g/m3 1-11
2017.

Dissolved Boron Filtered sample, ICP-MS, trace level. APHA 3125 B 23 ed. 0.005 g/m3 1-12
2017.

Dissolved Calcium Filtered sample, ICP-MS, trace level. APHA 3125 B 23 ed. 0.05 g/m3 1-11
2017.

Dissolved Iron Filtered sample, ICP-MS, trace level. APHA 3125 B 23 ed. 0.02 g/m3 1-11
2017.

Dissolved Magnesium Filtered sample, ICP-MS, trace level. APHA 3125 B 23 ed. 0.02 g/m3 1-11
2017.

Dissolved Manganese Filtered sample, ICP-MS, trace level. APHA 3125 B 23 ed. 0.0005 g/m3 1-11
2017.

Dissolved Potassium Filtered sample, ICP-MS, trace level. APHA 3125 B 23 ed. 0.05 g/m3 1-12
2017.

Dissolved Sodium Filtered sample, ICP-MS, trace level. APHA 3125 B 23 ed. 0.02 g/m3 1-11
2017.

Chloride Filtered sample. lon Chromatography. APHA 4110 B (modified) 0.5 g/m3 1-12
234 ed. 2017.

Total Ammoniacal-N Phenol/hypochlorite colourimetry. Flow injection analyser. (NHas- 0.010 g/m3 1-12
N = NH4*-N + NH3-N). APHA 4500-NH3 H (modified) 23" ed.
2017.

Nitrite-N Automated Azo dye colorimetry, Flow injection analyser. APHA 0.002 g/m3 1-12
4500-NOz" | (modified) 23 ed. 2017.

Nitrate-N Calculation: (Nitrate-N + Nitrite-N) - NO2N. In-House. 0.0010 g/m3 1-12

Nitrate-N + Nitrite-N Total oxidised nitrogen. Automated cadmium reduction, flow 0.002 g/m3 1-12
injection analyser. APHA 4500-NOg" | (modified) 23rd ed. 2017.

Total Kjeldahl Nitrogen (TKN) Total Kjeldahl digestion, phenol/hypochlorite colorimetry. 0.10 g/m3 1-11

Discrete Analyser. APHA 4500-Norg D (modified) 4500 NHz F
(modified) 23 ed. 2017.

Dissolved Reactive Phosphorus Filtered sample. Molybdenum blue colourimetry. Flow injection 0.004 g/m3 1-11
analyser. APHA 4500-P G (modified) 23 ed. 2017.

Reactive Silica Filtered sample. Heteropoly blue colorimetry. Flow Injection 0.10 g/m3 as SiO, 1-11
Analyser. APHA 4500-SiO2 F (modified) 23rd ed. 2017.

Sulphate Filtered sample. lon Chromatography. APHA 4110 B (modified) 0.5 g/ms3 1-11
23d ed. 2017.

Carbonaceous Biochemical Oxygen Incubation 5 days, DO meter, nitrification inhibitor added, 2 g O,/m3 1-11

Demand (cBODs) seeded. APHA 5210 B (modified) 23" ed. 2017.

Total Organic Carbon (TOC) Supercritical persulphate oxidation, IR detection, for Total C. 0.5 g/m3 1-11

Acidification, purging for Total Inorganic C. TOC = TC -TIC.The
uncertainty of the calculated result is a combination of the
uncertainties of the two analytical determinands in the
subtraction calculation. Where both determinands are similar in
magnitude, the calculated result has a significantly higher
uncertainty than would normally be achieved if one of the results
was significantly less than the other. In such cases, the
elevated uncertainty should be kept in mind when interpreting
the data. APHA 5310 C (modified) 23" ed. 2017.
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These samples were collected by yourselves (or your agent) and analysed as received at the laboratory.

Testing was completed between 31-Jan-2023 and 08-Feb-2023. For completion dates of individual analyses please contact the laboratory.

Samples are held at the laboratory after reporting for a length of time based on the stability of the samples and analytes being tested (considering any
preservation used), and the storage space available. Once the storage period is completed, the samples are discarded unless otherwise agreed with

the customer. Extended storage times may incur additional charges.

This certificate of analysis must not be reproduced, except in full, without the written consent of the signatory.

Graham Corban MSc Tech (Hons)
Client Services Manager - Environmental
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