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YǁƳŀƴŀǿŀΥ 

1. (verb) spring, well up (of water) 

2. (verb) to spring, well up (of thoughts, ideas) 

Kǁmanawa 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 to facilitate 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 challenges; mǁ tatou, ņ, mǁ kņ uri ņ 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, deploying state-of-the-art scientific methods and building trust through 

knowledge and honest science communication.  

Limitations 

YǁƳŀƴŀǿŀ {ƻƭǳǘƛƻƴ [ǘŘ όY{[ύ Ƙŀǎ ǇǊŜǇŀǊŜŘ ǘƘƛǎ wŜǇƻǊǘ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ ǘƘŜ ǳǎǳŀƭ ŎŀǊŜ ŀƴŘ ǘƘƻǊƻǳƎƘƴŜǎǎ ƻŦ 

the consulting profession for the use of the Westland Mineral Sands Co Ltd. 

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, is made 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 omissions to that 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 practitioners.  

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 not admit that any action, liability or claim may exist or be available to any 

third party.  
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9ȄŜŎǳǘƛǾŜ {ǳƳƳŀǊȅ 

Westland Minerals Company Limited (WMSC) seeks all resource consents necessary to construct, operate and 

maintain a mineral sand mine, including associated infrastructure, over an area of approximately 112 ha on 

WMSC owned land at Mananui. The consent is sought for a total of 16 years with an anticipated 10-year 

mining at maximum production. This time allows for site development, mining and closure decommissioning 

and final rehabilitation. 

The proposed mine site is bounded by Tǹwharewhare (Mņhinapua Creek) and a the Mahinapua riparian wetland 

to the east, by Department of Conservation land to the south, by State Highway 6 to the west and the Mņhinapua 

¢ǊŀƳƭƛƴŜ ǿŀƭƪƛƴƎ ǘǊŀŎƪ ǘƻ ǘƘŜ ƴƻǊǘƘΦ ¢ǹǿƘŀǊŜǿƘŀǊŜ ŀƴŘ ǘƘŜ ǊƛǇŀǊƛŀƴ ǿŜǘƭŀƴŘ ŀǊŜ ŘŜǎƛƎƴŀǘŜŘ ǿŜǘƭŀƴŘǎ ƛƴ 

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 north-south orientated swales and drains with 

intermittent flow. Intrusive site investigations 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 created behind 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 direction. Mineral sand (ore) will be pumped from the mine pit as a slurry to the processing plant. The 

heavy mineral elements will be separated at the plant. The remaining sand (referred to as tailings) will 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 top-up 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. This will minimise the requirement for top-up water from the well.  

The mine excavation will intercept a series of small local drains which appear to have been constructed around 

1980. Runoff currently being intercepted by these drains will be managed via temporary works during mining. 

The site will be progressively rehabilitated into productive farmland and a new ecological reserve with two 

wetlands along the eastern boundary, a new wetland 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 to ¢ǹǿƘŀǊŜǿƘŀǊŜκMahinapua Creek and the riparian wetland, will be 

improved significantly by replacing 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 conservative assumptions and a worst-case hydraulic parameter interpretation 

to provide a precautionary assessment of potential hydrological impacts after accounting for the proposed 

design and management actions. The potential hydrological effects associated with the proposed activity, the 

key findings of our effects assessment and any actions that will be undertaken to avoid adverse impacts are 

summarised in Table 2-1 below. 
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Table 2-1: Effects assessment and management actions summary 

Activity Potential effects Assessment summary Management actions 

Groundwater 
abstraction from 
top-up supply well 

Drawdown in local domestic 
and stock wells 

5ŜǇƭŜǘƛƻƴ ƻŦ ¢ǹǿƘŀǊŜǿƘŀǊŜ 
and the potential for water 
level changed in the riparian 
wetlands; and 

Groundwater level changes in local third-party water supply wells are expected to be 
negligible and inconsequential.  

!ƴȅ ŘŜǇƭŜǘƛƻƴ ƻŦ Ŧƭƻǿǎ ƛƴ ¢ǹǿƘŀǊŜǿƘŀǊŜ ǿƛƭƭ ōŜ ǘŜƳǇƻǊŀǊȅΣ ǎƘƻǊǘ ǘŜǊƳΣ ǿŜƭƭ ōŜƭƻǿ ǿƛŘŜƭȅ 
accepted effects thresholds for ecological stream health and cause no adverse effects. The 
proposed activity is expected to generally augment flows in the creek for the duration of 
mining, although the scale of any augmentation will be small. 

A precautious assessment of changes in groundwater seepage from the eastern edge of the 
ƳƛƴŜ ǎƛǘŜ ǘƻ ¢ǹǿƘŀǊŜǿƘŀǊŜ ǊƛǇŀǊƛŀƴ ǿŜǘƭŀƴŘ ŀƭǎƻ ǎƘƻǿǎ ŀ very small net increase in seepage 
during mining. Very small increases and decreases are projected to occur over time and fall 
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 wetland water budget and be of no consequence to the wetland 
hydrology. Adverse effects will therefore be avoided. 

Not required 

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 pond shows that the water table in the pit could rise by up to 1.5 m at some intervals 
of the mine life under a worst-case scenario. Runoff calculations indicate that the freeboard 
volume of the pit and infiltration capacity are adequate to contain a 1:100-year 24-hour 
rainfall event without any risk of overtopping.  Adverse effects will therefore be avoided. 

Not required 

Sediment 
disturbance in 
mine pond 

Turbidity/reduced visual 
clarity in nearby domestic 
ǿŜƭƭǎ ƻǊ ¢ǹǿƘŀǊŜǿƘŀǊŜ Ǿƛŀ 
groundwater transport of 
turbidity from the dredge 
pond. 

Turbid water in the mine excavation is very unlikely to be transported more than 50 m from 
the edge of the excavation. Given that the proposed mine pit will be located at least 50 m 
ŦǊƻƳ ¢ǹǿƘŀǊŜǿƘŀǊŜ ŀƴŘ млл Ƴ ŦǊƻƳ ǘƘŜ ŎƭƻǎŜǎǘ ŘƻƳŜǎǘƛŎ ǎǳǇǇƭȅ ǿŜƭƭΣ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ŦƻǊ 
turbidity changes in the receiving environment is low, even without accounting for dilution in 
the creek and filtration in the fine substrate of the riverbed.  Nonetheless a management 
approach has been developed to avoid outward seepage of water from the dredge pond 
when the mine is upgradient of ¢ǹǿƘŀǊŜǿƘŀǊŜ, the riparian wetland and the local domestic 
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 
άŘǊŜŘƎŜ ǇƻƴŘ ǿŀǘŜǊ 
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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 dissolved 
constituents, including 
metals or metalloids, from 
the excavation to 
¢ǹǿƘŀǊŜǿƘŀǊŜκǿŜǘƭŀƴŘ Ǿƛŀ 
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 determinants 
ǿƛƭƭ ōŜ ōŜƭƻǿ ǎŎǊŜŜƴƛƴƎ ǘƘǊŜǎƘƻƭŘ ǾŀƭǳŜǎ ƛƴ ¢ǹǿƘŀǊŜǿƘŀǊŜ ǿƛǘƘ ǘƘŜ ŜȄŎŜǇǘƛƻƴ ƻŦ ŀƭǳƳƛƴƛǳƳ 
and chromium which could be slightly elevated. Although the effects of any such discharge 
are expected to be no more than minor, a management approach has been developed to 
avoid outward seepage of water from the dredge pond as described above. Adverse effects 
will therefore be avoided. 

level management 
ȊƻƴŜέ  

 

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

Potential transport of 
naturally occurring dissolved 
constituents, including 
metals or metalloids, from 
the excavation to domestic 
wells via groundwater flow. 

Dissolved aluminium concentrations could potentially exceed the aesthetic value for drinking 
water intermittently in the three local domestic water supply wells. The aesthetic value for 
aluminium is defined to avoid potential complaints of depositions in or discoloration of 
drinking water. Although the effects of any such water quality change are expected to be no 
more than minor, a management approach has been developed to avoid outward seepage of 
water from the dredge pond as described above. Adverse effects will therefore be avoided. 

Site rehabilitation 

Discharge of nutrients and 
sediments to ¢ǹǿƘŀǊŜǿƘŀǊŜ 
and the riparian wetland via 
runoff from the 
rehabilitated site once 
returned to farming use. 

An improved drainage system and three constructed wetlands will be installed as part of the 
site rehabilitation plans. Our assessment shows that the wetlands are expected to reduce 
nutrient and sediment discharges from the site to ¢ǹǿƘŀǊŜǿƘŀǊŜ and the riparian wetland 
significantly.  

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

2.1 Background 

²ŜǎǘƭŀƴŘ aƛƴŜǊŀƭ {ŀƴŘǎ /ƻΦ [ǘŘ ƛǎ ŀƴ ŜǎǘŀōƭƛǎƘŜŘ ƳƛƴŜǊŀƭ ǎŀƴŘǎ ŘŜǾŜƭƻǇƳŜƴǘ ŜƴǘŜǊǇǊƛǎŜ ōŀǎŜŘ ƻƴ bŜǿ ½ŜŀƭŀƴŘΩǎ 

West Coast. The Mananui project located south of Hokitika near the localities of Ruatapu and Mananui. The 

deposit adjoins State Highway 6 on the landward side, between SH6 and ¢ǹǿƘŀǊŜǿƘŀǊŜ and the north-western 

shore of Lake aņƘƛƴŀǇǳŀ. The deposit was previously considered in 2016 to 2019 by NZ Garnet Limited and 

Barton New Zealand and is now being advanced by Westland Mineral Sands Co. Ltd (WMSC). WMSC has held 

mining permit 60508 covering a portion of the Mananui 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 scrub or woodland. The land was previously owned by Peter York or his 

estate. The deposit has been extensively mineral drilled for gold and garnet resource delineation.  

The proposed mineral sand extraction and rehabilitation project entails excavating the sands to an average of 0 

m above mean sea level (ASL), in strips along the grain of the site and delivery of the ore to a processing plant. 

The sand from the plant from which heavy mineral concentrates have been removed (referred to as tailings) will 

be directly re-deposited into the wake of the extraction pit. The land will be rehabilitated to productive farmland 

with improved drainage and inclusion of a new wetland to intercept runoff from the site on the flow path 

towards ¢ǹǿƘŀǊŜǿƘŀǊŜ.  A clear understanding of the local geology, hydrology and water quality is required to 

understand and manage potential impacts on local water features.  

2.2 Report purpose and overview 

The purpose of this report is to a) describe the local hydrological setting; b) determine those aspects of the 

proposed activity which could potentially cause adverse hydrological effects 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: 

¶ Section 3 provides a summary of the proposed activity. 

¶ Sections 4 and 5 describe the existing environment and present a conceptual model of the local 

hydrological system. 

¶ Section 6 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). 

The key activities with respect to hydrological effects are as follows: 

1. The excavation will intercept a series of small local surface drainage features. These will be managed 

via temporary works. An improved drainage system will be constructed as part of the site rehabilitation. 

2. Ore will be pumped from a dredge unit as a slurry to the processing plant. Heavy 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 to assist with removal of fine sediment.  

3. A well will be installed at the site to provide top-up water for the processing plant with a maximum 

daily pumping rate of 3,288 m³ (38 L/s) and a maximum instantaneous pumping rate of 60 L/s. Of the 

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 dredge pond or to an infiltration trench on the southern site 

boundary.  

4. A sediment 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. This will minimise the requirement 

for top-up water from the well.  

5. A small volume of water (3 L/s net) will be pumped from the mine pond to maintain positive 

ƎǊƻǳƴŘǿŀǘŜǊ Ŧƭƻǿ ǘƻǿŀǊŘǎ ǘƘŜ ŜȄŎŀǾŀǘƛƻƴ ǿƘƛƭŜ ǘƘŜ ƳƛƴŜ ƛǎ ǳǇǎǘǊŜŀƳ ƻŦ ¢ǹǿƘŀǊŜǿƘŀǊŜ ŀƴŘ ǘƘŜ 

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 reserve and 

wetlands along the eastern boundary and a new wetland in the northeast corner. 

4 EXISTING ENVIRONMENT 

4.1 Location 

The site is located in Mananui, approximately 7 km south of Hokitika and is bounded to the north-western by 

SH6 and the Tǹwharewhare riparian zone to the south-east. [ŀƪŜ aņƘƛƴŀǇǳŀ ƭƛŜǎ ǘƻ ǘƘŜ ǎƻǳǘƘ ŀƴŘ ǳǇǎǘǊŜŀƳ ƻŦ 

the siteΣ ǿƛǘƘ ¢ǹǿƘŀǊŜǿƘŀǊŜ ŘǊŀƛƴƛƴƎ ƴƻǊǘƘǿŀǊŘǎ Ǉŀǎǘ ǘƘŜ .ƭƻŎƪ ǘƻ ǘƘŜ Iƻƪƛǘƛƪŀ aƻǳǘƘ. The northeast and 

southwest boundaries of the mostly rectangular block fringe undulating farmland and forest reserve, 

respectively. The Mananui Tram Track passes along the northeast boundary between SH6 and the aņƘƛƴŀǇǳŀ 

footbridge; the Tasman Sea is 450 - 550 m west of the site. 

4.2 Topography 

The site is relatively low-lying with an altitudinal range of 5.4 m to 14.3 m Above Mean Sea Level (AMSL). Nearby 

wetlands and ¢ǹǿƘŀǊŜǿƘŀǊŜ have a height of 4 m to 2 m AMSL along the creek margin between the southern 

and northern flanks of the site. There is significant micro-topography discernible in LiDAR imagery as narrow 

ridges oriented sub-parallel to the modern coastline (Figure 4-1). These are interpreted as the expressions of 

abandoned strandlines or dune features associated with a rapidly aggrading coastal sequence, which is covered 

further in section 4.5 Geology and section 5.3.3 Indications of Lateral Anisotropy. The strongest topographic 

margins are thus the modern coastline and ¢ǹǿƘŀǊŜǿƘŀǊŜ. The eastern ridge overlooking the creek generally 

defines the highest land elevations, although this watershed has been artificially breached in two places to 

improve land drainage by diverting surface water courses eastwards into ¢ǹǿƘŀǊŜǿƘŀǊŜ through cut made 

through the eastern ridge. 
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Figure 4-1: LiDAR topography of York Block (red fringed) and environs 
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4.3 Climate 

4.3.1 Summary 

The ²Ŝǎǘ /ƻŀǎǘ ƛǎ bŜǿ ½ŜŀƭŀƴŘΩǎ ǿŜǘǘŜǎǘ ǊŜƎƛƻƴΣ ŀƴŘ ǘƘƛǎ Ƴŀȅ ōŜ ŀǘǘǊƛōǳǘŜŘ ǘƻ ƛǘǎ ŜȄǇƻǎǳǊŜ ǘƻ ǘƘŜ ǇǊŜŘƻƳƛƴŀƴǘ 

westerly airflow over the country, combined with the orographic effect of the Southern Alps. Annual rainfall 

totals at relatively high elevations regularly 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 occurring infrequently compared 

to most other regions of New Zealand. The West Coast is not especially windy, and local wind regimes are 

strongly influenced by the southwest to northeast orientation of the Southern Alps (Macara, 2016). 

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 prolonged in the West 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 of producing large amounts of rain on 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 protect the West Coast from the instability showers formed when cold air is heated from 

below by a relatively warm sea surface. Under these circumstances, the West Coast experiences fine weather 

and sunny skies with exceptionally good visibility (Macara, 2016). 

4.3.2 Precipitation 

The closest electronic weather station (EWS) to the Site is located in Hokitika. Table 4-1 lists the basic summary 

of rainfall statistics for the most recent years of data collection. 

Table 4-1 Summary of Rainfall statistics for Hokitika electronic weather station 

Metric Hokitika EWS 

EWS Elevation (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 in Figure 4-2. 
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Figure 4-2  Monthly variation of rainfall at Hokitika AWS (Macara, 2016) 

Figure 4-3 ǇǊƻǾƛŘŜǎ bL²!Ωǎ ƳƻŘŜƭƭŜŘ ƳŜŘƛŀƴ ŀƴƴǳŀƭ ǊŀƛƴŦŀƭƭ ǘƻǘŀƭǎ ŀŎǊƻǎǎ ǘƘŜ ²Ŝǎǘ /ƻŀǎǘ ŀǎ ŀ ŎƻƭƻǳǊ-flood map. 

From Figure 4-3 it can be noted that the aņƘƛƴŀǇǳŀ catchment lies in the 2,000 to 3,000 mm/year range of 

median rainfall total. 
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Figure 4-3 West Coast median annual total rainfall, 1981ς2010 (Macara, 2016), Mananui marked with red 
arrow 

Dry spells are quite uncommon in most areas of the West Coast but can 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 can occur on the West 

Coast when considerable rain may be falling east of the main divide. The rarity 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 with rain less than 1 mm per day) are relatively rare and spread out among the seasons (see Table 

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

Station location Frequency 
Mean duration 

(days) 

Max. duration 

(days) 
Max duration date 

Greymouth1 
One every 19 

months 
17 39 

6/2/2013 to 

16/3/2013 

Hokitika 
Once every 21 

months 
17.5 32 - 

Season Summer Autumn Winter Spring 

Seasonal 

distribution (%) of 

dry spells1 

25% 30% 35% 10% 

bƻǘŜΥ ΨŘǊȅ ǎǇŜƭƭǎΩ ŀǊŜ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǇŜǊƛƻŘǎ ƻŦ ŦƛŦǘŜŜƴ Řŀȅǎ ƻǊ ƭƻƴƎŜǊ ǿƛǘƘ ƭŜǎǎ ǘƘŀƴ м ƳƳ ƻŦ Ǌŀƛƴ ƻƴ ŀƴȅ ŘŀȅΦ 

4.3.3 Evapotranspiration 

Evapotranspiration are measured at the Hokitika AWS. Compared to the measured rainfall at Hokitika, the 

measured or calculated evapotranspiration is small as is listed in Table 4-3. 

Table 4-3: Evapotranspiration annual totals measured at Hokitika 

Evaporation / Evapotranspiration Measurement Value (mm) 

Total Mean Annual Penman Potential Evapo-Transpiration 732 

January Mean Monthly Penman Potential Evapo-Transpiration 120 

July Mean Monthly Penman Potential Evapo-Transpiration 18 

4.3.4 Soil moisture, runoff & soil drainage 

The West Coast soils are seldom in soil moisture deficit and are much more often shedding meteoric water as 

illustrated in the soil moisture balance tables for the Hokitika AWS site near Mananui.  

Table 4-4 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 (2,116 mm) so that 

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

A consequence of the soil-moisture and water balance surplus is the large quantities of excess water that that 

must be shed from at the land surface. Permeable, low relief land surfaces such as gravelly alluvial terraces tend 

to shed the atmospheric water excess by a combination of soil drainage to the underlying water table and 

occasional overland flow. Less permeable, high relief land surfaces such as hills tend to shed the atmospheric 

excess by runoff and overland flow. The mostly low relief and forested aņƘƛƴŀǇǳŀ catchment tends to have 

large areas of perennial wetlands and saturated soils (Pakihi2) as a result. 

 
1 Macara, 2016. The Climate and Weather of West Coast. 
2 tŀƪƛƘƛ ƻǊ ǇņƪƛƘƛ ƛǎ ŀ ǾŜƎŜǘŀǘƛƻƴ ŀǎǎƻŎƛŀǘƛƻƴ ǳƴƛǉǳŜ ǘƻ ǘƘŜ ²Ŝǎǘ /ƻŀǎǘ ƻŦ ǘƘŜ {ƻǳǘƘ LǎƭŀƴŘ ƻŦ bŜǿ ½ŜŀƭŀƴŘΣ ŎƘŀǊŀŎǘŜǊƛǎŜŘ ōȅ 
Ŧƭŀǘ ōƻƎƎȅ ƭŀƴŘ ǿƛǘƘ ƛƴŦŜǊǘƛƭŜΣ ǿŀǘŜǊƭƻƎƎŜŘ ǎƻƛƭ ƻƴ ǿƘƛŎƘ ƻƴƭȅ ǊǳǎƘŜǎΣ ŦŜǊƴǎΣ ƳƻǎǎΣ ŀƴŘ Ƴņƴǳƪŀ ƎǊƻǿΦ tŀƪƛƘƛ ŀǊŜ ŀ ǘȅǇŜ ƻŦ ǿŜǘ 
heath, characterised by very infertile soils with an impervious horizon and little or no peat. 
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Table 4-4: Mean monthly and annual water balance for 150 mm soil moisture capacity at Hokitika (mm) 

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 values relating 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 of the site as Sandy Brown soils. Brown Soils have a brown or 

yellow-brown subsoil below a dark grey-brown 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 relatively stable topsoils with well-developed polyhedral or spheroidal structure and  low to moderate base 

saturation. Clay minerals are dominantly mica/illite and vermiculite. Soils contain large, active populations of 

soil organisms, particularly earthworms. In terms of lithology, sandy Brown Soils are dominated by sand or loamy 

sand to depth. 

4.5 Geology 

The basement geology of the Mananui 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. Outcrops of muddy sandstone of the Blue 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 of Mananui. It is a reasonable inference that the Late Cenozoic Blue Bottom Group is the probable geo-

hydrological basement at Mananui, 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 various glacier complexes and the outwash of 

glacial debris. These outwash sheets comprise heterogeneous gravel, sand and silt in river sandy gravel deposits. 

Locally significant till deposits are also to the east of Lake Mņhinapua and ¢ǹǿƘŀǊŜǿƘŀǊŜ. 

The ore deposits are found within accumulated beach and sand dune deposits lain down in the last 14,000 years, 

probably the last 8,000 years before present (BP). The deposits between the modern shoreline and 

¢ǹǿƘŀǊŜǿƘŀǊŜ are mapped as Holocene shoreline sand, with minor gravel and silt (GNS, 2022). Locally the site 

has been drill-logged and geologically described (Sephira Environmental, 2019a). The derived stratigraphic 

pattern is outlined in Table 4-5, which is an aggregate description of local superficial geology to a depth of 20 m 

based on exploration undertaken in the site. 
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Table 4-5: Local Stratigraphic Descriptions from Sephira Environmental (2019a) 

Approximate 

Depth Ranges  

Lithology Typical Description 

From 0 m to 4 ς 6 

m BGL 

Fine to coarse sand (ore sand) Sub-angular medium to coarse sand (fine near the 

surface), with varying quantities of gravel. 

Transitions from well to moderately graded with 

depth. Max grain size ranges from 2 - 38 mm 

From 4 ς 6 m to 

10 ς 12 m BGL 

Fine to medium gravel and silty 

sand (alluvial ΨmuddyΩ gravel) 

Sub-angular fine to medium poorly graded gravel, 

and coarse sand with trace silt 

From 10 ς 12m to 

10 ς 13 m BGL 

Fine to medium sand 
Silty fine to medium sand with mica 

From 10 ς 13 m 

to 13 ς 16 m BGL 

Fine to coarse sand and gravel Sandy gravel with trace silt or clay 

From 13 ς 66 m 

to 15 ς 20 m BGL 

Gravelly sand and silt Interbedded or gradational beds of Gravelly medium 

to coarse sand; fine to medium sand and silt/clay; 

and silt 

Table 4-5 and a geological profile in Sephira Environmental (2019a) from west to east across the northern edge 

of the site describe the deposit as a fine-coarse grained sand deposit lain down by wave and aeolian dune drift 

to a variable depth with an approximate elevation of 1 m AMSL. Below this elevation sandy gravel predominates 

with ŀŘƳƛȄǘǳǊŜǎ ǘƘŀǘ ŎƻǳƭŘ ōŜ ŘŜǎŎǊƛōŜŘ ŀǎ ΨƳǳŘŘȅΩ ƎǊŀǾŜƭ ƻǊ ŎƻŀǊǎŜ ǎŀƴŘ ϧ ƎǊŀǾŜƭ ǘƻ ŀƴ ŜƭŜǾŀǘƛƻƴ ƻŦ р Ƴ ōŜƭƻǿ 

MSL. At depth, to elevations of -5 m to -10 m MSL, the dominant lithology grades towards sand with minor fine 

gravel and silt (including mica). 

¢ǹǿƘŀǊŜǿƘŀǊŜ fringing the site 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-

¢ǹǿƘŀǊŜǿƘŀǊŜ must have been active in the establishment of the current creek gradient. 

4.6 Hydrology 

4.6.1 Area hydrology 

The Mananui area lies within the aņƘƛƴŀǇǳŀ catchment comprising the tributaries of Oglivie Creek, Frosty Creek 

(into Lake aņƘƛƴŀǇǳŀ), Sandstone Creek, Cowan Creek and Fishermans Creek (into ¢ǹǿƘŀǊŜǿƘŀǊŜ) which have 

an aggregate catchment area of 71.4 square kilometres (km2). Table 4-5 illustrates the sub-catchment 

configuration of the aņƘƛƴŀǇǳŀ catchment. The Mananui area also lies on the edge of up to five very small (34 

to 70, ha) sea-draining catchments, two of which lie abreast the site. The very weakly developed creek drainage 

network is also suggestive of the site and seaward land being largely drained via the groundwater system. 

The aņƘƛƴŀǇǳŀ catchment has its highest point at Overlook Hill with an elevation of 169 m AMSL and with a 

watershed with the lower Hokitika River main stem near Kokatahi. The 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 aņƘƛƴŀǇǳŀ, which has a lake elevation of only 4 m AMSL. Tǹwharewhare 

begins at the outlet of Lake aņƘƛƴŀǇǳŀ and flows north-north-east to enter the Tasman Sea at the Hokitika River 

Bar. 
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Figure 4-4: Approximate catchment mapping within aņƘƛƴŀǇǳŀ catchment [Source: Sephira Environmental 
(2019a)] 

The aņƘƛƴŀǇǳŀ catchment is ungauged, although estimates have been made as to the likely catchment 

ƘȅŘǊƻƭƻƎȅ ǳǎƛƴƎ bL²!Ωǎ ¢ƻǇbŜǘ ŀƴŘ ŎǊƻǎǎ-catchment correlation within the NZ River Maps (Whitehead & 

Booker, 2020). Table 4-6 lists mean, median, Mean Annual Low Flow (seven-day), One in Five Year Low Flow and 

Frequency of 3x median flow events (FREQ3). Figure 4-5 provides an estimated flow duration curve for 

¢ǹǿƘŀǊŜǿƘŀǊŜ at the outlet of Lake aņƘƛƴŀǇǳŀ on the southeast edge of the site.  

 
3 The average number of events per year that exceed three times the median flow (events/year). 
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Table 4-6: Hydrological statistics in ¢ǹǿƘŀǊŜǿƘŀǊŜ at the Lake Outlet and Hokitika Bar sites (Whitehead & 
Booker, 2020) 

Estimated Hydrological Statistic Lake Outlet Hokitika Bar 

Upstream Catchment (km2) 30.7 71.4 

Mean Flow (m3/s) 1.09 3.05 

Median Flow (m3/s) 0.774 1.512 

MALF7d (m3/s) 0.177 0.346 

1 in 5 Year Low Flow (m3/s) 0.106 0.197 

FREQ (No. per year) 31.3 events per year 31 events per year 

 

Figure 4-5: Estimated Flow ς Duration Curve for ¢ǹǿƘŀǊŜǿƘŀǊŜ at the Lake Outlet site 

The Hokitika area lacks gauged hydrological records of comparable catchments to aņƘƛƴŀǇǳŀ. Approximately 

14 km to the east from the Lake aņƘƛƴŀǇǳŀ Outlet, Butchers Creek at Lake Kaniere Road has had a flow recorder 

site since 1972 and also a watershed at comparable altitude, relief and aspect to ¢ǹǿƘŀǊŜǿƘŀǊŜ. The main 

differences are that the Butchers Creek catchment size is tenth of ¢ǹǿƘŀǊŜǿƘŀǊŜ at the Outlet and the flow in 

¢ǹǿƘŀǊŜǿƘŀǊŜ will be somewhat moderated by the storage buffering of upstream Lake aņƘƛƴŀǇǳŀ. Butchers 

Creek at Lake Kaniere Road records a long-term specific MALF7d of 3.36 L/s/km2, versus 5.76 L/s/km2 estimated 

in the NZ River Maps for ¢ǹǿƘŀǊŜǿƘŀǊŜ at the lake outlet.  

4.6.2 Global Resources Surface Water Modelling 

Global Resources made a hydrological evaluation and model for the aņƘƛƴŀǇǳŀ catchment on 16 May 2016 

(Sephira Environmental, 2019a). This included collating precipitation data, calibrating a HEC-HMS rainfall ς 

ǊǳƴƻŦŦ ƳƻŘŜƭΩǎ ŎǳǊǾŜ ƴǳƳōŜǊǎ ŀƴŘ ŜǎǘƛƳŀǘƛƴƎ ǊǳƴƻŦŦ ƎŜƴŜǊŀǘƛƻƴ ǿƛǘƘƛƴ ǘƘŜ ¸ƻǊƪ ŀƴŘ {ǘŜǿŀǊǘ ōƭƻŎƪǎΦ The HEC-

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 Lake aņƘƛƴŀǇǳŀ and ¢ǹǿƘŀǊŜǿƘŀǊŜ catchments. The weighted curve number 

(also known as SCS Curvey Numbers) are listed in Table 4-7 below.  

Table 4-7: Weight Curve Number (CN) developed by (Sephira Environmental, 2019a) for upstream catchments 

Catchment Name  Area (km2) Weighted Curve Number (CN) 

Lake aņƘƛƴŀǇǳŀ Catchment 30.7 55.6 

Upper ¢ǹǿƘŀǊŜǿƘŀǊŜ Catchment 2.9 57.3 

Cowan/Sandstone Catchment 15 56.2 

4.6.3 Site hydrology 

The thin topsoil, coarse-grained sub-soils 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 table. This was apparent 

during our site visit on 31/05/23, which was preceded by several days of high rainfall (see below): ponded water 

was present in hollows, and runoff was observed in the main overland flow pathways, but elsewhere the ground 

was generally well drained, with no waterlogging. The seasonal high elevation of the water table is lower than 

the invert of site drainage features (see discussion below) and hence surface flows and static water present on 

the land surface are the product of rainfall and runoff only, with no baseflow support from groundwater.  This 

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

The main runoff pathways and sub-catchments within the site boundary in Figure 4-7 divide the site into two 

hydrological units and two sub-units: 

¶ Effective rainfall falling on the western half of the site infiltrates to ground with some areas of periodic 

surface ponding because the land here, other than the very localised topography, is effectively flat.  

¶ Much of the precipitation falling on the eastern half of the site also infiltrates to ground, but constructed 

drains here (see below) convey runoff to ¢ǹǿƘŀǊŜǿƘŀǊŜ via two incisions through the embankment along 

the eastern border of the site (see Figure 4-7): 

- Runoff from the northeast corner of the site (~28 ha) follows a south-north and then north-south runoff 

pathway to ¢ǹǿƘŀǊŜǿƘŀǊŜ via a culvert constructed through the embankment.  

- Runoff from the southeast corner of the site (~18 ha) discharges to ¢ǹǿƘŀǊŜǿƘŀǊŜ via two constructed 

drain shown on the 1988 aerial photograph (Figure 4-8) referred to as the Southern Drain and Central 

Drain which cut through the embankment via a small, steeply incised artificial drain, referred to as the 

Cut. Observations of water flow in drainage channels during a site visit on 31/5/23 (see Figure 4-10) 

indicate that a greater proportion of effective rainfall runs off from the southeast corner than from the 

northeast corner, possibly due to slightly higher gradients on the land to the south.   

Our review of aerial photographs indicates that there is no natural surface water drainage within the site 

boundaries. The drains in the southeast corner appear to have been constructed around 1980, as per Figure 4-6 

below. The absence of vegetation around the drains in the 1981 aerial photograph suggest that drainage to 

¢ǹǿƘŀǊŜǿƘŀǊŜ from the northeast corner of the site were also constructed around this time. Prior to installation 

of this drainage, it is likely that water ponded on the sandy soils for relatively short periods of time after heavy 

rainfall before infiltrating to the water table 2-3 m below the ground surface.  
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Figure 4-6: 1981 aerial photograph showing newly constructed drains in southeast corner of site 

The NZ River Map application (Whitehead and Booker, 2020) includes four modelled local streams which drain 

land with the same hydrological characteristics as the site, as shown in Figure 4-9. Although these streams are 

inferred from DEM data and hence may not actually be present (the stream shown running to the coast from 

the northern end of the site is not present, for instance), the modelled flow rates for these catchments (mean 

flow = 0.43 L/s/ha, median flow = 0.21 L/s/ha) nonetheless provides a useful indication of potential runoff rates 

for the land slope, soils and climate in this location. Applying the modelled rates to the catchment areas for land 

draining to ¢ǹǿƘŀǊŜǿƘŀǊŜ gives the modelled flow rates in Table 4-8 below.  

True runoff rates are lower than the modelled values because 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 therefore higher than the modelled flow rates account for.  Visual observations recorded 

during a site walkover survey on 31/05/2023 (Figure 4-10) gave flow estimates of <0.5 L/s at Location 3 and 1-3 

L/s at Location 4. Location 4 is upstream of Location 3 and has a smaller catchment. The flow reduction between 

Location 4 and Location 3 reflects seepage of water from the stream bed to ground between these locations. 

This is consistent with the stream invert at these locations being approximately 2 m above the water table 

elevation at Location 3 and ~3 m above the water table at Location 3 (based on interpolation of groundwater 

level readings in the piezometer network).  

The Hokitika Airport 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 latter is equivalent to the 99th percentile total 5-day runoff for 
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the 1/1/2000 ς 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 seepage to ground on this low gradient terrain. Best estimate flows of < 1 L/s 

are provided in Table 4-8 accordingly.  

Table 4-8 Modelled runoff rates for runoff from the eastern half of the site  

Statistic Northeast corner Southeast corner 

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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Figure 4-7  Site drainage, investigation locations and domestic wells 
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Figure 4-8 Site drainage in 1988 
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Figure 4-9  NZ River Map modelled streams4 (yellow polylines)

 
4 See preceding discussion regarding the presence of these modeled watercourses 
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Figure 4-10 Photos of south east site corner hydrology after heavy rainfall 
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4.7 Groundwater Resources 

We are aware of three domestic supply wells within the vicinity of the site as per Figure 4-7. We understand that 

these wells comprise augured boreholes which penetrate ~2m below the normal water table surface to relatively 

shallow depths less than 8 m BGL.  

The closest registered water supply bore is located at aņƘƛƴŀǇǳŀ Hotel approximately 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 knowledge of York Block hydrogeology has largely been derived from the 2016 ς 2022 

investigations by Sephira Environmental and Kǁmanawa Solutions. A total of 21 piezometers were installed 

across the wider landform centred on the 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 sampling were undertaken in 2019. Automated, digital 

logging of groundwater level was undertaken in selected piezometers along the ¢ǹǿƘŀǊŜǿƘŀǊŜ littoral from 

2022 to present. 

The ground is fully saturated from elevations below 2.2 - 3.0 m AMSL depending on the location of the measuring 

bores relative to the Tasman Sea or ¢ǹǿƘŀǊŜǿƘŀǊŜ, which form the main discharge boundaries to the 

groundwater system. Groundwater gradients and flow are generally west to south-west through the shoreline 

sand deposits, and presumably also the underlying gravelly layers (Sephira Environmental, 2019a). Water table 

contouring for September and November 2019 noted the presence of an apparently persistent groundwater 

divide between the predominant gradient towards the sea backed onto a small strip of the groundwater system 

grading southeast towards ¢ǹǿƘŀǊŜǿƘŀǊŜ (Sephira Environmental, ibid). A more detailed evaluation of the local 

groundwater system is provided in Section 5.  

4.8 Baseline water 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 from ¢ǹǿƘŀǊŜǿƘŀǊŜ on 29th June 2016, and then five surface water samples 

were taken from different areas along ¢ǹǿƘŀǊŜǿƘŀǊŜ on 17th November 2019; these sites are as follows and are 

shown in Figure 4-11.  

¢ǹǿƘŀǊŜǿƘŀǊŜ ǿŀǎ ǎŀƳǇƭŜŘ ƻƴ нф WǳƴŜ нлмс ƻƴ ŀ ǎƛƴƎƭŜ ƻŎŎŀǎƛƻƴ ŀǘ ǘƘŜ DŀǘŜǿŀȅ ǎƛǘŜ ό{ŜǇƘƛǊŀΩǎ {ƛǘŜ пύΦ 

Subsequently on 17 November 2019, surface was sampled as follows ς 

¶ Lake Mņhinapua at camping ground (Sephira Site 7, SW-3) 

¶ Lake Mņhinapua beach walk (Sephira Site 8, SW-4) 

¶ ¢ǹǿƘŀǊŜǿƘŀǊŜ at Gateway (Sephira Site 4, SW-5) 

¶ ¢ǹǿƘŀǊŜǿƘŀǊŜ at Tramway Bridge (Sephira Footbridge Site 3, SW-2) 

¶ ¢ǹǿƘŀǊŜǿƘŀǊŜ at Highway (Sephira Site 1, SW-1) 

Two groundwater samples were collected, one from HSSC-003 and one from HSSC-004. The sample suite and 

results from both the surface and groundwater samples are shown below in Table 4-9. Only total metals were 

tested for in these initial samples; dissolved concentrations were not determined. Environmental standards are 

set for dissolved rather than total metal concentrations; total concentrations include metals bound within any 

suspended sediment in the sample and hence total concentrations are aften correlated with suspended 

sediment concentrations. Total concentrations cannot be directly equated to the potential for stream health 

effects, other than providing an upper limit for potential dissolved concentrations.  In samples with very low 

suspended sediment concentrations, dissolved and total concentrations should be similar.  
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The analysis of the 2016 ς 2019 lab results from surface water and their comparison against a relevant standard 

(ANZECC 2000 Freshwater 99% level of protection & 95% of species), revealed total concentrations in 

¢ǹǿƘŀǊŜǿƘŀǊŜ routinely exceeded the dissolved concentration freshwater guideline concentrations for pH, 

total chromium, total cobalt, total copper, and total zinc. This is likely to relate to the presence of suspended 

sediment in the samples. The creek water was also enriched in aluminium, iron, and manganese, probably as a 

result of seepage contributions from the upstream catchments groundwater and wetlands. Given the absence 

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

 

Figure 4-11: Sephira Environmental surface water monitoring locations [Source: Sephira Environmental 
(2019b)]
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Table 4-9: Water vǳŀƭƛǘȅ ŀƴŀƭȅǘƛŎŀƭ ǊŜǎǳƭǘǎ ŦƻǊ ǎǳǊŦŀŎŜ ǿŀǘŜǊ ŀƴŘ ƎǊƻǳƴŘǿŀǘŜǊ όάI{{/-Ȅάύ from Sephira Environmental (2019b) investigation5 

Analyte Units ¢ǹǿƘŀǊŜǿƘ
are 
29/06/2016 

¢ǹǿƘŀǊŜǿƘ
are @ 
Highway 
17/11/2019 

¢ǹǿƘŀǊŜǿƘ
are @ 
footbridge 
17/11/2019 

Mņhinapua 
Lake 
Campsite 
17/11/2019 

aņƘƛƴŀǇǳŀ 
Lake beach 
walk 
17/11/2019 

¢ǹǿƘŀǊŜǿƘŀǊ
e near 
HSSC018 
17/11/2019 

HSSC-003 
(near 
¢ǹǿƘŀǊŜǿƘŀǊ
e) 
30/06/2016 

HSSC-004 
(near shore) 
30/06/2016 

pH  pH Units 6.6 6.2 
 

6.3 
 

6.3 
 

6.3 
 

6.2 
 6.1 6.1 

Total Hardness  g/m3 as 
CaCO3 

11.7 
6.12 6.58 7.2 8.2 6.87 13.5 58 

Electrical 
Conductivity 

 (EC) mS/m 5.2 
28.3 29 30 28.9 30 8.20 20.20 

Total 
Aluminium 

 g/m3 0.52 
0.344 0.29 0.453 0.302 0.29 0.41 0.101 

Total Barium _ _ _ _ _ _ _ 0.028 0.05 

Total Boron _ _ _ _ _ _ _ 0.105 0.0137 

Total Calcium  g/m3 2.9 1.4 1.5 1.7 2.1 1.6 3.3 18.5 

Total 
Chromium 

 g/m3 0.00087 
0.00025 0.00032 0.00045 < 0.00020 0.00033 0.00136 < 0.00053 

Total Cobalt  g/m3 0.00056 0.000055 0.000043 0.00018 0.000057 0.000059 0.0104 0.0013 

Total Copper  g/m3 < 0.000053 
 0.00034 0.00064 0.00071 0.00034 0.003 0.00196 0.00188 

Total Iron  g/m3 0.91 
 0.18 0.17 0.16 0.15 0.18 7.7 0.113 

Total 
Magnesium  

 g/m3 1.22 
 0.64 0.69 0.72 0.72 0.7 1.65 3.5 

Total 
Manganese 

 g/m3 0.112 
 0.0084 0.007 0.015 0.0091 0.012 2.8 0.026 

Total Nickel  g/m3 0.00055 
 0.00037 0.00034 0.00046 0.0003 0.00064 0.0127 0.0029 

Total Uranium   g/m3 0.000034 
 - - - - - 0.000032 0.000041 

Total Zinc   g/m3 0.0038 
 0.0011 0.0012 0.0022 < 0.0010 0.0095 0.0197 0.0054 

 

 
5 Note that these values are not comparable to environmental guideline values, which relate to dissolved rather than total constituents.  
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More recently, surface water grab samples were taken from ¢ǹǿƘŀǊŜǿƘŀǊŜ at the gateway site on 29 July 2022, 

25 August 2022, and 8 June 2023. A single sample was taken from the farm drain discharging into ¢ǹǿƘŀǊŜǿƘŀǊŜ 

near the Gateway site on 25 August 2022. The analysis focused on dissolved concentrations in contrast to the 

2016 ς 2019 samples. These results are shown in Table 4-10.  

The ¢ǹǿƘŀǊŜǿƘŀǊŜ water samples from the 2022-23 period indicated the creek was stable in its hydrochemistry 

and relatively dilute, with a Total Dissolved Solids concentration between 33 and 40 g/m3. 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 (DIN) concentrations and moderately elevated dissolved reactive phosphorus 

concentration consistent with anoxic release from wetland sediments.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



35 KSL 

 
 

 

Table 4-10: Surface water sample results 

Analyte Units ¢ǹǿƘŀǊŜǿƘŀǊŜ 
29/07/2022 
 

¢ǹǿƘŀǊŜǿƘŀǊŜ 
25/08/2022 
 

Cut-through drain 
25/08/2022 
 

¢ǹǿƘŀǊŜǿƘŀǊŜ 
08/06/2023 
 

¢ǹǿƘŀǊŜǿƘŀǊŜ 
27/09/2023 
 

DWSNZ MAV 
(health, 2022) 

DWSNZ 
(aesthetic, 
2022) 

ANZG 99th 
percentile DGV 
(2023) 
 

Sum of Anions  meq/L 
0.39 0.29 0.34 0.28 0.41 

_                   _                   _ 

Sum of Cations  meq/L 
0.45 0.34 0.57 0.34 0.48 

_ _ _ 

Turbidity  NTU 
1.2 1.19 3 1.83 0.73 

_ 
Җ р 

_ 

pH  pH Units 
6.7 6.4 5.2 6.4 7 

_ 
7 - 8.5 

_ 

Total Alkalinity  g/m3 as CaCO3 
6.7 5.6 3.3 6.4 10.3 

_ _ _ 

Bicarbonate  g/m3 at 25°C 
8.2 6.8 4 7.8 12.5 

_ _ _ 

Total Hardness  g/m3 as CaCO3 
9.2 6.7 8.9 7 12 

_ 
Җ нлл 

_ 

Electrical 
Conductivity 

 (EC) mS/m 
4.7 3.4 5.2 2.9 4.4 

_ _ _ 

Total Dissolved Solids  (TDS) g/m3 36 
 40 104 33 - 

_ Җ мллл 
 

_ 

Dissolved Calcium  g/m3 1.93 
 

1.46 
 

1.97 
 

1.6 
 

2.8 
 

_ _ _ 

Dissolved 
Magnesium 

 g/m3 1.08 
 

0.75 
 

0.96 
 

0.8 
 

1.25 
 

_ _ _ 

Dissolved Mercury  g/m3 < 0.00008 
 

< 0.00008 
 

< 0.00008 
 

< 0.00008 
 

- 
 

_ _ 0.00006 
 

Dissolved 
Molybdenum 

 g/m3 < 0.0002 
 < 0.0002 < 0.0002 < 0.0002 - 

_ _ _ 

Dissolved Potassium  g/m3 0.48 
 0.4 0.65 < 1.0 0.42 

_ _ _ 

Dissolved Silver  g/m3 < 0.00010 
 < 0.00010 < 0.00010 < 0.00010 - 

_ _ 0.00002 
 

Dissolved Sodium  g/m3 
5.1 3.6 5.9 3.2 4.6 

_ Җнлл 
 

_ 
 

Chloride  g/m3 
8.2 5.6 7.9 4.6 6.4 

_ Җнрл 
 

_ 
 

Total Ammoniacal-N  g/m3 
< 0.010 < 0.010 0.024 < 0.010 < 0.010 

_ _ _ 
 

Nitrite-N  g/m3 
0.003 0.002 0.008 0.004 

< 0.002 
 

0.92 _ _ 
 

Nitrate-N  g/m3 
0.007 0.01 0.016 0.011 < 0.002 

11.3 _ _ 
 

Nitrate-N + Nitrite-N  g/m3 
0.01 0.012 0.024 0.016 < 0.002 

11.3 _ _ 
 

Total Phosphorus   g/m3 
0.011 0.014 0.095 - - 

_ _ _ 
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Analyte Units ¢ǹǿƘŀǊŜǿƘŀǊŜ 
29/07/2022 
 

¢ǹǿƘŀǊŜǿƘŀǊŜ 
25/08/2022 
 

Cut-through drain 
25/08/2022 
 

¢ǹǿƘŀǊŜǿƘŀǊŜ 
08/06/2023 
 

¢ǹǿƘŀǊŜǿƘŀǊŜ 
27/09/2023 
 

DWSNZ MAV 
(health, 2022) 

DWSNZ 
(aesthetic, 
2022) 

ANZG 99th 
percentile DGV 
(2023) 
 

Sulphate  g/m3 
1.2 1.2 2.1 0.9 1.2 

_ Җ нрл 
 

_ 
 

Total Organic Carbon  (TOC) g/m3 
10.5 11.3 39 13.9 - 

_ _ _ 
 

Dissolved Aluminium  g/m3 0.23 
 

0.3 
 

0.69 
 

0.34 
 

0.20 
 

1 Җ лΦм 
 

0.027 
 

Dissolved Arsenic  g/m3 < 0.0010 
 

< 0.0010 
 

< 0.0010 
 

< 0.0010 
 

< 0.0010 
 

0.01 _ 0.0008 
 

Dissolved Boron  g/m3 0.007 
 

0.007 
 

0.008 
 

0.006 
 

0.006 
 

2.4 _ 0.34 
 

Dissolved Cadmium 

 

 g/m3 
< 0.00005 < 0.00005 

< 0.00005 
 

< 0.00005 
 

< 0.00005 
 

0.004 _ 0.00006 
 

Dissolved Chromium  g/m3 
< 0.0005 < 0.0005 

0.001 
 < 0.0005 < 0.0005 

0.05  0.00001 

Dissolved Copper  g/m3 
< 0.0005 

0.0008 
 

0.0014 
 0.0007 < 0.0005 

2 Җ м 
 

0.001 

Dissolved Cobalt g/m3 
< 0.0002 < 0.0002 

0.0003 
 

< 0.0002 
 

- 
 

_ _ _ 

Dissolved Iron  g/m3 0.14 
 

0.15 
 

0.69 
 

0.17 
 

0.14 
 

_   
          Җ лΦо 
 

_ 
 

Dissolved Lead  g/m3 0.00065 
 

0.0002 
 

0.00027 
 

< 0.00010 
 

< 0.00010 
 

0.01 _  0.001 

Dissolved 
Manganese 

 g/m3 0.0089 
 

0.0078 0.116 
 

0.0032 
 

0.005 
 

0.4 Җ лΦлп 
 

1.2 

Dissolved Nickel  g/m3 
0.0009 < 0.0005 0.0006 < 0.0005 < 0.0005 

0.08 _ 0.008 

Dissolved Zinc  g/m3 
0.0039 0.0067 0.007 0.0034 < 0.0010 

_ Җ мΦр 
 

0.024 

Note: values highlighted in red are those that exceed the 99 % protection of species ANZG Default Guidelines Values (DGV), values underlined exceed the DWSNZ aesthetic threshold and values in italics exceed 

the DWSNZ health standards. 

¢ǹǿƘŀǊŜǿƘŀǊŜ water clarity readings were initiated in September 2023: the first reading on 27/09/23 gave a back disk clarity of 0.85 m.
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4.8.2 Groundwater quality 

The evaluation of groundwater quality began in April 2016 with the taking of 12 samples of groundwater from 

the air-lift discharge of an Air-Core (reverse circulation, RC) drilling rig primarily sampling ore. Groundwater 

sampling and analysis for pathogen bacterial indicators and physio-chemical parameters (E coli, total coliforms, 

pH and salinity; plus total suspended solids, electrical conductivity, turbidity, acidity and total alkalinity for two 

samples). The sampling of groundwater between the coastline and ¢ǹǿƘŀǊŜǿƘŀǊŜ on three section lines 

crossing the Stewart and York blocks ƛƴŘƛŎŀǘŜŘ ǘƘŀǘ ǘƘŜ Ŏƻŀǎǘŀƭ ǇƭŀƛƴΩǎ ƎǊƻǳƴŘǿŀǘŜǊ ƘŀŘ ƭƻǿ ǎŀƭƛƴƛǘȅ ŀƴŘ ǿŀǎ 

essentially entirely fresh groundwater (Sephira Environmental, 2019b). 

Two baseline groundwater quality samples were taken on 30 June 2016, one sample from HSSC-003 within the 

site, in the southeast extreme of the block (Sephira Environmental, 2019b); these are shown in Table 4-9. In 

addition, a 50-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 of groundwater dissolved constituents.  

More recently two rounds of groundwater sampling were undertaken in three piezometers on 08/06/23 and 10 

piezometers on 21/09/23. The locations of these are shown in Figure 4-12. The sample results are shown in 

Table 4-11 and Table 4-12. 
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Figure 4-12: Locations of groundwater bores sampled in 2023 
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Dissolved concentrations are compared to the New Zealand Drinking Water Standards (health & aesthetic) and 

the ANZ DGV in  Table 4-11, given that groundwater in this area is used for drinking water in the Mananui area 

and also discharges to the ¢ǹǿƘŀǊŜǿƘŀǊŜ.  

All three June samples exceed the 99% of species protection ANZG DGV for aluminium, and one exceeds the 

DWSNZ aesthetic threshold. The sample from HSSC-018 also exceeds the 99% species protection ANZG DGV for 

copper and zinc. Five of the nine September 2023 groundwater samples exceed the aluminium threshold, two 

exceeded the zinc threshold and one sample exceeded the copper threshold. Such exceedances are common in 

shallow groundwater on the West Coast due to low groundwater oxygenation and abundant organic material 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 ability of in situ 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 the ¢ǹǿƘŀǊŜǿƘŀǊŜ.  

Nutrients as nitrogen and phosphorus are in low concentrations, other than contrastingly moderate 

concentrations of ammoniacal nitrogen, nitrite nitrogen and TKN in bore HSSC-018. Total Dissolved Solids, 

chloride and sodium are at low concentrations in all monitoring bores not significantly higher than the adjoining 

¢ǹǿƘŀǊŜǿƘŀǊŜ. Given the siteΩǎ Ŏƻŀǎǘŀƭ ŀǎǇŜŎǘΣ ǎŜŀ ǎǇǊŀȅ ƛƴ ǊŀƛƴŦŀƭƭ ŀƴŘ ŘǊȅ ŘŜǇƻǎƛǘƛƻƴ ƻŦ ǎŜŀ ǎŀƭǘ ǎƘƻǳƭŘ ƘŀǾŜ 

resulted in higher solute concentrations than evident in groundwater samples. The low groundwater 

concentrations are potentially indicative of high land surface recharge.
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Table 4-11: Groundwater sample results for bores sampled on 8 June 2023 

Analyte Units HSSC-003 
South-east 

 

HSSC-018 NE 
near 

Gateway 

HSSC-040 
Middle of 

York Block 

DWSNZ 
(health)  

DWSNZ 
(aesthetic) 

ANZG 99th 
percentile 
DGV (2023) 

 

Sum of Anions  meq/L 0.47 0.68 0.9 _ _ _ 

Sum of Cations  meq/L 0.48 0.77 0.88 _ _ _ 

Turbidity  NTU 1.95 11.5 26 _ 
Җ р 

_ 

pH  pH Units 5.8 5.9 6.3 _ 
7 - 8.5 

_ 

Total Alkalinity  g/m3 as CaCO3 6.7 22 18.4 _ _ _ 

Bicarbonate  g/m3 at 25°C 8.2 27 22 _ _ _ 

Total Hardness  g/m3 as CaCO3 12 19 27 _ 
Җ нлл 

_ 

Electrical Conductivity  (EC) mS/m 5.4 8.2 10.5 _ _ _ 

Total Suspended Solids  g/m3 26 6 38 _ _ _ 

Total Dissolved Solids  (TDS) g/m3 47 55 60 _ Җ мллл 
 

_ 

Dissolved Calcium  g/m3 2.7 4.4 7.5 _ _ _ 

Total Iron  g/m3 0.38 4.5 0.91 _ _ _ 

Dissolved Lithium  g/m3 0.0012 0.0007 0.001 _ _ _ 

Dissolved Magnesium  g/m3 1.2 2.1 2.1 _ _ _ 

Dissolved Mercury  g/m3 < 0.00008 < 0.00008 < 0.00008 _ _ 0.00006 
 

Total Mercury  g/m3 < 0.00008 < 0.00008 < 0.00008 0.007 _ _ 

Dissolved Molybdenum  g/m3 < 0.0002 < 0.0002 0.0003 _ _ _ 

Dissolved Potassium  g/m3 1.1 3 3.1 _ _ _ 

Dissolved Silver  g/m3 < 0.00010 < 0.00010 < 0.00010 _ _ 0.00002 

Dissolved Sodium  g/m3 5 4.7 5.8 _ Җн00 _ 

Chloride  g/m3 6.9 4.2 9.1 _ Җнрл 
 

_ 

Total Ammoniacal-N  g/m3 < 0.010 0.42 < 0.010 _ _ _ 

Nitrite-N  g/m3 < 0.002 0.012 < 0.002 0.92 _ _ 

Nitrate-N  g/m3 1.38 0.062 2 11.3 _ _ 

Nitrate-N + Nitrite-N  g/m3 1.38 0.074 2 11.3 _ _ 

Total Kjeldahl Nitrogen  (TKN) g/m3 < 0.10 1.03 < 0.10 _ _ _ 

Diss. Reactive Phosphorus  (DRP) g/m3 < 0.004 < 0.004 < 0.004 _ _ _ 

Sulphate  g/m3 2.1 6 6.3 _ Җ нрл 
 

_ 

Total Organic Carbon  (TOC) g/m3 1.1 10.4 1.4 _  _ 

Dissolved Aluminium  g/m3 0.062 0.127 0.028 1 Җ лΦм 
 

0.027 

Dissolved Arsenic  g/m3 < 0.0010 < 0.0010 < 0.0010 0.01 _ 0.0008 
 

Dissolved Boron  g/m3 0.007 0.011 0.007 2.4 _ 0.34 
 

Dissolved Cadmium  g/m3 < 0.00005 < 0.00005 < 0.00005 0.004 _ 0.00006 
 

Dissolved Chromium  g/m3 < 0.0005 < 0.0005 < 0.0005 0.05 _ 0.00001 

Dissolved Cobalt  g/m3 < 0.0002 0.0028 0.001 _ _ _ 
 

Dissolved Copper  g/m3 0.0005 0.0027 < 0.0005 2 Җ м 
 

0.001 

Dissolved Iron  g/m3 < 0.02 0.8 < 0.02 _           Җ лΦо 
 

_ 
 

Dissolved Lead  g/m3 < 0.00010 0.00015 < 0.00010 0.01  0.001 

Dissolved Manganese  g/m3 0.029 0.76 0.078 0.4 Җ лΦлп 
 

1.2 

Dissolved Nickel  g/m3 0.0007 0.0012 0.0014 0.08 _ 0.008 

Dissolved Zinc  g/m3 0.0017 0.0057 < 0.0010 _ Җ мΦр 0.024 

Note: values highlighted in red are those that exceed the 99% protection of species ANZG DGV, values underlined exceed the DWSNZ 

aesthetic threshold and values in italics exceed the DWSNZ health standards
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Table 4-12 Groundwater sample results from 21/09/23 

Analyte Units HSSC-003  
 

HSSC-018 HSSC-025 HSSC-027 HSSC-030 HSSC-032 HSSC-033 HSSC-036 HSSC-040 HSSC-043 
 

DWSNZ 
(health)  

DWSNZ 
(aesthetic) 

ANZG 

 

Sum of Anions  meq/L 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 2.5 97 4.7 11.5 _ Җ р _ 

pH  pH Units 5.9 6.1 6.6 6.5 6.8 6.4 6.8 6.7 6.5 6.4 _ 7 - 8.5 _ 

Total Alkalinity  g/m3 as CaCO3 7 18.6 14.3 16.7 25 27 20 16.7 18.2 11.3 _ _ _ 

Bicarbonate  g/m3 at 25°C 8.6 23 17.4 20 30 33 25 20 22 13.7 _ _ _ 

Total Hardness  g/m3 as CaCO3 13.7 20 19.6 28 31 26 25 43 27 16.2 _ Җ нлл _ 

Electrical Conductivity  (EC) mS/m 7 9.4 7.1 8.9 9.2 8.7 9.5 8.4 10.2 7.1 _ _ _ 

Dissolved Calcium  g/m3 3 4.8 6.9 9.9 10.9 8.9 8.6 15.6 7.3 5.1 _ _ _ 

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 3.6 1.99 3 3.5 _ _ _ 

Dissolved Sodium  g/m3 6 5.9 4 4.1 3.9 6 4.8 4.2 6.1 4 _ Җнлл _ 

Chloride 
 g/m3 10.6 11.1 3 6.2 7 3.1 7.1 6.7 8.8 6.6 _ 

Җнрл 
 

_ 

Nitrite-N  g/m3 < 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/m3 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 4.8 10.1 7.7 5.3 5 5.6 5 6.6 5.9 _ 

Җ нрл 
 

_ 

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 
Җ лΦм 
 

0.027 

Dissolved Arsenic 
 g/m3 < 0.0010 < 0.0010 < 0.0010 < 0.0010 < 0.0010 < 0.0010 < 0.0010 < 0.0010 < 0.0010 < 0.0010 0.01 _ 

0.0008 
 

Dissolved Boron 
 g/m3 0.008 0.009 0.007 0.007 0.008 0.013 0.008 0.007 0.008 0.007 2.4 _ 

0.34 
 

Dissolved Cadmium 
 g/m3 < 0.00005 < 0.00005 < 0.00005 < 0.00005 < 0.00005 < 0.00005 < 0.00005 < 0.00005 < 0.00005 < 0.00005 0.004 _ 

0.00006 
 

Dissolved Chromium  g/m3 < 0.0005 0.0009 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 0.05 _ 0.00001 

Dissolved Copper 
 g/m3 0.0005 0.0039 < 0.0005 < 0.0005 0.0007 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 2 

Җ м 
 

0.001 

Dissolved Iron 
 g/m3 < 0.02 2.2 < 0.02 < 0.02 0.05 < 0.02 0.05 < 0.02 0.02 <0.02 _ 

          Җ лΦо 
 

_ 
 

Dissolved Lead  g/m3 
< 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 
0.0027 0.62 0.0036 0.0025 0.0066 0.036 0.005 0.34 0.054 0.022 

0.4 Җ лΦлп 
 

1.2 

Dissolved Nickel  g/m3 
0.0006 0.0014 < 0.0005 < 0.0005 < 0.0005 < 0.0005 <0.0005 0.0029 0.0013 < 0.0005 

0.08 _ 0.008 

Dissolved Zinc  g/m3 
0.0015 0.0039 < 0.0010 < 0.0010 < 0.0010 0.0012 0.74 < 0.0010 < 0.0010 < 0.0010 

_ Җ мΦр 0.024 

Note: values highlighted in red are those that exceed the 99% protection of species ANZG DGV, values underlined exceed the DWSNZ aesthetic threshold and values in italics exceed the DWSNZ health standards 
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5 CONCEPTUAL HYDROLOGICAL MODEL 

5.1 Hydrogeological data inventory 

5.1.1 Piezometers and test bores installed 

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

(100 mm ID) pumping test bores were installed in the period 2016 to 2019 (Sephira Environmental, 2019a). The 

2016 and 2019 sonic method drilling campaigns provided for the installation of seventeen (17) x 50 mm diameter 

piezometers across the 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 were drilled and installed at three separate 

locations in the northeast, middle and southwest of the site.  

Test bores HSSC047 and HSSC035 were drilled adjacent to each other in the northeast due to the loss of HSSC-

035 from heaving sand. Only HSSc-047 was successfully pump tested. Test bore HSSC-041 was located towards 

the middle of the block. Test bore HSSC046 was located towards the southwest corner of the block, adjacent 

to SH6 and the site of a trench injection test. Test 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 of instances, test observation bores 

were drilled and installed in 50 mm diameter at 15 m or 20 m distances from the test pumping bore due to the 

lack of existing piezometers to observe aquifer drawdown during the tests.  

Table 5-1 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 pump-out tests where groundwater was 

discharged to ground or farm drain so as not to 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 diameter steel bar as slug, and pressure 

transducer ς 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 across the ore sands that will 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 provided estimates of hydraulic 

properties for all material layers influenced by the test. 

The construction of test bore HSSC-035 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 bore (HSSC-047) was drilled and 

installed at the slightly shallower depth of 7 m BGL. 
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Table 5-1: Piezometer and Test Bore Construction Dimensions 

Piezometer Northing 

(m NZTM) 

Easting 

(m NZTM) 

Total 

Depth      

(m BGL) 

Measurin

g Point 

Elevation 

(m AMSL) 

Ground 

Elevation 

(m AMSL) 

Screened Interval 

(m BGL) 

HSSC003 5261333 1429326 11 9.75 9.66 6 to 9 

HSSC004 5261627 1428282 8.9 5.61 5.38 5.9 to 8.9 

HSSC016 5262575 1429147 9.3 5.94 5.87 5.3 to 8.3 

HSSC017 5262573 1429146 20 5.95 5.9 17 to 20 

HSSC018 5262267 1429717 7 5.44 5.34 4 to 7 

HSSC019 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 2.6 to 5.6 

HSSC027 5262736 1429590 10.6 5.61 5.66 4 to 10 

HSSC030 5262603 1429858 10.6 4.1 4.16 3 to 9 

HSSC031 5262587 1429926 10.6 5.51 5.74 4.2 to 10 

HSSC032 5262586 1429927 6.5 5.59 5.57 3.4 to 6.4 

HSSC033 5262644 1429766 10.6 7.95 8.03 8 to 11 

HSSC034 5262631 1429771 8 7.88 7.95 6 to 8 

HSSC036 5261932 1429700 12.1 11.96 12.03 11.

3 

to 12 

HSSC037 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 8.5 to 11 

HSSC043 5261451 1428950 9.1 6.3 6.36 7.1 to 9.1 

HSSC044 5261442 1428688 12.2 7.37 7.71 7.6 to 11 

HSSC045 5261434 1428673 10.6 6.55 6.89 7.6 to 11 

HSSC035* 5262640 1429775 8 Test Bore 7.7 6 to 8 

HSSC041 5261873 1429126 10.7 Test Bore 6.57 9.3 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 ground surface (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 HSSC035 filled with fine sand and failed to pump groundwater. Substituted with 

slightly shallower HSSC047 
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Table 5-2: Summary of pumping test information and settings 

 
Test on HSSC-041 Test on HSSC-046 Test on HSSC-047 

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) 1.4 2.41 2.0 

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

Mean Flow Rate (L/s) 1.71 3.32 0.21 

Observation bore  HSSC-040 HSSC-045 HSSC-033 

Observation bore Radius (m) 15 12.4 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 AnAqSim was deployed to match the 

observed and modelled aquifer drawdown for two 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. Table 5-3 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, combined storativity and horizontal / vertical anisotropy. 

Table 5-3: Summary of Pumping Test Analysis Results using AnAqSim 

 
Test on HSSC-041 Test on HSSC-046 Test on HSSC-047 

Ore Sand Horizontal Hydraulic 
Conductivity, Kh (m/d)  

72 317 14 

Ore Sand saturated thickness (m)  3.4 1.2 1.2 

Ore Sand Transmissivity, T (m2/d)  245 380 17 

Ore Sand Specific Yield, Sy 
(dimensionless) 

0.10 0.10 0.15 

  
   

Upper MCG Kh (m/d)  302 187 518 

Upper MCG sat. thickness (m)  3.6 3.9 3.0 

Upper MCG T (m2/d)  1,089 730 1,555 

  
   

Combined T of ore & upper MCG* 
(m2/d)  

1,333 1,110 1,572 

S of ore & upper MCG 5 x 10-5 5 x 10-5 5 x 10-5 

  
   

Kh/Kv Ratio 5 2 5 

Notes: MCG Medium-Coarse Gravel 
 

T Transmissivity  
S Storativity 
Kh/Kv Ratio is the ratio of horizontal to vertical hydraulic conductivity 
* The sum of Ore and Upper MCG transmissivity across the combined saturated thickness of 

both material layers. 
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The pumping test analysis and results indicate that the Holocene shoreline sands that form the mineral ore are 

significantly less permeable (i.e., lower hydraulic conductivity) than the muddy gravel deposits except for the 

test on bore HSSC-046. This finding is intuitively what hydrogeologists would expect in the contrasting of these 

ƳŀǘŜǊƛŀƭǎΩ ƘȅŘǊŀǳƭƛŎ Ǉroperties. It is worth noting that the combined transmissivity of all three tests lies in the 

range of 1,110 to 1,570 m2/d, which would be considered reasonably close for heterogeneous materials such as 

occur at Mananui. This is potentially consistent with the generalised flow parameter of transmissivity being 

relatively homogeneous across the site. 

The storage coefficients of specific yield and storativity cannot be 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 deposits or Late Pleistocene gravel deposits. The 

storativity of 5 x 10-5 is more directly relevant to the stratified, deeper parts of the sequence at Mananui. 

5.2.2 Trench testing 

The trench tests undertaken on the site by Sephira Environmental (2019a, Appendix C) were infiltration falling 

head tests. The test data was analysed once more with the help of AnAqSim to match the measured water levels 

time series and the inflow rate. Trench 1 and Trench 2 were side by side adjacent to ¢ǹǿƘŀǊŜǿƘŀǊŜ near 

monitoring bore HSSC-018. Trench 3 was excavated adjacent to test bore HSSC-046 in the southwest corner of 

the site and received water pumped from the 100 mm diameter test bore at a rate of 5.5 L/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 only 14½ minutes, attesting to 

the unstable conditions of the excavation. 

Table 5-4: Summary of Trench Test Information and Settings 

Parameter Trench-1 Trench-2 Trench-3 

Static DTW (m BGL) 2.7 2.7 5.6 

Duration of water injection (min) 14.5 12 7 

Inflow Rate (L/s) 3.5 3.5 5.55 

Trench to Trench Distance (m) 10 10 _ 

The AnAqSim analysis assumed a saturated thickness of between 4.7 m and 5.7 m of ore sand and that the 

muddy coarse gravels were instrumental in receiving and distributing the inflowing groundwater. This might be 

a valid 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 table while the injection period was brief. As a result, the geometric configurations used in the AnAqSim 

analyses were less representative of the material layer incorporating the injected water. Table 5-5 summarises 

the interpreted analysis results from the three trench tests. 

¢ƘŜǎŜ ƘȅŘǊŀǳƭƛŎ ǇǊƻǇŜǊǘƛŜǎΩ ŜǎǘƛƳŀǘŜǎ ŀǊŜ ǎƻƳŜǿƘŀǘ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǇǳƳǇƛƴƎ ǘŜǎǘ ŀƴŀƭȅǘƛŎŀƭ ǊŜǎǳƭǘǎ ŦƻǊ ǘƘŜ ƻǊŜ 

sands. The results for the muddy coarse gravels would be more reliably taken from the pumping tests than the 

trench tests due to the uncertainty around 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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Table 5-5: Summary of Trench Test Analysis Results using AnAqSim 

Parameter Trench-1* Trench-2* Trench-3 

Ore Kh (m/d)  26 27 130 

Ore saturated thickness (m)  2.2 2.2 1.2 

Ore Transmissivity (m2/d)  57 60 156 
  

   

Upper MCG Kh (m/d)  173 187 101 

Upper MCG sat. thickness (m)  3.5 3.5 3.5 

Upper MCG T (m2/d)  605 655 353 

        
T of ore & upper MCG (m2/d)  662 715 508 

        

Kh/Kv Ratio 5 5 5 

Notes: MCG Medium-Coarse Gravel 

T Transmissivity 
S Storativity 
Kh/Kv Ratio is the ratio of horizontal to vertical hydraulic conductivity 
* Trench 1 pumped into Trench 2 and vice versa for their respective trench infiltration 

tests. These trenches were separated by only 10 m laterally. 

5.2.3 Slug testing 

Slug testing is carried out to estimate the hydraulic properties of an aquifer. The test involves instantaneously 

increasing or reducing the water level in a piezometer ōȅ ƛƴǎŜǊǘƛƴƎ ƻǊ ǊŜƳƻǾƛƴƎ ŀ άǎƭǳƎέ ǘƻκŦǊƻƳ ǘƘŜ ǇƛŜȊƻƳŜǘŜǊ 

below the water table. The slug typically comprises a plastic or metal cylinder of slightly smaller diameter than 

the piezometer. The water-level response in the piezometer is measured. 

Slug testing was undertaken on three individual piezometers HSSC-003, HSSC-004 and HSSC-018 using a 30 mm 

diameter steel slug of 2.0 m length and a volume of 1.41 litres of initial ŘƛǎǇƭŀŎŜƳŜƴǘΦ ¢Ƙƛǎ άǎƭǳƎέ induced a 

displacement 0.179 m in terms of the water level in a 50 mm diameter piezometer. The steel slug was 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 aquifer transmissivity that was 

measured as a time series in a high frequency pressure transducer ς datalogger. 

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

piezometer had a discrete material screened. For HSSC-003 the piezometer was screened across sand and fine 

gravel. This piezometer was unique in being unaffected by oscillation and data scatter. Piezometer HSSC-004 

was screed across medium to coarse gravel.  HSSC-018 was screened across two layers, medium to coarse sand 

and fine to medium gravel. The latter two piezometer slug test responses were affected by oscillation and data 

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

Table 5-6: Summary of Slug Test Analysis 

Parameter HSSC-003 Test 2  HSSC-004 Test 1  HSSC-004 Test 2  HSSC-018 

Bore Depth (m BGL) 9.0 8.9 8.9 6.95 

Screened Interval (m) 3 3 3 3 

Derived Kh (m/d)  254 36 43 44 

Derived Kh/Kv  4 4 4 4 

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

Notes: All analyses used the Dagan (1978) method 

Slug test results are considered inherently less precise or accurate compared to well-conducted pumping tests. 

The Dagan (1978) method is useful for unconfined aquifers with a water table crossing the screen and for use 
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with water level displacement collected during an over-damped slug test providing 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 HSSC-003. All other results 

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

The slug test on bore HSSC-018 coincided with the site of the Trench 1 and Trench 2 injection tests. Considering 

the 44 m/d horizontal hydraulic conductivity value derived from the slug test on HSSC-018, the trench test Kh 

results of 26 ς 27 m/d for Holocene shoreline sand would sit closest to the nearby slug test result. Studies of 

hydraulic testing theory and practice indicate the need to consider corrections to hydraulic conductivity values 

for slug tests versus values derived from pumping tests. 

5.3 Water levels & flow field 

The Sephira Environmental (2019a) investigations collected data from a distributed pattern or water level 

measurements in groundwater monitoring bores and along ¢ǹǿƘŀǊŜǿƘŀǊŜ in order to characterise the gradients 

and directions of water flow within and around the site. 

5.3.1 Cross-section from ¢ǹǿƘŀǊŜǿƘŀǊŜ to SH6 

! ǇŀǘǘŜǊƴ ƻŦ мл ǇƛŜȊƻƳŜǘŜǊǎ ƻŦ ǘŜǎǘ ōƻǊŜǎ ŘǊƛƭƭŜŘ ŀƭƻƴƎ ǘƘŜ ōƭƻŎƪΩǎ ƴƻǊǘƘŜǊƴ ōƻǳƴŘŀǊȅ ǿƛǘƘ ǘƘŜ aŀƴŀƴǳƛ ¢ǊŀƳƭƛƴŜ 

embankment provides the opportunity to profile the geological materials and measured water levels in the creek 

and groundwater. The cross-section drawn in Figure 5-1 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 cross-section provides information from which to estimate the position of the flow divide between land 

contributing groundwater flow to ¢ǹǿƘŀǊŜǿƘŀǊŜ and on the 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. 

 

Figure 5-1: Schematic Cross-Section of York Block integrating land surface, bore log and groundwater 
monitoring data. Groundwater levels as per 29 November 2019 survey. [Source 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. The cross-section is potentially mis-

aligned with the principal directions of groundwater gradient, making the calculation of gradients using the data 

detailed in Figure 5-1 less representative of real hydraulic gradient. However, the hydraulic gradient in the plane 

of the above cross-section is steeper towards ¢ǹǿƘŀǊŜǿƘŀǊŜ than towards the ocean. This is consistent with the 

inferred position of the flow divide and relative distances to the creek or ocean. 

The cross-section presented in Figure 5-1 allows some observations as to York Block hydrogeology ς 

¶ Only a small portion of the medium sand material is below the water table and thus saturated. 
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¶ ¢ƘŜ ŎƻŀǊǎŜǊ ŀƴŘ ƎŜƴŜǊŀƭƭȅ ƳƻǊŜ ǇŜǊƳŜŀōƭŜ ǇŀǊǘǎ ƻŦ ǘƘŜ ōƭƻŎƪΩǎ ƎŜƻƭƻƎƛŎŀƭ materials such as coarse sand, 

sandy gravel, muddy gravel and coarse sand & gravel are the active materials within the groundwater 

system. 

¶ The flow divide could shift in response to climate or creek base level variation. 

5.3.2 Water table 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 vertical datum in terms of mean sea level. This allowed the correction 

of water depths to water elevations relative to mean sea level. Figure 5-2 displays an interpretative water table 

contour elevation map based on 29 November 2019 measurements. 

The contoured water table maps revealed a divided groundwater system with a portion in the east flowing into 

¢ǹǿƘŀǊŜǿƘŀǊŜ and the remainder of the site flowing 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 

was steeper on this date, at 0.011 (1.1% or 1:90). Groundwater at the eastern margin forms a seepage face at 

the foot of the steep embankment which separates the site from the riparian wetland and 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 table maps 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. 

 

Figure 5-2: Estimated water table contour map for site drawn from piezometer and creek water levels 
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5.3.3 Indications of Lateral Anisotropy 

The mode of transgressive strandline accretion and the remnant strandline ridges are the main indications of 

potential lateral anisotropy in hydraulic conductivity and transmissivity. The LiDAR Digital Elevation Model and 

aerial photography highlight the presence, density and trend of remnant beach ridges across the Stewart and 

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

¢ǹǿƘŀǊŜǿƘŀǊŜ and Lake aņƘƛƴŀǇǳŀ, and the Tasman Sea. In this report, the characteristics of the beach ridge 

lines can be discerned from the Figure 5-1 cross-section and the Figure 5-2 LiDAR - air photograph composite 

with shading highlighting the ground undulations. 

The remnant beach ridges have the following orientation ς 

¶ Mean ridge bearing of 015ɕ from north (sub-parallel to modern coastline), 

¶ Wavelength (ridge to ridge) 100 m, and  

¶ Amplitude range 1 m to 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 

ς Holocene sea levels rose and set down a coastal barrier at the beginning of the Holocene, approximately 8,700 

years before present, and forms a final transgressive ridge on a pre-Holocene surface. The ridge is shaped by 

washover and swash and longshore drift supplies the material for the building seawards of regressive ridges. In 

the case of the Mananui area a succession of up to ten regressive ridges have developed over the outwash gravel 

erosion surface between aņƘƛƴŀǇǳŀ Creek and the modern Tasman Sea coastline. The two ridges closer to 

¢ǹǿƘŀǊŜǿƘŀǊŜ are the higher and larger ridges which may be the initial strandlines. Alternatively, 

¢ǹǿƘŀǊŜǿƘŀǊŜ may have removed the initial strandline ridges by subsequent erosive action and transported 

the sand downstream. 

 

Figure 5-3: Idealised coastal strandline deposition and subsequent regressive progradation of coastal 
sediments leaving beach ridges [source McBride et al (2020)] 

The onlapping of wave-ǎƻǊǘŜŘ ƳŀǘŜǊƛŀƭǎ ǳǎǳŀƭƭȅ ƛƳǇŀǊǘǎ ŀ ΨƎǊŀƛƴΩ ƻǊ lateral anisotropy to groundwater 

permeability within the coastal sand deposits. Given the orientation of these draping surfaces, this usually 

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

ridges. Aquifer testing can in some instances determine lateral anisotropy. However, in the case of the aquifer 

testing campaign of September 2019, the distances from which the observation bores were 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 2016-17 from the Sephira Environmental (2019) reporting 

and more recent 2022-23 periods. A complete sequence of approximately fortnightly groundwater level 

measurements was observed in five monitoring bores from January to July 2017, encompassing the dropping 

late summer groundwater levels followed by an equivalent rise in the same bore water levels beginning in late 

autumn. Figure 5-4 shows the groundwater level trend in all bores on the elevation axis. 

5.3.4.1 2016-17 Groundwater Level Monitoring 

Monitoring of groundwater levels in 2016-17 used fortnightly manual dips of five existing monitoring bores. The 

location of the bores is shown in Figure 5-5. This monitoring preceded additional test bore and aquifer testing 

undertaken in 2019 but coincided with some surface water elevation monitoring carried out along the course of 

¢ǹǿƘŀǊŜǿƘŀǊŜ. The mapping of the 12 August 2016 coincident groundwater ς surface water elevations allows 

the conclusion that Mananui shallow groundwater has gradients along a slender strip into ¢ǹǿƘŀǊŜǿƘŀǊŜ, while 

the remainder of the property drains groundwater towards the Tasman Sea coastline, as indicated in Figure 5-5. 

A feature of the groundwater monitoring in 2016-17 was the concurrent monitoring of levels in the shallow and 

deep piezometer screen depths at the HSSC-16/17 site adjacent to SH6. The shallower piezometer was screened 

from 5.3 to 8.3 m BGL in ore 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 HSSC-017, implying an upward vertical gradient. The inferred 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. 

 

Figure 5-4: Groundwater elevations of five monitoring bores across Mananui 
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Figure 5-5: Location of groundwater level monitoring bores, plus inferred contours and flow directions 

Figure 5-4 and Figure 5-5 provide a picture of groundwater level patterns. The bore HSSC-004 is located just 

behind the coastline in Figure 5-5, while Figure 5-4 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, bore HSSC-018 

rests on the groundwater flow divide between Tasman Sea and ¢ǹǿƘŀǊŜǿƘŀǊŜ, thus Figure 5-4 shows it is the 

highest groundwater elevation, while tracing the same groundwater level pattern in the first part of 2017. The 

other intervening height bores each appear to mimic the pattern of groundwater level variation between the 

higher and lower groundwater elevation bores. 

5.3.4.2 2022-23 Groundwater Level Monitoring 

Partial groundwater level records were captured for three existing monitoring bores along the eastern margin 

of ¢ǹǿƘŀǊŜǿƘŀǊŜ. They all display similar gross patterns of groundwater fluctuation and water level elevation. 

Figure 5-6 plots the three groundwater level monitoring bores HSSC-037, 018, and 031 from August 2022 to 

August 2023. Lower groundwater levels correspond to summer and early autumn seasons. However, high creek 

levels or spikes in creek level are observed to result in corresponding increases in groundwater level in all 

recording loggers. 
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Figure 5-6: August 2022-23 bore level time series in terms of common groundwater elevation w.r.t. AMSL 

All level loggers in Figure 5-6 are located within 110 m of ¢ǹǿƘŀǊŜǿƘŀǊŜ and on the east side of the groundwater 

flow divide indicated in Figure 5-1 and Figure 5-2. 

5.4 ¢ǹǿƘŀǊŜǿƘŀǊŜ and riparian wetland 

5.4.1 Hydrogeology 

The hydrogeology of the wetland was characterised in August 2023 via excavation of 18 hand-augered drill holes 

with a mean depth of 1.2 m. The results of the investigation provided in Appendix 1 identified the following 

lithology: 

¶ Top 50-100mm Low to medium hydraulic conductivity peaty soils 

¶ 100-250mm Low hydraulic conductivity organic sand with a silt matrix 

¶ 150τ200mm Medium to low hydraulic conductivity organic sand with a silt matrix 

¶ > 600 mm depth (typically) Medium hydraulic conductivity coarse sand 

The immediate wetland substrate typically comprises fine organic sediments as per Figure 5-7 
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Figure 5-7 Wetland substrate at site WA03 

5.4.2 Water levels 

{ŜǇƘƛǊŀ 9ƴǾƛǊƻƴƳŜƴǘŀƭ όнлмфŀύ ƛƴŎƭǳŘŜŘ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ǘƘŜ ǿŀǘŜǊ ƭŜǾŜƭ ŜƭŜǾŀǘƛƻƴ ƻŦ ¢ǹǿƘŀǊŜǿƘŀǊŜ ŀǘ ŦƻǳǊ 

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 across the southern diversion drain was recorded on three occasions, including 

17 November 2019. Table 5-7 lists these water level measurements in terms of mean sea level reference. 

Table 5-7Υ {ǳƳƳŀǊȅ ƻŦ {ǳǊŦŀŎŜ ²ŀǘŜǊ [ŜǾŜƭ aŜŀǎǳǊŜƳŜƴǘǎ ŀƭƻƴƎ ¢ǹǿƘŀǊŜǿƘŀǊŜ ƳŀŘŜ ƛƴ нлмф 

Level Site Easting Northing Water Level Elevation (m AMSL) on Date 

 (NZTM) (NZTM) 12 Aug 2016 29 Nov 2019 17 Nov 2019 September 2019 

Creek-1*  1429373 5261031 2.13 2.179 _ 1.81 

Creek-2 1429751 5261452 _ 2.252 _ 1.85 

Creek-3 1429828 5262174 _ 2.265 _ 1.87 

Creek-4¥ 1430043 5262574 2.16 2.288 _ 1.87 

Diversion 
pond~ 

1429667 5261645 _ 2.61 2.72 1.94 

bƻǘŜΥ άƳ !a{[έ Ґ ƳŜǘǊŜǎ !ōƻǾŜ aŜŀƴ {Ŝŀ [ŜǾŜƭΤ ϝ!ǘ aŀƴŀƴǳƛ ¢ǊŀƳƭƛƴŜ CƻƻǘōǊƛŘƎŜΤ ¥ !ǘ [ŀƪŜ aņƘƛƴŀǇǳŀΤ ŀƴŘ Ϥ !ǘ ŀ ǇƻƴŘ 

located across the southern diversion channel shown in Figure 4-7. All creek water level site locations are mapped in Figure 

5-2. 

! ǎǘŀƎŜ ƳƻƴƛǘƻǊƛƴƎ ǎƛǘŜ ǿŀǎ ƛƴǎǘŀƭƭŜŘ ƛƴ ¢ǹǿƘŀǊŜǿƘŀǊŜ ƛƴ Wǳƭȅ нлннΣ Řŀǘŀ ŦǊƻƳ ǿƘƛŎƘ ŀǊŜ ǇƭƻǘǘŜŘ ƛƴ Figure 5-8. 

The data give a range of ~1.3 m to 3.0 m asl. Several gaps are present due 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 re-installed at a lower elevation in May 2023, when a site visit coincided with a time of 

sufficiently low creek stage.  
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Figure 5-8Υ ¢ǹǿƘŀǊŜǿƘŀǊŜ ǎǘŀƎŜ 

Figure 5-10 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 shown in Figure 4-7, Figure 4-8 and Figure 5-9 show that 

the wetland is frequently inundated by the creek/lake.  

  

Figure 5-9 ¢ǹǿƘŀǊŜǿƘŀǊŜ ǊƛǇŀǊƛŀƴ ǿŜǘƭŀƴŘ ǳƴŘŜǊ ƭƻǿ όƭŜŦǘύ ŀƴŘ ƘƛƎƘ όǊƛƎƘǘύ ŎǊŜŜƪ ǎǘŀƎŜ ŎƻƴŘƛǘƛƻƴǎ 

 

 






















































































































