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Kllmanawa Solutions Limited (KSL) is a water resource consultancy and research company specialising in water
resource investigation and modelling, environmental limit setting and water resource impact assessment. Our
goal is to provide excellent science taifdate the robust management of natural resources in our changing
climate.

Our vision

KSL delivers high quality science and research. We aspire to be at the forefront of creativity and innovation to
address our increasingly complex water resource challengkgatau, n, mll kn uri n muri ake nei (for us and
our children after us).

Our mission

Our mission is to develop solutions to the increasingly challenging water resource management issues we now
face by providing a clear vision of the pathway from problem to solution. We work closely with our partners,
communities, and stakeholders, deplogirstateof-the-art scientific methods and building trust through
knowledge and honest science communication.

Limitations
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the consulting profession for the use of the Westland Mineral S&wualgd.

This Report has been prepared in accordance with the scope of work and for the purpose outlined at the start
of this report and is based on generally accepted practices and standards at the time it was prepared. No other
warranty, expressed or implied,isade as to the professional advice included in this Report.

Where this Report indicates that information has been provided to KSL by third parties, KSL has made no
independent verification of this information except as expressly stated in the Report. KSL assumes no liability
for any inaccuracies in or omissionsthat information.

This Report was prepared between February and September 2023 and is based on the conditions encountered
and information reviewed at the time of preparation. KSL disclaims responsibility for any changes that may have
occurred after this time.

This Report should be read in full. No responsibility is accepted for use of any part of this Report in any other
context or for any other purpose. This Report does not purport to give legal advice. Legal advice can only be
given by qualified legal pradiiners.

To the extent permitted by law, KSL expressly disclaims and excludes liability for any loss, damage, cost or
expenses suffered by any third party relating to or resulting from the use of, or reliance on, any information
contained in this Report. KSL does admit that any action, liability or claim may exist or be available to any
third party.
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Westland MineralsCompanyLimited(WMSC)seeks all resource consents necessary to construct, operate and
maintain a mineral sandhine, including associated infrastructure, over an area of approximatehha on
WMSCowned landat Mananui The consent is sought for a total of 16 years with an anticipategeh®

mining at maximum production. This time allows éite development, mining and closure decommissioning
and final rehabilitation.

The proposed mine site is bounded bywharewhare (Mihinapua Creek) andthe Mahinapuaiparian wetland
to the east, by Department of Conservation land to the south, by State Highway 6 to the west anghihapdia
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Schedule 1 and Schedule 2 of the West Coast Regional Land and Water Plan.

The site is characterised by very low gradient topography and coarse sandy soils with high rates of rainfall
infiltration. Site drainage features are limited to a set of nestuth orientated swales and drains with
intermittent flow. Intrusive site inveggations have shown that all surface water features within the site
boundaries are perched above the water table, which is typically found at around 3 m depth.

The proposed mining methodology utilises a sand dredge that sits within a mine pond initially excavated to the
ground water level. Topsoil is removed ahead of the mine path and set aside for rehabilitation. As the dredge
mining face advances the void credtbehind is progressively backfilled with tailings sand, re contoured and

top soiled. The proposed dredge path is an average of 50 m wide and will operate in a predominantly North
South directionMineral sand dre) will be pumped from the mine pésa durry to the processing plant. The

heavy mineral elememstwill be separated at the plant. The remaining sdraferred to as tailingsyill be

returned to the mine pit as a pumped slurry. The mineral separation process is mechanical and involves no
chemical additives

A well will be installed at the site to provide tayp water for the processing plant and a water treatment system
will be installed at the processing plant to remove fine sediment from the process water so that water can be
recycled through the plant. Thiwill minimise the requirement for tepp water from the well.

The mine excavation will intercept a series of small Idcaihs which appear to have been constructed around
1980 Runoff currently being intercepted by these draimdl be managed via temporary workisiring mining

The site will be progressively rehabilitated into productive farmland a new ecological reservweith two
wetlandsalong the eastern boundary, a nemetland in the northeast corner and improved drainage of the
farmland.The current drainage configuration, under which two constructed drainage channels transfer runoff
contaminants directly from farmland t6 1 ¢ K I NBMaKirnapiB €reek and the riparian wetland, will be
improved significantly byeplacing these pathways with wetlands. Wetland plant nutrient uptake and sediment
retention will deliver a sustained improvement in water quality.

The hydrology, hydrogeology and water quality of the site have been investigated in detail as part of the current
and previous mining proposals. Investigation and monitoring results were incorporated into a numerical
groundwater model founded on conservadi assumptions and a worstise hydraulic parameter interpretation

to provide a precautionary assessment of potential hydrological impacts after accounting for the proposed
designand management action§.he potential hydrological effects associated witle {proposed activitythe

key findings of our effects assessment and any actthas will be undertakerto avoid adverse impacts are
summarised inmable2-1 below.
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Table2-1: Effects assessment anthnagement actions summary

Activity Potential effects Assessment summary Management actions
Groundwater level changes in local thipdrty water supply wells are expected to be
negligible and inconsequential.
lye RSLIX SiGA2Yy 2F Ft26a Ay ¢ngKI NBSFKI NB
Drawdown in local domestid accepted effects thresholds for ecological stream health and cause no adverse effects.
and stock wells proposed activity is expected to generally augment flows in the creek fodubhegtion of
A A v mining, although the scale of any augmentation will be small.
5SLJ SuAz2y 27F . . ;
Groundwater A precautious assessment of changes in groundwater seepage from the eastern edge ¢ Not required

abstraction from
top-up supply well

and the potential for water
levelchanged in the riparian
wetlands; and

YAYS aAGS G2 ¢ngKIFNBgKIF NEry didalbdt indhehsy in sepade
during miningVery smallncreases and decreases are projected to occur over time and f
within the range of the natural variability. Any reduction in seepage, which would be
intermittent and interspersed with increased seepage, would comprise a negligible
component of the wetind water budget and be of no consequence to thelesed
hydrology.Adverse effects will therefore be avoided.

Seawater intrusion due to
pumping from well.

The proposed activity will not result in seawater intrusion to the coastal aquifer.

Not required

Net discharge of
water from
minerals processing
plant to mine
excavation+
stormwater runoff
to dredge pond

Mounding in the excavation
potential for overtopping
during storm events.

Modelling of mounding in the mine excavation due to the net discharge of water to the
dredge pondshows that the water table in the pit could rise by up to 1.5 m at some inter
of the mine life under a worstase scenario. Runoff calculations indicate that the freebog
volume of the pit and infiltration capacity are adequate to contain a 1:\€8® 24-hour
rainfall event without any risk of overtoppingidverse effects will therefore be avoided.

Not required

Sediment
disturbance in
mine pond

Turbidity/reduced visual
clarity in nearby domestic
gStta 2NJ ¢ngi
groundwater transport of
turbidity from thedredge
pond.

Turbid water in the mine excavation is very unlikely to be transported more 58am from
the edge of the excavation. Given that the proposed mine pit will be located at least 50
FNRY ¢ngKFENBgKINE FYR mnn Y FTNRBY GKS Of
turbidity changes in the receiving environment is low, even withoubanting for dilution in
the creek and filtration in the fine substrate of the riverbedonetheless a management
approach has been developed to avoid outward seepage ofmiaden the dredge pond
when the mine is upgradient @ 1 g K I NGtlekipaNad wetland and the local domestig

supply wells. Adverse effects will therefore be avoided.

Install infiltration
trench on southern
site boundary and
abstract 3 L/s (net)
from the dredge
pond in a designated
GRNBR3IS L
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Activity

Potential effects

Assessment summary

Management actions

Discharge of water
from process plant
to dredge pond

Potential transport of
naturally occurring dissolve
constituents, including
metals or metalloids, from
the excavation to
CNnogKIFENBgKI NBY
groundwater flow.

A limited suite of dissolved metals may be present in the minerals processing discharge
water at concentrations above environmental screening thresholds. Our conservative
modelling shows that, after accounting for reasonable mixing, all water quality métants
gAtt 0SS 0Sft2ps AONBSYyAy3d GKNBaAK2f R @It dzS
and chromium which could be slightly elevatédthough the effects of any such discharge
are expected to b&o more thanminor, a management approach has bedsveloped to
avoid outward seepage of water from the dredge pond as described above. Adverse efi
will therefore be avoided.

Potential transport of
naturally occurring dissolvei
constituents, including
metals or metalloids, from
the excavation talomestic
wellsvia groundwater flow.

Dissolved aluminium concentrations could potentially exceed the aesthetic value for dri
water intermittently in the three local domestic water supply wells. The aesthetic value f
aluminium is defined to avoid potential complaints of depositionsridiscoloration of
drinking water. Although the effects of any such water quality change are expected tmbe
more thanminor, a management approach has been developed to avoid outward seepa
water from the dredge pond as described above. Adversectffeill therefore be avoided.

level management
I 2y Sé

Undertake
precautionary water
guality monitoring in
piezometers on the
north werst site
boundary, upstream
of the closest
domestic supply well

Site rehabilitation

Discharge of nutrients and
sediments tot 1 & K I NB
and theriparian wetlandvia
runoff from the

rehabilitated site once
returned to farming use.

An improved drainage system and three constructed wetlands will be installed as part @
site rehabilitation plans. Our assessment shows that the wetlands are expected to redu
nutrient and sediment discharges from the sitettay ¢ K | NBadgdKHeri&ian wetland
significantly.

Design wetland for
optimal nutrient and
suspended sediment
removal.
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2 INTRODUCTION

2.1 Background

2S53aGfryR aAySNIf {FyR&a /2 [GR Aa Iy SaidlotAaKSR YAyYyS
West CoastThe Mananuiproject located south of Hokitika near the localities of Ruatapu Efathanui The

deposit adjoins State Highway 6 on the landward side, between SH6 and K I NJadgdkHerbiEh-western

shore of Lakea n K A y.IThddeposit was previously consideréa 2016 to 2019y NZ Garnet Limited and

Barton New Zealandnd is now beingdvanced byWestland Mineral Sands Co. LWMS0). WMSChas held

mining permit 60508covering a portion of theMananui ore deposits since February 2019 to mine the
approximately~112 hectares(ha)permit area

The deposit underlies low intensity agricultural land, beef grazing and previously deer farming. The overlying
land is grassed with stands of native scarbwoodland. The land was previously owned by Peter Yorkis
estate The deposit has been extensively mineral drillecgfnid and garnetesource delineation.

The proposed mineral sand extraction and rehabilitation project entails excavating thetseemsverage od

m abovemean sea levelASL)in strips along the grain dfie siteand delivery of the ore to a processing plant.
Thesand from the plant from which heavy mineral concentrates have begmoved(referred to adailing9 will

be directly redeposited into the wake of the extraction pfthelandwill be rehabilitated to productive farmland
with improved drainage and inclusion of a new wetland to intercept rufi@ifn the siteon the flow path
towards¢ N ¢ K I NI £ &elarNid&lerstanding of the local geology, hydrology and water quality is required to
understand and manage potential impacts on local water features.

2.2 Reportpurpose andoverview

The purpose of thiseport is toa) describe the local hydrological setting) determinethose aspects of the
proposed activity which could potentially causgversehydrologicaleffects and c) describe the actions that
will be undertaken to address potential effects in accordance with the effects management hierarchy.

This report is structured as follows:

1  Section3 provides a summary of the proposed activity.

1 Sectiors 4 and 5 describe the existing environment and present a conceptual model of the local
hydrological system.

1  Section6 assesses the potential hydrological and water quality effects of the activity.
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3 SUMMARY OF THE PROPOSED ACTIVITY

A full description of the proposed activity is provided in the Assessment of Environmental Effects (TPRL, 2023).
Thekey activitieswith respect to hydrological effects are as follows:

1. The excavation will intercept a series of small local surface drainage features. Thesemalhdged
via temporary works. An improved drainage system will be constructed as part of the site rehabilitation.

2. Orewill be pumped frona dredge unit as a slurry to the processing plaseavy mineral concentrate
will be separated at the plant and the residual sand returned to the excavation as a pumped slurry. The
mineral separation process is mechanical and involves no chemical additives, other than
flocculants/coagulants if required t@ssist with removal of fine sediment.

3. A well will be installed at the site to provide teyp water for the processing plamtith a maximum
daily pumping rate of 3,288 m? (38 L/s) and a maximum instantaneous pumping rate of &0 thie
38 L/s maximum daily pumping rate, 4.3 L/s is expected to be retained within the garnet and ilmenite
produced on the site and either be transported off site or seep to the ground locally. The reclaiming
33.7 L/s will be discharged either to the dge pond or to an infiltration trench on the southern site
boundary.

4. Asedimenttreatment system will be installed at the processing plant to remove fine sediment from
the process water so thatater can be recycled through the plant. This will minimise the requirement
for top-up water from the well.

5. A small volume of watef3 L/s net)will be pumped from the mine pond to maintain positive
ANRdzy Rl GSNJ Ft 26 (261 NRa GKS SEOFI@GIiGA2Yy 6KAES (K
riparian wetland and the domestic water supply wells to the west of the northern part of the site.

6. The site will be progressively rehabilitated into productive farmland with a new ecological resetve
wetlandsalong the eastern boundary and a new wetland in tletheastcorner.

4 EXISTING ENVIRONMENT

4.1 Location

Thesite is located ifMananui, approximately 7 km south of Hokitika and is bounded toninh-western by
SHeandthe Thwharewhare riparian zonto thesoutheast[  { S an KAyl Llzr fASa (G2 GKS a
thesitew GAGK ¢ngKFENBSGgKINSE RNIAYAYy3I y2NIKBhke NdREeastldhdd (0 G K
southwest boundaries of the mostly rectangulatock fringg undulating farmland and forest reserve,
respectively. The Mananui Tram Track passes along the northeast boundary between SH6amd&khg y I LJdzl
footbridge;the Tasman Sea is 45650 mwest of the site.

4.2 Topography

Thesite isrelativelylow-lying with an altitudinal range of 5.4 m to 14.3 m Above Mean Sea Level (Al4St)y
wetlands andt 0 ¢ K I NBhavk & ielBht of 4 m to 2 m AMSL along theek margirbetween the southern

and northern flanks othe site There is significant micstopography discernible in LIDAR images/ narrow

ridges orientedsub-parallel to the modern coastlinérigure4-1). These are interpreted as the expressions of
abandoned strandlines or dune features associated with a rapidly aggrading coastal sequence, which is covered
further in section4.5 Geologyand section5.3.3 Indications of Lateral Anisotropyrhe strongest topographic
margins are thus the modern coastline abch ¢ K I NJB Bh& éadtdn ridge overlooking the cregdnerally

defines the highest lanélevations although this watershed has been artificially breached in two places to
improve land drainagéy diverting surface water courses eastwards inton ¢ K I NBhrdagh iR made
through the eastern ridge

14 | KsL



Legend
[ Mining area

~——— Main runoff pathways

KsLY

Komanawa Solutions Ltd

0.2 0.4 km
L—

Project name: Mananui Mineral Sands Project
Date: 05/10/23

Client: Westland Mineral Sands Company Ltd

Figure4-1: LIDAR topography of York Block (red fringed) and environs

15

| KSL




4.3 Climate

4.3.1 Summary

The2 SadG /2Faid Aa bSs wSItlyRQa ¢6SiiGSaid NBIA2YyS | yR
westerly airflow over the country, combined with the orographic effect of the Southern Alps. Annual rainfall
totals at relatively high elevations relguly exceed 10,000 mm, with low elevation coastal locations typically
recording between 2,000 and 3,000 mm of rainfall annually. Temperatures in lowland areas remain mild
throughout the year, with temperatures less than 0°C and greater than 25°C occinfrieguently compared

to most other regions of New Zealan@ihe WestCoast is not especially windy, and local wind regimes are
strongly influenced by the southwest to northeast orientation of the Southern Alpsdidaz01b).

The Southern Alps act as a barrier to the prevailing westerly airstream which is both deflected by them and
forced to ascend; this causes rain which is often heavy and prolongttkiest Coast. These prevailing
westerlies sometimes abate, and air from either tropical or polar regions may reach New Zealand with heavy
rainfalls or cold showery conditions respectively. The effect of the oceans on air of tropical origin is to cool the
lower layers, creating extensive sheets of stratiform cloud capable afymiag large amounts of raion the

West Coast, especially when entrained into cyclonic (low pressure) systems and subjected to orographic
processes. Conversely, air originating from the far south typically reaches New Zealand as a southerly airstream,
and the Southern Alps protettie West Coast from the instability showers formed when cold air is heated from
below by a relatively warm sea surface. Under these circumstativesyest Coast experiences fine weather

and sunny skies with exceptionally goosdibility (Maara, 20%5).

4.3.2 Precipitation

The closest electronic weather station (EWS) toSiteis located irHokitika. Table4-1 lists the basic summary
of rainfall statistics for the most recent years of data collection.

Table4-1 Summary of Rainfall statistics fddokitika electronic weather station
Metric Hokitika EWS
EWSElevation (m AMSL) 20
Years of Complete Data 58
Mean Annual Rainfall (mm) 2,732

The rainfall is relatively evenly distributed across the year with little in the way of discernible seasonality in the
pattern of mean monthly rainfall totals evident iigure4-2.
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FromFigure4-3 it can be noted that thea n K A y tatclirent lies in the2,000 to 3000 mm/year range of
median rainfall total.
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Figure4-3 West Coast median annual total rainfall, 1982010 (Maara, 2016), Mananui marked with red
arrow

Dry spells are quite uncommon in most areasghef WestCoast butcan occur throughout the region when a
persistent (blocking) anticyclone becomes established over the South Island. Additionally, the Southern Alps
provide sheltering for the region during easterly airstreams, such that dry spell conditions camotoaiVest

Coast when considerable rain may be falling east of the main diViterarity of dry spells contributes to the
consistency of flow regime in rivers draining the south Westland foothills. Dry spells (classified as periods of 15
days or longer witlain less than 1 mm per day) are relativedye and spread out among the seasons (Seble

4-2).
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Table4-2: Dry spell frequency, duration and seasonal distribution

: : Mean duration| Max. duration :
Station location Frequency Max duration date
(days) (days)
One every 19 6/2/2013 to
Greymoutt months 17 39 16/3/2013
. @) 21
Hokitika nee evey <3 17s 32 :
months
Season Summer Autumn Winter Spring
Seasonal
distribution (%) of| 25% 30% 35% 10%
dry spell$
b2GSY WRNE aLSttaQ INBE NBFSNNBR (2 Fa LISNA2RA

4.3.3 Evapotranspiration

Evapotranspiration areneasured at theHokitika AVS. Compared to the measured rainfall Hbkitikg the

measured or calculated evapotranspiration is small as is listédties-3.

Table4-3: Evapotranspiration annual totals measured Blokitika

Evaporation / Evapotranspiration Measurement Value (mm)
TotalMean AnnualPenman Potential Evapbranspiration 732
January MeamMonthly PenmanPotential Evapd ranspiration 120

July MearMonthly Penman Potential Evapbranspiration 18

4.3.4 Soilmoisture, runoff & soil drainage

2F TFTATFC

The West Coast soils are seldom in soil moisture deficitamathuch more often shedding meteoric water as
illustrated in the soil moisture balance tables for the Hokit#Ssite nearMananui

Table4-4 illustrates that soil deficit occurs on a small number of days each year (between 1 and 2 days), the

total annual deficit is minor (between 4 mm and 7 mm), soil drainage or runoff is substantial (2,1 X®rtira)

runoff occurs over approximately a third of the hydrological year (between 127 and 129 days).

A consequence of the seitoisture and water balance surplus is the large quantities of excess watethihtat

mustbe shed from at the land surface. Permeable, low relief land susfageh as gravelly alluvial terraces tend
to shed the atmospheric water excess by a combination of soil drainage to the underlying water table and
occasionabverland flow. Less permeable, high relief land surfaces such as hills tend to shed the atmospheric

excess byunoff and overland flow. The mostly low relief and foreseedy K A y tatcluzent tends to have

large areas of perennial wetlands and saturated soils (Pakibia result.

1 Macara, 2016. The Climate and Weather of West Coast.
2t F1UAKA 2NJ LIpD1TAKA A& + @S3sSidrtidazy
FElLG 02338 f+FYyR 6AGK AYFSNIALSE

F4820AF0A2Y
g GSNI 233SR az2Af

heath,characterised by very infertile soils with an impervious horizon and little or no peat.
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Table4-4: Mean monthly and annual water balance fd'50 mm ®il moisture capacity at Hokitikgmm)

Parameter Jan | Feb | Mar | Apr | May | Jun | Jul Aug | Sep | Oct | Nov | Dec | Annual
DE 2 2 1 0 0 0 0 0 0 0 0 0 4

ND 0 1 0 0 0 0 0 0 0 0 0 0 1

RO 135 | 84 133 | 190 | 218 | 230 | 199 | 200 | 211 | 204 | 154 | 157 | 2116
NR 7 5 8 11 14 13 13 13 14 13 9 9 127

Note: The valueselating to the soil moisture balance are abbreviated with the following two letter acronyms:
DE = average amount of soil moisture deficit (mm)

ND: average number of days on which a soil moisture deficit occurs

RO: average amount of runoff (mm)

NR: average number of days on which runoff occurs.

4.4 Soils

The New Zealand Soil Classification maps the soils aitth@sSandy Brown soil8rown Soils have a brown or
yellow-brown subsoil below a dark gréyrown topsoil. The brown colour is caused by thin coatings of iron oxides
weathered from the parent material. Brown Soils occur in places where summer drought is uncommon. They
have relaively stable topsoils with welleveloped polyhedral or spheroidal structuaad low to moderate base
saturation. Clay minerals are dominantly mica/illite and vermiculite. Soils contain large, active populations of
soil organisms, particularly earthworma.terms of lithology, sandy Brown Soils are dominated by sand or loamy
sand to depth.

4.5 Geology

The basement geology of thlananui Area is thought to be granitic intrusions of the Hohonu Batholith,
although the basement is obscured by Cenozoic sediments and Late Pleistocene glacial outwash deposits in the
immediate area of the project area. Outcropsmofiddy sandstone of th&lue Bottom Group are found on the

north bank of the lower Hokitika River. Similar outcrops are mapped in the south bank of the Totara River to the
south ofMananui It is a reasonable inference that the Late Cenozoic Blue BdBmup is the probable geo
hydrological basement dflananui however the surface geology is dominated by Late and Middle Pleistocene
outwash deposits related to the advance and retreat valley glaciers. In fact, the bulk of the Middle and Late
Pleistocene sand and gravel sheets are related to the collapse of sagiacier complexes and the outwash of
glacial debrisThese outwash sheets comprise heterogeneous gravel, sand and silt in river sandy gravel deposits.
Locally significant till deposits are alsothe east of Lake Nhinapua andt 1 ¢ K| NB ¢ K | NB

Theore depositsare found within accumulated beach and sand dune deposits lain down in the last 14,000 years,
probably the last 8,000 years before present (BPhe deposits between the modershoreline and

¢ n g Kl NBak knapNds as Holocene shoreline sand, with minor gravel and silt (GNS, 2022). Loitlly the
has been drillogged and geologically described (Sephira Environmental,&20T®e derived stratigraphic
pattern is outlined irrable4-5, which isan aggregate description of local superficial geology to a depth of 20 m
based on exploration undertaken the site
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Table4-5: Local Stratigraphic Descriptions from Sephira Environmental (2019a)

Approximate Lithology Typical Description
Depth Ranges

From Omto 4¢ 6 | Fine to coarseand (ore sand) | Subangular medium to coarse sand (fine near the
m BGL surface), with varying quantities of gravel.
Transitions from well to moderately graded with
depth. Max grain size ranges from 28 mm

From 4¢6 mto Fine to medium gravel and silty Subangular fine to medium poorly graded gravel,
10¢ 12 m BGL sand (alluviatthuddygravel) andcoarse sand with trace silt

From 10c 12mto | Fine to medium sand Silty fine to medium sand with mica

10¢13 m BGL

From 10¢ 13 m Fine to coarse sand and grave| Sandy gravel with trace silt or clay
t0 13¢ 16 m BGL

From 13¢ 66 m Gravelly sand and silt Interbedded or gradational beds of Gravelly mediy
to 15¢ 20 m BGL to coarse sand; fine to medium sand and silt/clay;
and silt

Table4-5 and a geological profile in Sephira Environmental (2019a) from west to east across the northern edge

of the site describethe depositas a finecoarse grained sand deposit lain down by wave and aeolian dune drift

to a variable depthwith anapproximate elevation of 1 m AMSL. Below this elevasmmdy gravel predominates

withF RYAEGdzNBa GKIG O2dz R 6S RSAONAXROSR & WYdzZRRE8Q 3IANI @€
MSL. At depth, to elevations €6 m to-10 m MSLthe dominant lithology grades towards sand with minor fine

gravel and silt (including mica).

¢ n ¢ K NEBrindlng tdsite has associated low energy fine alluvial and wetlands deposits. Given the sharp
truncation of the Holocene shoreline sand to dune deposits on the west bank of the creek, erosion by-a proto
¢ 0 ¢ K| NBnagt hakeFbeen active in the establishment of the current creek gradient.

4.6 Hydrology

4.6.1 Areahydrology

TheMananuiarealies within thea n K A y ¢atchomkent comprising the tributaries of Oglivie Creek, Frosty Creek
(into Lakea n K A y)| Sahtistone Creek, Cowan Creek and Fishermans @reek 1 ¢ K I NBwhikHhai®

an aggregate catchment area of 71.4 square kilometres?)(kifable 4-5 illustrates the sukcatchment
configuration of thea n K A y tatcldrient. TheMananuiareaalso lies on the edge of up five very small(34

to 70, ha) sealraining catchmentstwo of which lie abreasthe site Thevery wealty developed creek drainage
network is also suggestive tife siteand seaward land being largely draingd the groundwater system.

Thea n K A y tatchtdent has its highest point at Overlook Hill with an elevation of 169 m AkikBith a
watershed with the lower Hokitika River main stem near Kokat@hé middle and lower catchment drains
glacial till and outwash terraces west of Rimu Township. Most of the catchment is of low relief and most of the
creek gradient fall is expended by Lake K A Y, whidizhas a lake elevation of only 4 m AM$luHarewhare
begins at the outlet of Lakee n K A y &andfldg¥s north-north-east to enter the Tasman Sea aetHokitika River

Bar.
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Lake Mahinapua catchment (3,070 ha)

ey Upper Mahinapua Creek catchment (290 ha)
Cowan/Sandstone Creek catchment (1,500 ha|
Lake Tarleton catchment (450 ha)

Fishermans Creek catchment (1,210 ha)

......

Golf Links Road catchment (180 ha)

Figure4-4: Approximate catchment mapping withia n K A y kalcdatent[Source: Sephira Environmental
(2019a)]

Thea n KA ¥ katddatentis ungauged although estimates have been made as to the likely catchment
KERNRf 238 dzaAy3 b L-éalchnént corRelaliv$ withirt tifleRNZ ®RN& #Maps (Whitehead &
Booker, 2020)Table4-6 lists mean, median, Mean Annual Low Flow (seday), One in Five Year Low Flow and
Frequency of 3x median flow events (FRE®igure 4-5 provides an estimated flow duration curve for
¢ N ¢ K| NBadthelowd of Lake n K A Y énltiézsoutheast edge dhe site

3 The average number of events per year that exceed three times the median flow (events/year).
22 | KSL




Table4-6: Hydrological statistics int 1 ¢ K I NSaf tke LB Outlet and Hokitika Bar sité$Vhitehead &
Booker, 2020)

Estimated Hydrological Stattic | Lake Outlet Hokitika Bar
Upstream Catchment (kfn 30.7 71.4
Mean Flow(m?/s) 1.09 3.05
Median Flow(m?/s) 0.774 1.512
MALFd4(md/s) 0.177 0.346
1in 5 Year Low Flogmn3/s) 0.106 0.197
FREQ@No. per year) 31.3 events per year 31 events per year
15§ yearlowilow — 7T-dayMALF — Median Mean
10.00
% 1.00
E
S
£ om0
L
0.1
0 25 50 75 100
Time not excesded (36)
Fow durasion curve for nzsegment: 12089992

Figure4-5: EstimatedFlow ¢ Duration Curve for¢ 1 g K I NSagtKelLak® Outlet site

TheHokitikaarea lacks gauged hydrological recoadssomparable catchments ta n K A y.[Apgdzkimately

14 km to the east from the Laken K A y OutlédzButchers Creek at Lake Kaniere Road has had a flow recorder
site sincel972and alsoa watershed at comparable altitude, relief and aspecttté ¢ K I NB Bh& maids
differences are thathe Butchers Creek catchment sizdenth of ¢ 1 ¢ K I NBattlhe lOMBtand the flow in

¢ n g K| NBwmil K shidewhat moderated by thstorage buffering ofipstream Lake n K A Y. [Butdters
Creek at Lake Kaniere Road neta longterm specific MAL& of 3.36 L/s/km, versus5.76L/s/kn? estimated

in the NZ River Maps fdr n ¢ K I NXagthie llakeButlet.

4.6.2 Global ResourceSurface WateiModelling

Global Resources made a hydrological evaluation and model foa theK A Yy tatclirient on 16 May 2016
(Sephira Environmental, 2019a). This included collating precipitation data, calibrating-ldMHEainfallg

NHzy 2 FF Y2RSft Qa OdzNBS ydzYoSNE FyR SaldAYlFGAyYyITBeHE®zy 2 FF
HMS model was calibrated to a single flow gauging at the Mananui Tramway footbridge and derived weighted
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curve numbers for the upstream Laken K A y antlddz ¢ K | NRa@dhmheN. The weighted curve number
(also known as SCS Curvey Numbers) are listealle4-7 below.

Table4-7: Weight Curve Number (CN) developed by (Sephira Environmental, 2019a) for upstream catchments

Catchment Name Area (k) Weighted Curve Number (CN)

Lakea n K A y Catddatent 30.7 55.6
Uppert¢ n ¢ K I NBCatéhmens 2.9 57.3
Cowan/Sandstone Catchment 15 56.2

4.6.3 Site hydrology

The thintopsoil, coarsegrained suksoils and shallow relief of the site terrain mean that a significant proportion
of effective rainfall (i.e. rainfall minus evapotranspiration) is likely to seep to the water fHfnlewas apparent
duringour site visit on 31/05/23 which was preceded bseveral days of highainfall (see below) ponded water
was present in hollows, and runoff was observed in the magrland flow pathwaysbut elsewhere the ground
wasgenerallywell drained with no waterloggingThe seasondtigh elevation of the water table is lower than
the invert of site drainage featurdsee discussion belovand hencesurfaceflows and static water present on
the land surface are the product of rainfall and runoff only, with no baseflow support from groundwEes.

is consistent with anecdotal accounts of surface water being only intermittently present on the site.

The main runoff pathways and swatchments within the site boundary Figure4-7 divide the site into two
hydrological units and two subnits:

1  Effective rainfalfalling on the western half of the site infiltrates to ground with some areaperfiodic
surface ponding because the land here, other than the very localised topography, is effectively flat.

1  Much of the precipitation falling on the eastern half of the site also infiltrates to ground¢dmstructed
drainshere (see belowxonvey runoff tot 1 ¢ K I NXvia &b iNdions through the embankment along
the eastern border of the sitéseeFigure4-7):

- Runoff from thenortheastcorner of the sitg~28 ha¥ollows asouth-north and then northsouthrunoff
pathway to¢ n ¢ K I NXia & ¢dulNg& constructed through the embankment

- Runoff from thesoutheastcorner of the sitg~18 hayischarges t& n ¢ K | NBiatid chidStructed
drain shown on the 1988 aerial photogragfiqure4-8) referred to as the Southern Drain and Central
Drainwhich cut through the embankmentiaa small, steeply incisedattificial drain, referred to as the
Cut Observations of water flow in drainage channels during a site visit on 31{8&3Figure4-10)
indicate that agreater proportion of effective rainfall rigoff from the southeastcorner than from the
northeastcorner, possibly due to slightly higher gradients on the land to the south

Our review of aerial photographimdicates that there is no natural surface water drainage within the site
boundaries. The drains in tls®utheastcorner appear to have been constructed around 1980, ad-fiprre4-6
below. The absence of vegetation around the drains in the 1981 aerial photograph suggestairage to

¢ n ¢ K NBrankithe Ndtheastcornerof the sitewere alsaconstructed around this time. Prior to installation

of thisdrainageit is likely that water ponded on the sandy soils for relatively short periods of time after heavy
rainfall before infiltrating tathe water table 23 m below the ground surface.
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Figure4-6: 1981 aerial photograph showing newly constructed drains in southeast corner of site

The NZ River Magpplication(Whitehead and Booker, 2020) includes fauodelledlocal streamswhich drain
land with the same hydrological characteristics as the site, as showigume4-9. Although these streamare
inferred from DEM data and heneeay not actually be preserfthe stream shown running to the coast from
the northern end of the site is not present, for instanddle modelled flow rates for these catchmer{taean
flow =0.43 L/s/hamedian flow=0.21 L/s/hg nonetheless provides a useful indication of potential runoff rates
for the land slope, soils and climate in this locati®pplying the modelled rates the catchment areas for land
draining to¢ N ¢ K | NXyiestheMdBdelledflow rates inTable4-8 below.

True runoff ratesre lower thanthe modelled valuebecause the gradient of the land is very low. The modelled
rates are based on land with a gradient of <0.02 whilst the gradient of runoff pathways on the site is. <0.004
Infiltration to ground is therefordnigher than the modelled flow rates account fafisual observations recorded
during a site walkover survey on 31/05/20Fdure4-10) gave flow estimates of <0.5 L/slaication3 and1-3

L/s atLocationd. Locationd is upstream oEocation3 and has a smaller catchmefithe flow reduction between
Location 4 and Location 3 reflects seepadavater from the stream bed to grountietween these locations.

This is consistent with the stream inveat these locations being approximately 2 m above the water table
elevation at Location 3 ane3 m above the water table at Location(l3ased on interpolation of groundwater
level readings in the piezometer netwrk

The HokitikaAirport weather station#3909) recorded 180 mm of total rainfall and 173 mm total runoff for the
5-day period prior to and including 31/05/23. The latteeguivalentto the 99" percentile total 5day runoff for
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the 1/1/2000¢ 31/5/2023 period and hence the flows observed on 31/05/23 were much higher than average
or median flow rates. This confirms that the modelled flow rates in the NZ River Map application are much higher
than true flow rates due to water seepago ground on this low gradient terrain. Best estimate flafs 1 L/s

are provided inTable4-8 accordingly.

Table4-8 Modelled runoff rates for runoff from the eastern half of the site

Modelled Best estimate Modelled Best estimate

Mean L/s 12 <1 8 <1

Median L/s 2.5 <1 1.6 <1
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Legend

[ Mining area

=1 Mahinapua sub catchment
— Main runoff pathways

™1 Mahinapua tributary catchment

Piezos
e Investigation & monitoring sites

@® Domestic wells

Site catchments and local wells
4 Project name: Mananui Mineral Sands Project
\§,( A 10/23
Date: 05/
KS L | D 0.3 0.5 km
Komanawa Solutions Ltd [ — Client: Westland Mineral Sands Company Ltd
Figure4-7 Site drainage, investigation locations and domestic wells

27 | KsL



D Mine boundary

Main runoff pathways

Site drainage - 1988

Project name: Mananui Mine

8/
KS L\:\Z Date: 18/09/23

Kémanawa Solutions Ltd Client: Westland Mineral Sands Ltd

Figure4-8 Site drainage in 1988
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Figure4-9 NZ River Map modelled streagh(yellow polylines)

4 Seepreceding discussion regarding the presence of these modeled watercourses
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Legend

D Mine boundary figure
"1 Mahinapua sub catchment
— Main runoff pathways

1 Mahinapua tributary catchment
. %/

Project name: Mananui Mineral Sands Project

Date: 05/10/23

Komanawa Solutions Ltd Client: Westland Mineral Sands Company Ltd

View looking soutlsouthwestfrom location 6

Figure4-10 Photos of south east site corner hydrologfter heavy rainfall




4.7 Groundwater Resources

We are aware of three domestic supply wells within the vicinity of theasitperFigure4-7. We understand that
these wells comprise augured boreholes which penetrate ~2m below the normal water table orfatzively
shallow depths less than 8 m BGL

The closestregistered water supply borns locatedata n K A y Hotdtbproximately 1.4 km south of the site
The township of Ross is closest networked community water supply with groundwater as the primary source.
The closer Hokitika and Lake Kaniere water supplies are both provided by surface water.

The current state of knowledgef York Blockhydrogeologyhas largely ben derived from the 2016 2022

investigations by Sephira Environmental arldnianawa Solutions. A total of 21 piezometers were installed
across the wider landform centred dhe site, plus four larger diameter (100 mm ID) pumping test bores were

temporarily installed in the period 2016 to 2019 (Sephira Environmental, 2019a). Manual measurements of
groundwater level, aquifer testing and groundwater samphmgre undertakenin 2019. Autorated, digital
logging of groundwater level was undertaken in selected piezometiensg the¢ n ¢ K I NBitokal fid®B
2022to present

The ground is fully saturated from elevati&melow?2.2-3.0m AMSL depending on the location of the measuring
bores relative to the Tasman Sea orn ¢ K I NJ wifich fofn the main discharge boundaries to the

groundwater system. Groundwater gradients and flow are generally west to seesh through the shoreline
sand deposits, and presumably also the underlying gravelly layers (Sephira Environmental, 20t9aabiéa
contouring for September and November 2019 noted the presence of an apparently persistent groundwater
divide between theoredominantgradient towads the sedacked onto amall strip of the groundwater system
grading southeast towards h ¢ K I N SephiraNEBvironmentabid). A more detailed evaluation of the local
groundwater system is provided in Secti®&n

4.8 Baseline vater quality

4.8.1 Surface water quality

Water quality samples were collected as part of the initial site investigation by Sephira Environmental. A surface

water quality sample was taken fromn ¢ K | NBog RIP W& 2016, and then five surface water samples

were taken from different areas alorign ¢ K I NJb@ K'NEJBmber 2019; these sites arefaiows andare
shown inFigure4-11.

¢hoKE NBaKE NBF YLIE SR 2y Hd WdzyS wnamc 2y | &Ay3fS

Subsequently od7 November 2019, surface was sampled as follqws

1

= =4 =4 =4

Lake Mihinapua at camping ground (Sephira Site 7;3W

Lake Mihinapua beach walk (Sephira Site 8,-8V

¢ N 6 K| NBapGatewals (Sephira Site 4, S)V

¢ n g Kl NBRawgTkamheg Bridge (Sephira Footbridge Site 3;23W
¢ N ¢ Kl NBawpHighwags(Sephira Site 1, S)W

Two groundwater samples were collected, one from H&&Cand one from HSSID4. The sample suite and
resultsfrom both the surface and groundwater samplke® shown below iTable4-9. Only total metals were

tested for in these initial sampledissolvedconcentrations were not determinedEnvironmental standards are
set for dissolved rather than total metal concentrations; total concentrations include metals bound within

suspended sedimenin the sampleand hence total concentrations are aften correlated with suspended
sediment concentrationsTotal concentrationgannot be directly equated to the potential for stream health

effects, other than providing an upper limit for potential dissolved concentratidnssamples with very low
suspemled sediment concentrations, dissolved and total concentrations should be similar.
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The analysis of the 20162019lab results from surface water and their comparison against a relevant standard
(ANZECC 2000 Freshwater 99% level of protection & 95% of species), retetalecdoncentrations in

¢ n ¢ K| NBdutinelN&ceeded thalissolved concentratiorireshwater guideline concentrations for pH,
total chromium, total cobalt, total coppeand total zincThis is likely to relate to the presence of suspended
sediment in the sampledhe creek water was also enriched in aluminiinor, and manganese, probably as a
result of seepage contributions from the upstream catchments groundwater and wetl&idsn the absence

of land disturbance in the catchment, the presence of these constituents is a naturally occurring phenomenom.

SURFACE WATER ELEVATIONS

29 Nov 2019 = 1.20 m asml

12 August 2016 = 1.07 m amsl|
29 Nov 2019 =1.42 m amsl

P D e

7 Oct 2019 = 2.49 m amsl

17 Nov 2019 = 2.72 m amsl|

o1 (5w 2009y

"2

29 Nov 2019 = 218 m amsl

¥

]
’

Propo;!d ngtiapur

b !

7 Oct 2019 = 2.53 m amsl Garnet Project

29 Nov 2019 = 2.25 m amsl
29 Nov 2019 = 2.27 m amsl

; 4 (SW-1, 2016; SW-5, 2019) 4 .
12 Aug 2016 =1.82 m ams|  / S i TN
29 Nov 2019 = 2.29 m amsl//{~ 1 1
; RN : |
12Aug2016=183 manisl | @8 (SW-4,2019) L
: A / . | F \ '\ i \ {" d
hg7(sW-3,2019) U e e b (A

i ;5”5; Bl s _i!lii!iﬁﬂ

Figure 4-11: Sephira Environmentakurface water monitoring locations [Source: Sephira Environmental
(2019b)]
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Table4-9: Waterv dzI t AG& FylFf&idaoll NB & dzf (& F 2B\Froinddahila BErSirommenia@OLDb)inyeRtigaid® dzy R+ 6 SN 6 a | { { /

pH Units

(EC) mS/m
20.20

g/m3

g/m3 0. 000055 0. 00018 0. 000059 0.0013

g/m3

0.113

g/m3
0.0084 0.015 0.012 0.026

g/m3
- - - 0.000041

5 Note that these values are not comparable to environmental guideline values, which relate to dissolved rather than ttitakodsis
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More recently, surface water grab samples were taken fiorn ¢ K | NJawgthie lgaekvay site on 29 July 2022,

25 August 2022and 8 June 2023 single sample was taken from the farm drain dischargingtimog K I NB & K | NB
near the Gateway site on 25 August 2022. The analysis focused on dissolved concentrations in contrast to the
2016¢ 2019 samplesThese results are shown irable4-10.

The¢ n ¢ K I NBwvatér bamfles from the 20223 period indicated the creek was stable in its hydrochemistry

and relatively dilute, with a Total Dissolved Solids concentration between 33 and 40 The pH ranged
between 6.4 and 6.7 units across the three samples. Dissolved aluminium, boron and zinc concentrations
exceeded the ANZECC, 2000 guidelines, primarily for 99% protection level. The creek water had very low
dissolved inorganic nitrogen (DINpncentrations and moderately elevated dissolved reactive phosphorus
concentration consistent with anoxic release from wetland sediments.
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DWSNZ MAV
(health, 2022)

DWSNz

ANZG 99

(aesthetic, percentile DGV

2022)

(2023)

0.00006

0.00002



¢ngKI NBg K ¢hgKENBgK DWSNZ MAV  DWSNZ ANZG 99
25/08/2022 08/06/2023 (health, 2022)  (aesthetic, percentile DGV
2022) (2023)

(TOC) g/rh _ _ _
11.3 13.9

< 0.00005 0.004 _ 0.00006

< 0.00005
X nodo

g/m3 _ X ™ 0.024

0.0067 0.0034

Note: values highlighted imed are those that exceed the ®% protection of specieBNZGDefault Guidelines Values (DGWaluesunderlined exceed the DWSNZ aesthetic threshold and valuegalics exceed
the DWSNZ health standards.

L34

n g K| NBvatér ety readings were initiated in September 2023: the first reading on 27/09/23 gave a back disk clarity af 0.85 m
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4.8.2 Groundwaterquality

The evaluation of groundwater quality began in April 2016 with the taking of 12 samples of groundwater from
the airlift discharge of an Ai€Core (reverse circulation, RC) drilling rig primarily sampiineg Groundwater
sampling and analysier pathogen bacterial indicators and physibemical parameters (E coli, total coliforms,
pHandsalinity; plustotal suspendedsolids, electrical conductivity, turbidity, acidity and total alkalifiéty two
sample$. The sampling of groundwater between the coastlared ¢ 1 ¢ K I NBoh khkedlBection lines
crossing theStewartand York blockd y RA O 4§ SR G KIF G GKS O2Fraidlf LXIFAYQa
essentially entirely fresh groundwater (Sephira Environmental, 2019b).

Two baseline groundwater quality samples were taken on 30 June 2016, one sample fro@03$8@inthe

site, in the southeast extreme of the blo¢kephira Environmental, 2019khese are shown ifable4-9. In
addition, a50-hour duration pumping test was conducted, which included repeated measurement of physio
chemical parameters; electrical conductivity, salinity and pH to assess the stability of these parameters as
indicators of the wider distribution ajroundwater dissolved constituents.

More recentlytwo roundsof groundwater samplingvere undertakenin three piezometerson 08/06/23 and 10
piezometers on 21/09/23The locations of these are shown Figure4-12. The sampleresults are shown in
Table4-11andTable4-12.
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® Domestic wells

’ June 2023 WQ sampling

&) september 2023 wQ samplng

—— WT Contour 0.25m 2019

P

2023 groundwater sampling locations

Project name: Mananui Mine

8/
KS L j__:/ :0:1100 " Date: 05/10/2023

Komanawa Solutions Ltd Client: Westland Mineral Sands Co Ltd

Figure4-12: Locations of goundwater boressampled in 2023
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Dissolved concentrations are compared to the New Zealand Drinking Water Standards (health & aesthetic) and
the ANZDGVin Table4-11, given that groundwater in this area is used for drinking water in the Mananui area
and also discharges to tiien ¢ K NB g K I NB

All three Junesamples exceed the 98 of speciegprotection ANZGDGVfor aluminium, and one exceeds the
DWSNZ aesthetic threshold. The sample from FHHE8@lso exceeds the 9specieprotection ANZEDGVfor
copper and zindrive of the nine September 2023 groundwater samples exceed the aluminium threshold, two
exceeded the zinc threshold and one sample exceeded the copper thre§hadd.exceedances are common in
shallow groundwater on the West Coast due to low groundwater oxygenation and abundant argaaital in
alluvial aquifers. However, the lower pH and lower levels of oxygenation indicated by the elevated
concentrations of dissolved iron and manganese are indicative of the abilitysiti groundwater to dissolve

and transport metals. It is noteworthy that the concentrations of aluminium, copper and zinc in the groundwater
are less than or similar to concentrations in ther 4 K| NB ¢ K | NB

Nutrients as nitrogen and phosphorus are in low concentrations, other than contrastingly moderate
concentrations of ammoniacal nitrogen, nitrite nitrogen and TKN in bore 88&CTotal Dissolved Solids,

chloride and sodium are at low concentrations imnadinitoring bores not significantly higher than the adjoining

¢n oKl NBGvwhtheBteQd O21 adlrft FaLlSodz asSk aLINI} @& Ay NIAYyTFIFf¢
resulted in higher solute concentrations than evident in groundwater samples. IGlegroundwater
concentrations are potentially indicative of high land surface recharge
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Table4-11: Groundwater sample resultéor bores sampled on 8 June 2023

DWSNZ DWSNZ ANZG 99
(health)  (aesthetic) percentile
DGV (2023)

meq/L

B - -
3
<0.00010 _ _ 0.00002
. -
- 0.01 _ 0.0008
2.4 _ 0.34
0.004 _ 0.00006
0.05 _ 0.00001
2 x 0.001
_ XK ono _
0.01 0.001
0.4 X ¢ 1.2
0.08 _ 0.008
g/m3 ] _ X ™ 0.024

Note: values highlighted ined are those that exceed the 9% protection of speciedANZGDGV, valuesunderlined exceed the DWSNZ
aesthetic threshold and values italics exceed the DWSNZ health standards
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Table4-12 Groundwater sample results from 21/09/23

Analyte Units HSS@O03 | HSS@18 = HSS@25 | HSS@27 | HSS@30  HSS@32 | HSSM33 | HSS®36 | HSS@40 | HSS@43 DWSNZ DWSNZ  ANZG
(health)  (aesthetic)
Sum of Anions megjL 0.59 0.80 0.63 0.78 0.84 0.82 0.85 0.74 0.90 0.61 _ _ _
Sum of Cations meq/L 0.57 0.88 0.62 0.77 0.86 0.80 0.83 1.1 0.88 0.59 _ _ _
Turbidity NTU 12.3 1.65 51 0.29 14.3 35 25 97 47 115 _ X p a
Bil pH Units 59 6.1 6.6 6.5 6.8 6.4 6.8 6.7 6.5 6.4 _ 7-85 _
Total Alkalinity g/m®as CaC® 7 18.6 14.3 16.7 25 27 20 16.7 18.2 11.3 _ _ a
Bicarbonate gim®at25°C 8.6 23 17.4 20 30 33 25 20 22 13.7 _ _ _
Total Hardness g/m®as CaCQ 13.7 20 19.6 28 31 26 25 43 27 16.2 _ X HAn
Electrical Conductivity (EC) mS/m 7 9.4 7.1 8.9 9.2 8.7 95 8.4 10.2 71 _ _ _
Dissolved Calcium g/m3 3 48 6.9 9.9 10.9 8.9 8.6 15.6 7.3 5.1 N N _
Dissolved Magnesium g/m3 1.51 1.94 0.58 0.71 0.84 0.93 0.91 0.94 2 0.85 _ _ _
Dissolved Potassium g/m3 1.14 2.9 1.98 1.7 2.7 0.6 36 1.99 3 35 N N _
Dissolved Sodium g/m? 6 5.9 4 4.1 3.9 6 4.8 4.2 6.1 4 _ XH AN
Chloride g/m3 10.6 11.1 3 6.2 7 3.1 7.1 6.7 8.8 6.6 B Kepn
Nitrite-N g/m? <0.002 0.003 <0.002 <0.002 0.005 <0.002 <0.002 <0.002 <0.002 <0.002 0.92 _ _
Nitrate-N g/m3 1.35 0.21 0.78 1.51 0.49 1.25 1.78 1.59 2.1 1.05 11.3 _ _
Nitrate-N + Nitrite-N g/m? 1.35 0.21 0.78 1.51 0.5 1.25 1.78 1.59 2.1 1.05 11.3 _ _
Sulphate g/m3 2.4 48 10.1 7.7 53 5 56 5 6.6 5.9 _ Kowpn
Dissolved Aluminium g/m3 0.074 0.4 0.009 0.014 0.049 0.039 <0.003 <0.003 0.03 0.01 1 Keonom 007
IESEEE AR g/m3 <0.0010 <00010  <0.0010 <00010 <0.0010 <0.0010  <0.0010 <0.0010 <0000 <0.0010 0.1 _ 0.0008
DiEsalEe B g/m3 0.008 0.009 0.007 0.007 0.008 0.013 0.008 0.007 0.008 0.007 2.4 B O
Dissolved Cadmium g/m3 <0.00005 <0.00005 <0.00005 <0.00005  <0.00005 <0.00005 <0.00005 <0.00005  <0.00005 <O0.00005 0004  _ 0.00006
Dissolved Chromium g/m3 <0.0005  0.0009 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.005 <0.0005 <0.0005 0.05 5 0.00001
DESSLE g/m3 0.0005 0.0039 <0.0005 <0.0005  0.0007 <0.0005 | <0.0005 <0.0005  <0.0005 <0.0005 2 S 0.001
LGl el g/m3 <0.02 2.2 <0.02 <0.02 0.05 <0.02 0.05 <0.02 0.02 <0.02 B Ko
Drssinlzdl Lizad Sl <0.00010  0.00035 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 < 0.00010 0.01 0.001
Dissolved Manganese g/m3 0.4 X o nc 1.2
0.0027 0.62 0.0036 0.0025 0.0066 0.036 0.005 0.34 0.054 0.022
Dissolved Nickel g/m3 0.0006 00014 = <00005 <0.0005 <0.0005 <0.0005  <0.0005 0.0029 00013 <o0o000s 008 = 0.008
Dissolved zinc g/m3 0.0015 00039  <00010 <0.0010  <0.0010 0.0012 074  <00010 <0.0010  <0.0010 = Kow 0.024

Note: values highlighted imed are those that exceed the 99% protection of species ANZG DGV, vahdeslined exceed the DWSNZ aesthetic threshold and valuegélics exceed the DWSNZ health standards
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5 CONCEPTUAL HYDROLOGICAL MODEL

5.1 Hydrogeologicabatainventory

5.1.1 Piezometers andest bores installed

A total of 21 piezometers were installed across the wider landform centratenite, plus four larger diameter

(200 mm ID) pumping test bores were installed in the period 2016 to 2019 (Sephira Environmental, P04 9a).
2016 and 2019 sonic method drilling campaigns provided for the installation of seventeen (17) x 50 mm diameter
piezometers acrosthe site plus 3 x 50 mm diameter piezometers on the Stewart Block to the west on the
opposite side of SH6. In 2019, four larger diameter test bores weredldhd installed at three separate
locations in the northeast, middle and southwestloé site

Test bores HSSC047 and HSSCO035dvidlesl adjacent to each othein the northeastdue to the loss 0HSSEC

035 from heaving san®nly HSS047 was successfully pump testfiaest bore HSS®41 was located towards

the middle of the block. Test bore HSSC046 was located towards the southwest corner of the block, adjacent
to SH6and the site of a trench injection tesest bores were configured as 100 mm diameter casing with a
telescoped stainless steel slotted screen installed over 2 m at the base. The test bores were temporary and
were removed following pumping tests to recover materials. In a couple @rnss, test observation bores

were drilled and installed in 50 mm diameter at 15 m or 2@istancesrom the test pumping bore due to the

lack of existing piezometsto observe aquifer drawdown during the tests

Table5-1 summarises the final construction details for the piezometers and test bores on York and Stewart
blocks.

5.2 Hydraulic testing

Three forms of hydraulic property testing were undertaken; pumping (aquifer) tests, slug tests and trench
injection tests (Sephira Environmental, 2019a). The pumping tests were-putripsts where groundwater was
discharged to ground or farm drain so ast o interfere with test measurements. The trench tests were short
injection tests where the water was obtained from either adjacent trenches or in one case an adjacent pumping
bore. The slug tests were conducted in three piezometers using a 30 mm diastetebar as slug, and pressure
transducerg dataloggers set to small time intervals.

5.2.1 Pumping tests

Three pumping tests were undertaken in September 2019. The target intervals for aquifer testing were the
muddy gravel deposits beneath the ore sands (Holocene shoreline sand deposits) due to the difficulty in
developing vertical test bores screened acrthgsore sands thawvill sustain adequate flows of groundwater in
response to pumping with an electric submersible pump. Nonetheless, the interpretation of the test data using
the multi-aquifer, time series analytical element method analysis technique geovestimates of hydraulic
properties for all material layers influenced by the test.

The construction of test bore HS8B85 suffered a screen setting failure leading to the screen being entirely
intruded by fine sand. It was abandoned as a test bore and a replacement test boreq#H8S@s drilled and
installed at the slightly shallowalepth of 7 m BGL.
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Table5-1: Piezometer and Test Bore Construction Dimensions

Piezometer | Northing | Easting | Total Measurin | Ground Screened Interval
(m NZTM)| (m NZTM)| Depth g Point| Elevation | (mBGL
(mBGI) Elevation | (m AMSL)
(m AMSL)
HSSCO003 5261333 | 1429326 | 11 9.75 9.66 6 to | 9
HSSCO004 5261627 | 1428282 | 8.9 5.61 5.38 59 |[to | 8.9
HSSCO016 5262575 | 1429147 | 9.3 5.94 5.87 53 |to | 83
HSSCO017 5262573 | 1429146 | 20 5.95 5.9 17 | to | 20
HSSCO018 5262267 | 1429717 | 7 5.44 5.34 4 to |7
HSSCO019 5262763 | 1429160 | 8 6.79 6.74 5 to | 8
HSSC024 5262851 | 1429413 | 12.2 5.72 5.74 6.6 |to | 9.6
HSSC025 5262851 | 1429413 | 6.1 5.72 5.78 26 |to |56
HSSCO027 5262736 | 1429590 | 10.6 5.61 5.66 4 to | 10
HSSCO030 5262603 | 1429858 | 10.6 4.1 4.16 3 to |9
HSSCO031 5262587 | 1429926 | 10.6 551 5.74 42 |to | 10
HSSCO032 5262586 | 1429927 | 6.5 5.59 5.57 34 |to | 64
HSSC033 5262644 | 1429766 | 10.6 7.95 8.03 8 to |11
HSSC034 5262631 | 1429771 | 8 7.88 7.95 6 to | 8
HSSCO036 5261932 | 1429700 | 12.1 11.96 12.03 11. [ to | 12
3

HSSCO037 5261932 | 1429701 | 11 11.91 12.01 9 to |11
HSSC040 5261886 | 1429133 | 20 6.59 6.71 9 to |11
HSSC042 5261865 | 1429147 | 10.5 6.13 6.21 85 |to |11
HSSC043 5261451 | 1428950 | 9.1 6.3 6.36 71 |to | 9.1
HSSC044 5261442 | 1428688 | 12.2 7.37 7.71 76 |to |11
HSSC045 5261434 | 1428673 | 10.6 6.55 6.89 76 |to |11
HSSC035* | 5262640 | 1429775 | 8 Test Bore | 7.7 6 to | 8
HSSC041 5261873 | 1429126 | 10.7 Test Bore | 6.57 93 |to |11
HSSC046 5261446 | 1428678 | 9.1 Test Bore | 5.08 6.7 |to | 9.1
HSSC047 5262654 | 1429783 | 7 Test Bore | 4.74 5 to |7
Notes: 1. Coordinates are in terms of NZ Geodetic Datum 2000 (NZTM).

2. Depths are in metres from grousdrface (i.e., BGL).

3. Elevations are in metres above mean sea level. NZVD2016 Vertical Datum.

4. Test bores shaded blue. Removed at test completion.

* Test bore HSSCO035 filled with fine sand and failed to pump groundwater. Substituted

slightlyshallower HSSC047
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Table5-2: Summary of pumping test information and settings

Test on HSS@AL | Test on HSS@46 | Test on HSSTA7

Static DTW (m BGL) 4.7 5.6 3.0

Test bore Depth (m BGL) 10.7 9.11 7.0

Test bore Screen Interval (m) 14 241 2.0

Mean duration of pumping (min) 850 1,357 981

Mean Flow Rate (L/s) 1.71 3.32 0.21
Observation bore HSS®40 HSS®45 HSS®33
Observation bore Radius (m) 15 124 20.5
Observation bore Depth (m BGL) 11 10.6 10.6
Observation bore Screen Interval (m) | 2.0 3.0 2.6

Time series measurements of bore flow rates and water levels corrected to net drawdown were used to interpret
the three tests. The Analytic Element Method modelling package named AnAgSim was deployed to match the
observed and modelled aquifer drawdown fovo discrete materials layers, ore sands and muddy gravels. This
permitted the interpretation of the test observations in terms of the discrete hydraulic properties of these two
layers.Table5-3 outlines the results of the pumping test analysis, providing estimates of the horizontal hydraulic
conductivity and transmissivity for both the ore sand and muddy gravel materials layers. Storage coefficients

were derived for ore sand specific yield, camdal storativity and horizontal / vertical anisotropy.

Table5-3: Summary of Pumping Test Analy&esultsusing AnAgSim

Test on HSSUA41 | Test on HSSQ46 | Test on HSSUA7
OreSandHorizontal Hydraulic 72 317 14
Conductivity K» (m/d)
OreSandsaturatedthickness (m) 34 1.2 1.2
Ore SandTransmissivity, Tm?/d) 245 380 17
Ore SandSpecific Yield,yS 0.10 0.10 0.15
(dimensionless)
Upper MCG K(m/d) 302 187 518
Upper MCG sathickness (m) 3.6 3.9 3.0
Upper MCG T () 1,089 730 1,555
Combinedr of ore & upper MCG 1,333 1,110 1,572
(m?/d)
S of ore & upper MC( 5x 10° 5x 10° 5x 10°
Kn/Kv Ratio 5 2 5
Notes: MCG Medium-CoarseGravel
T Transmissivity
S Storativity
Kw/Ky Ratio is the ratio of horizontal to vertical hydraulic conductivity
* The sum of Ore and Upper MCG transmissivity across the combined saturated thickng
both material layers.
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The pumping tesanalysis and resudindicate that the Holocene shoreline sands that form thimeralore are
significantly less permeable (i.e., lower hydraulic conductivity) than the muddy gravel deposits except for the
test on bore HSS@46. This finding is intuitively what hydrogeologists would expect in the contrasting of these
YI GSNAI f &@perieas.RtMlwdeh Aofing thit the combined transmissivity of all three tests lies in the
range of 1,110 to 1,8Ym?/d, which would be considered reasonably closelfeterogeneous materials such as
occur atMananui This is potentiallonsistent withthe generalised flow parameter of transmissiviiging
relativelyhomogeneouscrosshe site

The storage coefficients of specific yield and storatigépnotbe obtained by any other in situ method than
pumping (aquifer) testing. The specific yield range of 0.10 to 0.15 is generally consistent with granular,
unconfined materials such as the Holocene shoreline sand depmsitate Pleistocene gravel deposifhe
storativity of5 x 10° ismore directly relevant to the stratifieddeeper parts of thesequence aMananui

5.2.2 Trenchtesting

The trench tests undertaken dhe siteby Sephira Environmental (2019a, Appendix C) were infiltration falling
head tests The test data was analysed once more with the help of AnAgSim to match the measured water levels
time series and the inflow rateTrench 1 and Trench 2 were side by side adjacent fo ¢ K I NBnégdk | NB
monitoring bore HSSQ18. Trench 3 was excavated adjacent to test bore HIE8@ the southwest corner of

the siteand received water pumped from the 100 mm diameter test bore at a ra&®1/s. In general, the
trenches were dug until they began to lose wall stability through groundwater sapping. The injection testing
began soon after excavation to below the water table and the longest test was oWlyniidlites, attesting to

the unstable conditions of the excavation.

Table5-4: Summary of Trench Test Information and Settings

Parameter| Trenchl Trench2 Trench3
Static DTW (m BGl 2.7 2.7 5.6
Duration of water injection (min) 145 12 7
Inflow Rate (L/s) 3.5 3.5 5.55
Trench to Trench Distance (n 10 10

The AnAgSim analysis assumed a saturated thickness of between 4.7 m and 5.7 m of ore sémat dmel
muddy coarse gravels were instrumental in receiving and distributing the inflowing groundwater. This might be
avalid assumption for a test bore or piezometer that was deeply penetrating. However, in the trench testing
case, infiltration media were entirely the ore sands and the trench extended only a half metre or so below the
water tablewhile the injection period was briefAs aresult,the geometric configurations used in the AnAqSim
analyses were less representative of the material layer incorporating the injected Wati#le5-5 summarises

the interpreted analysis results from the three trench tests.

¢tKS4S KeRNI dz A O
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sands. The results for the muddy coarse gravels would be more reliably taken from the pumping tests than the
trench tests due to the uncertainground the geometric response to shallow trench injection. Nonetheless, the

trench tests have value in indicating the likely infiltration acceptance rates for in situ ore sand.
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Table5-5: Summary of Trench Test Analysis Results using AnAqSim

Parameter| Trenchl1* Trench2* Trench3
Ore K (m/d) 26 130
Oresaturated thi&kness (m) 2.2 1.2
Ore Transmissivity (ffd) 57 156
Upper MCG K(m/d) 173 187 101
Upper MCG sat. thkness (m) 3.5 . 3.5
Upper MCG T (ffd) 605 655 353
T of ore & upper MCG (ifdl) 662 715 508
Kn/Kv Ratio 5 5 5
Notes: | MCG Medium-Coarse Gravel
T Transmissivity
S Storativity
Kn/Ky Ratio is the ratio of horizontal to vertical hydraulic conductivity
* Trench 1 pumped into Trench 2 and vice versa for their respective trench infiltratio
tests. These trenches were separated by only 10 m laterally.

5.2.3 Slugtesting

Slug testing is carried out to estimate the hydraulic properties of an aquiferteBhévolves instantaneously
increasing or reducing theater level inapiezometerd &
below the water table. The slug typically comprises a plastic or metal cylinder of slightly smaller diameter than

the piezometer. Thevater-level response in the piezometer is measured.

Slug testing was undertaken on three individual piezometers H8SHSSC04 and HSSCL8 using a 30 mm
diameter steelslugof 2.0 m length and a volume of 1.41 litresioftial RA & LJX | OS Y S yifidcedaK A &
displacement 0.179 m in terms of the water level in a 50 mm diameter piezometer. Thelsigwhs lowered
rapidly beneath the water level or rapidly withdrawn after lying below the water level for some time. The
damped equilibration of the piezometer water level was the function of aquifangmissivity that was

measured as a time series in a high frequency pressure transqutzdalogger

AYyaSNIAy3 2N NBY2@Ay3

aatd

The displacement response curves were analysed using an analytical method developed by Dagan (1978). Each

piezometer had a discrete material screened. For HESCQhe piezometer was screened across sand and fine
gravel. This piezometer was unique in beuraffected by oscillation and data scatter. Piezometer HEBIC
was screed across medium to coarse gravel. HI88@as screened across two layers, medium to coarse sand
and fine to medium gravel. The latter two piezometer slug test responses wereeadfbgtoscillation and data

scatter, which inevitably affects the precision and accuracy of the results.

Table5-6: Summary of Slug Tesgtnalysis

Parameter HSS@O3 Test 2 | HSS@O04 Test 1 | HSS@O4 Test 2 | HSSM18

Bore Depth (m BGL) 9.0 8.9 8.9 6.95

Screened Interval (m) 3 3 3 3

DerivedKn (m/d) 254 36 43 44

DerivedKn/Kv 4 4 4 4

Material Screened Sand, F Gravel M-C Gravel M-CGravel M-C Sand, ™
Gravel

Notes:

All analyses used the Dagan (1978) method

Slug test results are considstinherently less precise or accurate compared to welhducted pumping tests.
The Dagan (1978) method is useful for unconfined aquifers with a water table crossing the awddenuse
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with water level displacement collected during an odamped slug tesproviding a robust approach to
analysing the curve. Some caution should be exercised in relying upon the above hydraulic properties from the
slug tests, particularly the notably high hydraulic conductivity value of 254 m/d for-BIBES @\l other results

are in gerral conformity with the results for ore sand pumping test results.

The slug test on bore HS8E8 coincided with the site of the Trench 1 and Trench 2 injection t€stssideing

the 44 mMd horizontal hydraulic conductivityaluederived from the slug test on HS8@8, the trench test K
results of 26¢ 27 m/d for Holocene shoreline sawabuld sit closest to thenearbyslug test resultStudies of
hydraulic testing theory and practice indicate the need to consider corrections to hydraulic conductivity values
for slug tests versus values derived from pumpinggest

5.3 Waterlevels & flow field

The Sephira Environmental (2019a) investigationBected data froma distributed pattern or water level
measurements in groundwater monitoring bor@sdalong¢ n ¢ K I NBnéofiér tdBharacterise the gradients
and directions of water flow within and arourile site

5.3.1 Crosssectionfrom¢ n ¢ K| NB@IHb NB

I LI GGSNY 2F mn LASTI2YSGSNR 2F GSad 02NBa RNARAtESR |2
embankment provides the opportunity to profile the geological materials and measured water levels in the creek

and groundwater.The crosssection drawn inFigure5-1 is a composite of LIDAR data to delineate the land

surface, geological data from bore logs interpolated with dashed strata lines, piezometer locations and water

table elevations measured on 29 November 2019.

The crosssection provides information from which to estimate the position of the flow divide between land
contributing groundwater flow tat 1 ¢ K I NBaadkoh tN&other side, the land contributing groundwater to

the Tasman Sea. Such flow divides are often uncertain and sometimes movable as relative water table height
fluctuate.
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Figure 5-1: Schematic CrosSection of York Block integrating land surface, bore log and groundwater
monitoring data. Groundwater levels as per 29 November 2019 survé§ource Sephira Environmental,
(2019a)]

The inferred flow divide is based on water table elevations and the expectation that the nearest surface
watershed as a ridge top would coincide with the groundwater flow divide crosssection is potentially mis
aligned with the principal directions of groundwater gradient, making the calculation of gradients using the data
detailed inFigure5-1 less representative of real hydraulic gradiedbwever, the hydraulic gradient in the plane

of the above crossection is steeper towards 1 ¢ K I NBharkiowsids the ocean. This is consistent with the
inferred position of the flow divide and relative distances to the creek or ocean.

The crosssection presented ifrigure5-1 allows some observations as to York Block hydrogeajogy

1 Only a small portion of the medium santhterialis below the water table and thus saturated
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T ¢KS O2FNESNIFYR ISYySNIffe VY2NBmaddBaskushasdodse kahdyli a
sandy gravel, muddy gravel and coarse sand & gravel are the active materials within the groundwater
system

1 The flow divide could shift in response to climatecogekbase level variation

5.3.2 Watertable contour map

Mapping the water table measurements in piezometers installed in the York and Stewart blocks allowed the
drafting of a water table contour map. The piezometer installation process included the surveying of the
piezometer measuring points to a common veatidatum in terms of mean sea level. This allowed the correction

of water depths to water elevations relative to mean sea leMgure5-2 displays an interpretative water table
contourelevationmap based on 29 November 2019 measurements.

The contoured water table maps revealed a divided groundwater system with a portion in the east flowing into
¢ 0 ¢ K| NBagdkhe XeBainder ofhe siteflowing to the west into the Tasman Sea. The seaward gradient
would approximate 0.0025 m/m (0.25% or 1:400), while the gradient to the east in the direction of the creek
wassteeperon this dateat 0.011 (1.1% or 1:90Broundwater at the eastern margin forms a seepage face at
the foot of the steep embankment which separates the site from the riparian weéténd creek in the southern

part of the site.

Sephira Environmental (2019a) presented two additional water table contour maps for 17 November 2019 and
(date unspecified) September 2019, which included a median 0.9 m rise in the water table from September to
17 November 2019. The additional water talleaps based on water table surveys on those dates reveal a
modest shift in the position of contour lines and the axis of the flow divide.

Legend

] Mine boundary
@ Domestic wells

ﬁ Project name: Mananui Mineral Sands Project

[
\\\,/ Date: 05/10/23
ate:
KS | 09 18km
= [ ] Client: Westland Mineral Sands Company Ltd

Komanawa Solutions Ltd

Figure5-2: Estimated water table contour map fosite drawn from piezometer and creek water levels
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5.3.3 Indications of Lateral Anisotropy

The mode of transgressive strandline accretaord the remnant strandline ridges atiee main indicatios of
potential lateral anisotropyn hydraulic conductivity and transmissiviljhe LiDAR Digital Elevation Model and
aerial photography highlight the presenaensity and trend ofemnant beach ridges across the Stewart and

York blocks, and indeed extending more broadly to the north and south on the coastal plain between

¢ n g Kl NBagdi akt®) K A v, landdizle Tasman Sela. this report, the charactestics of the beach ridge
lines can be discerned from th&igure5-1 crosssection and the~igure5-2 LIiDAR air photograph composite

with shading highlighting the ground undulations.

The remnant beach ridges have the following orientation

1 Mean ridge bearing of 0Brom north (sub-parallel to modern coastling)

1 Wavelength (ridge to ridge) 100 m, and
1 Amplitude range 1 mto 4 m.

The sedimentological model of the beach ridge deposition and the building outwards of the succession of beach
ridges is conceptualised by McBride et al (2020). This concept envisages the sea transgression as Late Pleistocene

¢ Holocene sea levels rose aset down a coastal barrier at the beginning of the Holocapg@roximately 8,700

years before present@and forms a final transgressive ridge on a-pl@ocene surface. The ridge is shaped by
washoverand swash and longshore drift supplies the material for the building seawards of regressive ridges. In

the case of the Mananui area a succession of upgegressive ridges have developader the outwash gravel

erosion surface betweea n K A y Erediiznd the modern Tasman Sea coastline. The two ridges closer to
¢ n g Kl NBarek thdBigher and larger ridges which may be the initial strandlines. Alternatively,

¢ n g Kl NBumKHawRBemoved the initial strandline ridges by subsequent erosive action ansported

the sand downstream.

|:| Transgressive

I: Regressive

i) Low-relief transgressive barrier nears final
position, ~8700 years ago

i) Landwardmost ridge builds by washover and swash
accumulation, ~8400 years ago

-

iii) Washover occurs episodically as regressive ridge
building begins, ~7900 years ago

—

m

iv) Barrier grows seaward, now with multiple ridges
preserved, ~7000 years ago

Y

Figure 5-3: Idealised coastal strandline deposition and subsequent regressive progradation of coastal

sediments leaving beach ridges [source McBride

The onlapping of wavé 2 NIISR YI (S

et al (2020)]

NRA It a

dza datetal adisotiopy Lty dtduddwater
permeability within the coastal sand depositSiven the orientation of these draping surfacéhis usually

WIANI Ay

results inthe coastal deposits being more permeable along the trend of the beach ridges than across the line of

ridges. Aquifer testingan in some instancegetermine lateralanisotropy However, in the case of the aquifer
testing campaign of September 2Q%Be distances from which thebservationboreswere placed (between 10

m and 27 m) were shorter than the distances over which differences in pumping drawdown were thought to be

discernible (i.e., 50 m to 100 m).
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5.3.4 Groundwater level records

Groundwater level monitoring records are split into 2ell6from the Sephira Environmental (2019) reporting

and more recent202223 periods.A complete sequence odpproximately fortnightly groundwater level
measurements was observed in five monitoring bores from January to July @dddmpassing the dropping

late summer groundwater levels followed by an equivalent rise in the same bore water levels beginning in late
autumn.Figure5-4 shows the groundwater level trend in all beren the elevation axis.

5.3.4.1 201617 Groundwater Level Monitoring

Monitoring of groundwater levels in 20167 used fortnightly manual dips of five existing monitoring bores. The
location of the bores is shown Figure5-5. This monitoring preceded additional test bore and aquifer testing
undertaken in2019 butcoincided with some surface water elevation monitoring carried out along the course of
¢ n ¢ K NBEh&haging of the 12 August 2016 coincident groundwasarrface water elevations allows
the conclusion that Mananui shallow groundwater has gradiatdsg a slender stripto ¢ 1 ¢ K | NBwhhel NI
the remainder of the property drains groundwater towartth® Tasman Sea coastline, as indicatelligure5-5.

A feature of the groundwater monitoring in 204§ was the concurrent monitoring of legah the shallow and

deep piezometer screen depths at the H${17 site adjacent to SH6. The shallower piezometer was screened
from 5.3 to 8.3 m BGL iore deposits while the deeper piezometer was screened from 17 m to 20 in sandy
gravel deposits.Figure 5-4 reveals a consistently higher groundwater elevation in the deeper screened
piezometer HSSQL7, implying an upward vertical gradient. Tinéerred vertical hydraulic gradient at HSSC
016/17 during 2017 was 0.0088 m/m (1:115). Such a gradient would promote seepage to the surface where the
water table and land surface (or water body) elevations overlap.
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Figure5-4: Groundwaterelevations of five monitoring bores across Mananui

50 | KsL



HSSC-019
WL =261

/!

Tasman Sea ¥
/' B/ wussc-or(p)
/ wi-2n
HSSC-016 ()

HSSC-018 & :
wL=297 [F

Creek Level at WL8
WL=213

Mahinapua Creek

Legend
HSSC-003 (O Creek Water Level
WL = 2‘79 ﬁ} HSSC203 ’ , ’
Creek Levrlla'
wL3 I I
|

I

) Piezometer Location

7
S = Shallow, D = Deep

L—..> Flow Direction

Property Boundary
WL = Water Level in m amsl
on 12 August 2016

{

Figure5-5: Location of groundwater level monitoring bores, plus inferred contours and flow directions

Figure5-4 and Figure5-5 provide apicture of groundwater level patterns. The bore H®9& is located just
behind the coastline ifrigure5-5, while Figure5-4 illustrates that this coastal bore has a lower groundwater
elevation and at the same time follows the general level fluctuation of other bores. Further east, bor@H85SC
rests on the groundwater flow divide between Tasman Seatandg K I NI thuk FighiB5-4 shows it is the
highest groundwater elevation, while tracing the same groundwater level pattern in the first part of 2017. The
other intervening heightbores each appear to mimic the pattern of groundwater level variation between the
higher and lowegroundwaterelevation bores.

5.3.4.2 202223 Groundwater Level Monitoring

Partial groundwater level records were capturfed three existing monitoring bores along the eastern margin
of ¢ n ¢ K I NBEThé&ylalNdBSplay similar gross patterns of groundwater fluctuadinh water level elevation
Figure5-6 plots the three groundwater level monitoring bores HEB8CZ, 018, and 031 from August 2022 to
August 2023. Lower groundwater legebrrespondto summer and early autumn seasoffowever, high creek
levels or spikes in creek levate observed to result in corresponding increases in groundwater level in all
recording loggers.
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Figure5-6: August 202223 bore leveltime seriesin terms ofcommongroundwater elevationw.r.t. AMSL

All level loggers iffigure5-6 are located within 110 m of 1 ¢ K | NJaddforn theXeast side of thgroundwater
flow divide indicated irFigure5-1 and Figure5-2.

54 ¢n g Kl NBaadipaNgd wetland

5.4.1 Hydrogeology

The hydrogeology of the wetland was characteriseflugust 202%ia excavation 0f8 handaugered drill holes
with a mean depth of 1.2 mThe results of the investigation providedAppendix lidentified the following
lithology:

1  Top 50100mm Low to medium hydraulic conductivity peaty soils

1 100250mm Low hydraulic conductivity organic sand with a silt matrix

T 150t 200mm Medium to low hydraulic conductivity organic sand with a silt matrix
1 > 600 mm depth (typically) Medium hydraulic conductivity coarse sand

The immediate wetland substrate typically comprises fine organic sediments &sgoee5-7
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Wetland substrate at site WAO3

Figure5-7

5.4.2 \Water levels

{ SLIKANI} O9Y@BANRBYYSyillt o6unmpld AyOf dzZRSR YSIFadaNBYSyid 2
locations of the west (river left) bank of the creek, on two occasions in September and 29 November 2019. A
further water level site on a pond acrossthouthern diversion drain was recorded on three occasions, including

17 November 2019Table5-7 lists these water level measurements in terms of mean sea level reference.

Table5-7Y { dzYYlI NB 2F {dz2NFI OS 2 GSNI [ S90St aSlIadaNByYSydaa I ¢t2
(NZTM)| (NZTM) 12 Aug 2016| 29 Nov 2019| 17 Nov 2019 September 2019
Creekl’ 1429373| 5261031 2.13 2.179 _ 1.81
Creek2 1429751| 5261452 _ 2.252 _ 1.85
Creek3 1429828| 5262174 _ 2.265 _ 1.87
Creek4* 1430043| 5262574 2.16 2.288 _ 1.87
Diversion 1429667| 5261645 _ 2.61 2.72 1.94
pond~
b23G8SY aYy ta{[¢ I YS(iNBa ! 6208 aSty ¥ &I [[F9BStam KpAlyd Ladt yTI yF dFAR

located across the southern diversion channel showRignure4-7. All creek water level site locations are mappeéigure
5-2.

I &0 3S Y2yAG2NRAYy3 aixasS gta AyadlkttSR Ay HRgurésl NB g Kl NI
The data give a range of ~1.3 m to 3.0 m a=sle&l gapsire presendue to a logger failure (December 2022 to

February 2023, dotted line) and intermittent gaps up to May 2023 due to the creek stage falling below the logger

base. The logger was-mestalled at a lower elevation in May 2023, when a site visit coincided avitime of

sufficientlylow creek stage.
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Figure5-10 plots a cross section through the wetland at the southern end of the site with the maximum and
minimum recorded creek stage and creek and groundwater levels recorded in September and November 2019
shown. The data, coupled with the aerial photographs showfigure4-7, Figure4-8 and Figure5-9 show that

the wetland is frequently inundated by the creek/lake.

Figure59¢ n 6 K NBgKIF NS NALI NAFYy 6SGfFyR dzyRSNIft2¢ ofS¥io |-

54 | KsL

















































































































































































