


  

 

ASSESSMENT OF GROUNDWATER AND SETTLEMENT EFFECTS ii 

 

Qualifications and experience of the author 

My full name is Gregory Maitland Sheppard. I hold a Bachelor of Science degree in Geology (1993) and a 
Master of Science degree in Engineering Geology from University of Canterbury (1996). I work for Jacobs 
New Zealand Limited as a Principal Hydrogeologist. I have been in this position since August 2016. Prior to 
that I was employed as a Principal Hydrogeologist with RPS Aquaterra in both New Zealand and Australia, 
and prior to that I held several hydrogeological roles in Australia. I have a total of 29 years’ experience as a 
hydrogeological consultant. 

My experience relevant to this Application includes providing groundwater advice and completing 
groundwater assessments for numerous roading and linear infrastructure projects within New Zealand and 
Australia including: 

▪ Lead hydrogeologist – M1 Pacific Motorway extension to Raymond Terrace, Transport for New South 
Wales. Groundwater Assessment in support of Environmental Impact Statement. 

▪ Lead hydrogeologist – Penlink Tender Design, New Zealand Transport Agency Waka Kotahi. 
Groundwater input to tender design and resource consent investigations. 

▪ Lead hydrogeologist – Quakers Hill to Prospect Reservoir purified recycled water pipeline, Sydney 
Water. Groundwater Assessment in support of Environmental Impact Statement. 

▪ Lead hydrogeologist – Quakers Hill WRRF Advanced Treatment Upgrade Project and brine pipeline, 
Sydney Water. Groundwater Assessment in support of Review of Environmental Factors. 

▪ Lead hydrogeologist – Khyber Pass Road Stormwater Upgrade, Auckland Council Healthy Waters. 
Groundwater Assessment of Effects in support of Assessment of Environmental Effects. 

▪ Lead hydrogeologist – ANZAC Street Stormwater upgrade, Auckland Council Healthy Waters. 
Geotechnical and Groundwater Assessment of Effects in support of Assessment of Environmental 
Effects. 

Although this matter is not before the Environment Court, I confirm that I have read the Code of Conduct for 
expert witnesses as contained in section 9 of the Environment Court Practice Note 2023. I agree to comply 
with that Code. My qualifications as an expert are set out above. I am satisfied that the matters which I 
address in this report are within my area of expertise, except where I state that I am relying on information 
provided by another person or expert. I have not omitted to consider material facts known to me that might 
alter or detract from the opinions I express.



  

 

ASSESSMENT OF GROUNDWATER AND SETTLEMENT EFFECTS iii 

 

Contents 

Qualifications and experience of the author................................................................................................. ii 

Contents .......................................................................................................................................................... iii 

Appendices ..................................................................................................................................................... iv 

Tables............................................................................................................................................................... iv 

Figures ............................................................................................................................................................. iv 

Acronyms, definitions and abbreviations .................................................................................................... vi 

1. Introduction ............................................................................................................................................ 1 

1.1 Purpose and scope of this report .................................................................................................. 1 

2. Assessment methodology .................................................................................................................... 1 

2.1 Desktop study................................................................................................................................ 1 

2.2 Site investigations ......................................................................................................................... 1 

2.2.1 Permeability testing ............................................................................................................. 2 

2.2.2 Groundwater sampling and analysis ................................................................................... 2 

2.2.3 Groundwater level monitoring ............................................................................................. 3 

2.3 Modelling ....................................................................................................................................... 5 

2.4 Ground settlement ......................................................................................................................... 5 

2.5 Assessment of effects ................................................................................................................... 5 

3. Receiving environment ......................................................................................................................... 5 

3.1 Surface water ................................................................................................................................ 5 

3.2 Wetlands ....................................................................................................................................... 5 

3.3 Geology ......................................................................................................................................... 6 

3.4 Hydrogeology ................................................................................................................................ 8 

3.4.1 Hydrostratigraphic units ...................................................................................................... 8 

3.4.2 Desktop study – permeability .............................................................................................. 8 

3.4.3 Site investigations – permeability ....................................................................................... 9 

3.4.4 Groundwater levels and flow ............................................................................................ 10 

3.4.5 Groundwater quality .......................................................................................................... 15 

3.4.6 Groundwater users ........................................................................................................... 19 

3.5 Potential for settlement ............................................................................................................... 21 

4. Predicted Project interactions with groundwater ............................................................................ 21 

4.1 Project cuts anticipated to interact with groundwater ................................................................. 21 

4.2 Groundwater seepage to excavations ........................................................................................ 25 

4.2.1 Methodology and assumptions ......................................................................................... 25 

4.2.2 Results .............................................................................................................................. 25 

4.3 Groundwater drawdown and settlement ..................................................................................... 26 

4.3.1 Methodology and assumptions ......................................................................................... 26 

4.3.2 Results .............................................................................................................................. 26 

4.4 Discussion of predicted changes to groundwater levels and groundwater diversion ................. 29 

5. Assessment of effects ........................................................................................................................ 30 

5.1 Assessment of construction effects ............................................................................................ 30 



  

 

ASSESSMENT OF GROUNDWATER AND SETTLEMENT EFFECTS iv 

 

5.1.1 Potential effects on other groundwater users ................................................................... 30 

5.1.2 Potential effects on surface water bodies and wetlands ................................................... 30 

5.1.3 Potential settlement effects ............................................................................................... 30 

5.2 Sensitivity testing of Indicative Design ........................................................................................ 31 

5.3 Assessment of operational effects .............................................................................................. 31 

5.4 Auckland Unitary Plan considerations ........................................................................................ 31 

6. Recommended measures to avoid, remedy or mitigate effects ..................................................... 33 

6.1 Construction effects .................................................................................................................... 33 

7. Conclusion ........................................................................................................................................... 33 

8. References ........................................................................................................................................... 34 

 

Appendices 

Appendix A. Borelogs 

Appendix B. Permeability testing 

Appendix C. Groundwater quality 

Appendix D. Groundwater level observations 

Appendix E. Seepage calculations 

Appendix F. Seep/W Pore Pressure Profiles 

 
 

Tables 

Table 2-1: Monitoring bore summary ................................................................................................................. 2 

Table 3-1: Formation hydraulic conductivity ...................................................................................................... 9 

Table 3-2: Hydraulic testing summary ............................................................................................................... 9 

Table 3-3: Watson Avenue – median water quality parameters (2015 to 2019) ............................................. 15 

Table 3-4: Project water quality parameters .................................................................................................... 17 

Table 3-5: Bores installed for domestic, stock or irrigation uses ..................................................................... 19 

Table 3-6: Indicative material stiffness – previous investigations.................................................................... 21 

Table 4-1: Interaction of major cut areas with groundwater ............................................................................ 23 

Table 4-2: Groundwater seepage to cuttings - unmitigated ............................................................................ 26 

Table 4-3: Predicted groundwater drawdown and ground settlement - unmitigated ....................................... 27 

Table 5-1: Building damage assessment criteria ............................................................................................ 30 

Table 5-2: Assessment of proposed activity against AUP groundwater provisions ........................................ 31 

 

Figures 

Figure 2-1: Site investigations ........................................................................................................................... 4 

Figure 3-1: Project Area geology ....................................................................................................................... 7 

Figure 3-2: Indicative groundwater level contours ........................................................................................... 11 

Figure 3-3: Groundwater level data ................................................................................................................. 12 

Figure 3-4: Project groundwater level observations ........................................................................................ 13 



  

 

ASSESSMENT OF GROUNDWATER AND SETTLEMENT EFFECTS v 

 

Figure 3-5: 6487007 - Selkirk Road Bore hydrograph ..................................................................................... 14 

Figure 3-6: 6487009 - Leslie Road Bore hydrograph ...................................................................................... 14 

Figure 3-7: Groundwater wells ........................................................................................................................ 20 

Figure 4-1: Royal Road station – Groundwater drawdown and settlement – unmitigated .............................. 27 

Figure 4-2: Huruhuru Road Underpass – Groundwater drawdown and settlement – unmitigated ................. 28 

Figure 4-3: Lincoln Road station – Groundwater drawdown and settlement – unmitigated ............................ 28 

Figure 4-5: Point Chevalier station – Groundwater drawdown and settlement - unmitigated ......................... 29 

 





  

 

ASSESSMENT OF GROUNDWATER AND SETTLEMENT EFFECTS  1 

 

1. Introduction 

1.1 Purpose and scope of this report  

This technical assessment has been prepared to inform a substantive application for the Northwest Rapid 
Transit Project (the Project) under the Fast-Track Approvals Act 2024 (FTAA). It forms part of a suite of 
specialist reports that collectively support the applications for statutory approvals.  

The purpose of this report is to evaluate the actual and potential effects of the Project on the environment in 

relation to groundwater and settlement. This report addresses the following matters:  

▪ The potential for significant excavations to intersect the groundwater table, including: 

- assessment of groundwater seepage to excavations; 

- assessment of groundwater drawdown; and 

- assessment of consolidation settlement. 

▪ Potential effects of groundwater drawdown on: 

- other groundwater users;  

- surface water bodies and wetlands; and 

- potential for settlement outside of the Proposed Designation (the area defined by the Proposed 
Designation boundary as shown on the Proposed Designation Plans in Part 6) boundary. 

This report should be read alongside the Substantive Application including the Assessment of Environmental 

Effects (AEE) in Part 4, which contains further details on the context of the Project. The Substantive 

Application also contains a description of works to be authorised and the typical construction methodologies 

that will be used to implement this work (refer to Part 2). I have reviewed this and have been considered as 

part of my assessment of effects. As such, they are not repeated here. Where a description of an activity is 

necessary to understand the potential effects, it has been included in this report for clarity. 

2. Assessment methodology 

This assessment addresses the actual and potential groundwater effects arising from the Indicative Design 
(the indicative design of the Project within the Project Area as shown on the Indicative Design drawings in 
Part 6 that will be confirmed during detailed design), as well as potential movement of the Indicative Design 
within the Proposed Designation (the area defined by the Proposed Designation boundary as shown on the 
Proposed Designation Plans in Part 6). 

The assessment was informed by a desktop study, Project specific groundwater investigations, and analytic 
and numerical modelling. 

2.1 Desktop study 

The desktop study characterised existing groundwater conditions across the Project Area (the Proposed 
Designation and the extent of the coastal occupation permits sought). The study reviewed publicly available 
databases and mapping, available scientific literature, and other relevant reports and investigations that have 
been undertaken in the broader area that may have collected groundwater information (e.g. geotechnical 
and contamination investigations). Information relating to geological conditions, groundwater levels and 
quality, formation hydraulic conductivity, surface water interaction, and other groundwater users, was 
reviewed as available. 

2.2 Site investigations 

Eleven monitoring bores were drilled and installed along the Indicative Design in areas of substantial 
cuttings, generally associated with either stations or underpasses. The borehole locations are shown on 
Figure 2-1. The borehole monitoring details are summarised in Table 2-1 and borelogs are provided in 
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The results of the groundwater analysis are discussed in Section 3.4.5.2 with laboratory analyses provided in 
Appendix C. 

2.2.3 Groundwater level monitoring 

Groundwater levels were measured manually at monitoring bores throughout the field investigations with up 
to seven rounds of monitoring at the earliest installed monitoring bores and four rounds of monitoring at the 
latest monitoring bores. 

Groundwater level monitoring results are discussed in Section 3.4.4.3 and groundwater level observations 
are attached in Appendix D. 
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Figure 2-1: Site investigations
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2.3 Modelling 

Analytical modelling of groundwater seepage to cuttings and excavations was undertaken using the methods 
of Mansur and Kaufman (1962) for the assessment of linear flow to excavations in an unconfined aquifer, as 
presented in Neville (2017). 

Groundwater response to excavations below the water table was modelled using GeoStudios’ Seep/W (Geo-
Slope, 2015). Seep/W is a finite element software component of GeoStudio, used for modelling two-
dimensional groundwater flow in porous media, considering both saturated and unsaturated conditions.  

Groundwater seepage to excavations and the resulting groundwater drawdown are discussed in Section 4.2 

and Section 4.3 respectively. Calculations and model outputs are provided in Appendix E and Appendix F. 

2.4 Ground settlement 

Potential formation consolidation and ground settlement resulting from groundwater drawdown was 
assessed using one-dimensional consolidation theory after CIRIA (2017) and is discussed in Section 4.3. 

2.5 Assessment of effects 

I assessed potential groundwater effects by: 

▪ Assessing the magnitude of potential groundwater drawdown and settlement resulting from cuttings 
below the water table at the Proposed Designation boundary. 

▪ Assessing the magnitude of potential groundwater drawdown at nearby sensitive receptors, such as 
groundwater users and surface water bodies (if any). 

▪ Assessing the magnitude of potential groundwater settlement at nearby buildings with comparison to 
building damage assessment criteria. 

3. Receiving environment  

3.1 Surface water 

There are a number of surface water bodies within and nearby to the Project Area. Surface water bodies 
may rely on groundwater in whole or in part to sustain their aquatic ecosystems. 

In the western Project Area, the Project crosses Oratia Stream, Huruhuru Creek, and Rarawaru Stream. 
North of Royal Road Mānutewhau station, the Project crosses Tihema Stream and Rush Creek, and north of 
Westgate Te Waiarohia station, the Project crosses Tōtara Creek and Pikau Stream. 

In the eastern Project Area, Western Springs Lake / Te Wai Ōrea is the major surface water feature, with 
Motions Creek to the east and Meola Creek to the west. Western Springs Lake / Te Wai Ōrea receives 
groundwater discharge from the Western Springs-Three Kings volcanic aquifer.  

3.2 Wetlands 

The AEE in Part 4 has identified two exotic wetlands within the Project Area that are consistent with the 

Resource Management Act 1991 (RMA) and National Policy Statement for Freshwater Management (NPS-

FM) definition of a wetland / natural inland wetland, including: 

▪ Wetland 1, located at 74 Trig Road, Whenuapai; and 

▪ Wetland 2, located at Eric Armishaw Park, Point Chevalier. 

While both of these exotic induced wetlands are within the Project Area, neither will be directly impacted by 
the Indicative Design and are away from areas of potential excavation and dewatering.  
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3.3 Geology 

Geology is the dominant control on the presence and movement of groundwater. The geology of the Project 
Area is mapped in the 1:250,000 scale geological map “Geology of the Auckland Area” (Edbrooke, 2001) 
and is shown in Figure 3-1. The Project Area is underlain by three main geological units as follows: 

▪ Holocene to Late Pliocene Tauranga Group alluvial and estuarine sediments: 

- Holocene alluvial and estuarine deposits. Comprising sand, silt mud and clay with local gravel and 
peat beds. 

- Puketoka Formation Late Pliocene to Middle Pleistocene pumiceous river deposits. Comprising 
pumiceous mud, sand and gravel with muddy peat and lignite: rhyolite pumice, including non-welded 
ignimbrite, tephra and alluvial pumice deposits; massive micaceous sand. 

More recent work in revising the formal stratigraphic framework or late Pliocene to recent 
sedimentary rocks and sediments (Barrell, et al. 2021) has resulted in reclassification of alluvial 
materials that used to be broadly classified under Tauranga Group, including the Puketoka 
Formation. These are now classified as Takaanini Formation and are referred to as such within the 
report. 

▪ Late Pleistocene basaltic deposits of the Auckland Volcanic Field (AVF): 

- Grey to very dark grey, dense, fine grained olivine basalt or basanite lava flows. 

▪ Early Miocene East Coast Bays Formation of the Waitematā Group:  

- Alternating sandstone and mudstone with variable volcanic content and interbedded volcaniclastic 
grits. 

The Puketoka Formation (Takaanini Formation) and East Coast Bays Formation (ECBF) underly the bulk of 
the Project Area with Auckland Volcanic Field basalts limited to the vicinity of Western Springs (approximate 
chainages 70,300 to 71,400) (Figure 3-1). 
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Figure 3-1: Project Area geology
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3.4 Hydrogeology 

The hydrogeological characteristics of the geological units along the Project Area are highly variable, ranging 
from relatively high yielding productive aquifers to low permeability aquitards. 

3.4.1 Hydrostratigraphic units 

Hydrostratigraphic units are geological units or groups of geological units with distinct groundwater flow 
characteristics, grouped based on their hydraulic properties such as permeability and porosity, and their 
ability to transmit or restrict groundwater flow. Key hydrostratigraphic units within the Project Area are 
summarised in the following sections.   

3.4.1.1 Tauranga Group – Takaanini Formation 

The undifferentiated Holocene alluvium and Takaanini Formation typically consist of low permeability and 
highly compressible sediments. The sediments can be highly heterogeneous ranging from sands and gravels 
thought to silt, clay and peat. In the Project Area, the Takaanini Formation has primarily been encountered 
as silts and clays.  

3.4.1.2 Basalts 

The basalt flows of the Auckland Volcanic Field form the major aquifers of the Auckland area, and the 
basalts that cross beneath the Project Area are part of the Western Springs - Three Kings Volcanic aquifer. 
The basalts are generally characterised by high transmissivity resulting from secondary porosity and 
fracturing. The basalt aquifers have high infiltration rates and throughflow, contributing to their important role 
in stormwater discharge via soakage (Auckland Council, 2021).  

Recharge to the basalts is predominantly via rainfall infiltration in the unconfined areas of the aquifers, 
infiltration of stormwater from stormwater infiltration basins, and by vertical leakage and throughflow to the 
lower and confined aquifers (Auckland Council, 2021).  

Groundwater flow in the Western Springs - Three Kings Volcanic aquifer is generally in a north-northwesterly 
direction, discharging to Waitematā Harbour at Meola Creek and Motions Creek. A component of 
groundwater from the Western Springs - Three Kings Volcanic aquifer also discharges to Western Springs 
Lake / Te Wai Ōrea. The lava flow is exposed along the edges of the lake displaying the columnar jointing 
through which the bulk of the groundwater moves (Auckland Council, 2020). 

3.4.1.3 ECBF – Waitematā Group 

The ECBF consists of relatively weak siltstones and sandstones that weather to firm to stiff residual silts and 
clays. Stratification in both residual soils and rock can lead to very low vertical hydraulic conductivity that can 
often result in a sequence of perched aquifers or multiple, vertically separated saturated horizons. 

Residual soils of the ECBF generally have similar hydrogeological properties to the Holocene alluvium and 
Takaanini Formation. 

While the siltstones and mudstones of the ECBF rock have very little in the way of effective primary porosity 
(and subsequent very low hydraulic conductivity), secondary porosity in the form of fracturing can result in 
moderate permeability in some areas. Although typically low yielding, in the greater Auckland area, the 
fractured Waitematā Group formations represent a significant regional aquifer. 

3.4.2 Desktop study – permeability 

Estimates of hydraulic conductivity for each formation from previous investigations (Beca, 2010; Tonkin and 
Taylor, 2012; Aurecon, 2025) are summarised in Table 3-1.  
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3.4.4 Groundwater levels and flow 

3.4.4.1 GNS Science national water table model 

Figure 3-2 shows indicative groundwater level contours from the GNS Science national water table model 
(GNS, 2018). While not necessarily accurate at a local scale, the contours provide an indication of 
anticipated water table elevation and groundwater flow directions. The groundwater contours indicate the 
water table to generally follow topography. Groundwater flow direction is down-gradient perpendicular to the 
contour lines and is generally from areas of high topographic relief to areas of low topographic relief. 

Groundwater recharge will occur as rainfall infiltration on open areas and as infiltration from surface water 
features and stormwater drains. Groundwater discharge will generally be to surface water features in lower 
lying areas and to the Waitematā Harbour.  

3.4.4.2 NZGD water levels 

Boreholes from the New Zealand Geotechnical Database1 (NZGD) in the vicinity of the Project Area and with 
available water level data are shown in Figure 3-3 in green. 

The recorded water levels indicate the range of water levels that might be expected within the Project Area, 
but may not be indicative of true, or current, groundwater levels because: 

▪ The water level observations are often taken during drilling, at the beginning or end of shift, or at end of 
hole. As such, water levels may not have had time to equilibrate in low permeability formations. 

▪ The date of water level observations is variable with earliest observations from 1999.  

The recorded water levels range from 0 to 13.1 metres below ground level (mbgl), with an average recorded 
depth to water of 2.9mbgl and a median water level depth of 2.5mbgl. 

 
 
1 https://identity.beca.digital/cdn/beyon-nzgd/pdfs/About%20NZGD.pdf  
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Figure 3-2: Indicative groundwater level contours 
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Figure 3-3: Groundwater level data 
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3.4.4.3 Site investigations – groundwater levels 

Groundwater level observations from site investigations are shown on Figure 3-4 with data provided in 
Appendix C. 

Groundwater levels are highly variable along the Project Area with observed depths to groundwater ranging 
from approximately 1.0 to 6.3mbgl, with an average observed depth to groundwater of approximately 
3.85mbgl. 

Two of the monitoring bores (BH010 and BH011) are recorded as being dry to depths of 13.0mbgl and 
7.5mbgl respectively, while BH012 was not accessible for monitoring at time of writing. 

BH001 and BH003 display an equilibration response following drilling, with water levels rising over a period 
of weeks before settling-in to what is considered to be a representative water level. BH004 displays an initial 
equilibration period of declining water levels. 

 

Figure 3-4: Project groundwater level observations 

3.4.4.4 Seasonal groundwater fluctuations 

Auckland Council manage a number of groundwater monitoring bores in the vicinity of the Project Area with 
data available through the Environmental Data Portal.2 The nearest bores with complete data records are 
located approximately 1km south of the Indicative Design and are located in the Western Springs – Three 
Kings Volcanic aquifer. These bore locations are shown in Figure 3-3 in orange. 

Average daily groundwater level hydrographs for the Selkirk Road Bore (ID 6487007) and the Leslie Road 
Bore (ID 6487009) over the past ten years are plotted in Figure 3-5 and Figure 3-6, respectively, along with 
median and 95th percentile (high) water levels. The bores are installed in the basalt aquifer and as such will 
have a “flashier” groundwater level response compared to groundwater levels in low permeability formations 
such as the Takaanini Formation and ECBF. A “flashier” groundwater level response means, in general, the 

 
 
2 https://environmentauckland.org.nz/Data/Map/Parameter/GW%20Level/Statistic/LASTRECORD/Interval/Latest - accessed July 2025. 
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water levels will display more rapid fluctuations with recharge and subsequent regression and are expected 
to have a greater seasonal variation in water levels compared to the less permeable formations. However, 
both bores display higher than average water levels during July 2025, indicating the water levels measured 
as part of the Project site investigations during July and August 2025 can be considered to be representative 
of seasonal high water levels for the purposes of assessing potential groundwater seepage to excavations. 

 

Figure 3-5: 6487007 - Selkirk Road Bore hydrograph 

 

Figure 3-6: 6487009 - Leslie Road Bore hydrograph 
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The groundwater is generally characterised as being relatively fresh, with total dissolved solids ranging from 
88 to 460mg/L, and slightly acidic, with pH ranging from 5.1 to 6.8. pH and electrical conductivity exceed the 
ANZG (2018) physical and chemical stressor DGV for pH and electrical conductivity for freshwater 
ecosystems (warm wet low-elevation). 

Total nitrogen and total phosphorous are also elevated and consistently exceed the relevant physical and 
chemical stressor DGV. 

The ANZG 2018 toxicant DGV for nickel is exceeded at most monitoring bores and the DGV for zinc is 
exceeded at four of the eight monitoring bores tested. Due to the ubiquitous nature of the exceedances for 
nickel, elevated metals are likely due to the geological formations as opposed to anthropogenic influences. 
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Figure 3-7: Groundwater wells 
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It is anticipated that the majority of the deeper areas of cut and underpasses will be retained through the 
application of pre-installed secant pile walls or diaphragm walls prior to excavation. Secant piles and 
diaphragm walls will act to restrict groundwater seepage to excavations, however as designs have yet to be 
finalised, all excavations have been treated as being free-draining. Accordingly, this assessment presents 
the ‘worst case scenario’ in terms of potential groundwater seepage and drawdown.  
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4.2 Groundwater seepage to excavations 

Groundwater seepage to excavations has been estimated for larger cuts that are anticipated to be below the 

water table as assessed in Table 4-1. The calculations are presented in Appendix E and summarised in 

Table 4-2. 

4.2.1 Methodology and assumptions 

Seepage rates have been calculated using the method of Mansur and Kaufman (1962) for the assessment of 
linear flow to an excavation in an unconfined aquifer, as presented in Neville (2017). The cuts are either 
cutting back of existing cuts, with potential for one-sided groundwater seepage, or are slot-cuts adjacent to 
existing cuts for the Northern Motorway, with potential for either one or two sided groundwater seepage 
depending on the remnant ground between the Northwestern Motorway and Project. Cuttings at Lincoln 
Road station and Te Atatū station have potential for groundwater seepage from both sides, while cuttings at 
Royal Road station, Huruhuru Road underpass, and Point Chevalier station are only likely to have 
groundwater seepage from one side (Table 4-1). 

The seepage modelling is for a conservative scenario in which excavation shoring methods or retaining walls 
do not inhibit groundwater seepage to excavations. 

Seepage calculations are based on the following simplifying assumptions: 

▪ The Indicative Design has been divided into 50m long sections within each cut area to account for 
variable invert and groundwater levels along the alignment. 

▪ Average invert and interpreted water level elevations are applied over each section. Groundwater levels 
are estimated based on available observations. Where only one groundwater level observation is 
available, then the observed depth to groundwater is adopted along the length of the cut. 

▪ Invert depth, water table elevation and required groundwater drawdown are as presented in Appendix E. 

▪ Allowance is included for an additional 0.5m excavation depth below invert elevation to account for 
foundation and drainage layers. 

▪ Alluvium, residual soils and weathered ECBF have an average hydraulic conductivity of 2.0E-07m/s 
(0.017m/day) and a specific yield of 0.1. 

▪ Aquifer depth contributing to groundwater flow to the excavation extends 5m below excavation floor 
level. 

▪ Estimated seepage rates are for steady state, long term equilibrated conditions. 

▪ Total head beneath the excavation is equal to the elevation of the excavation floor, therefore vertical flow 
to the excavation is negligible. 

▪ Excavation shoring methods do not restrict groundwater ingress to excavations. 

▪ The method requires the input of a distance to a fixed head boundary for the estimation of hydraulic 
gradient. In this case a distance of three times the required drawdown within the cut has been adopted. 
For example, if the excavation is assessed as being 4m below the water table, a distance to the fixed 
head boundary of 12m is applied. It is noted that a shorter distance to the fixed head boundary results in 
a steeper hydraulic gradient and higher rate of inflow and is therefore conservative. 

It is noted that in some instances there will already be a component of groundwater seepage to drainage 
layers behind existing retaining walls and pavements. These pre-existing seepage rates have not been 
assessed. 

4.2.2 Results 

Potential seepage rates to cuttings are summarised in Table 4-2, with seepage calculations provided in 
Appendix E. 
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Figure 4-2: Huruhuru Road Underpass – Groundwater drawdown and settlement – unmitigated 

 

Figure 4-3: Lincoln Road station – Groundwater drawdown and settlement – unmitigated 
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Figure 4-4: Te Atatū station – Groundwater drawdown and settlement – unmitigated 

 

Figure 4-5: Point Chevalier station – Groundwater drawdown and settlement - unmitigated 

4.4 Discussion of predicted changes to groundwater levels and 
groundwater diversion 

The combination of low hydraulic conductivity values for the Takaanini Formation and residual ECBF results 
in limited propagation of groundwater drawdown away from areas of cuts below the water table, even with 
my conservative assessment that does not include the benefits of design features such as secant piling or 
diaphragm walls.  
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Appendix A. Borelogs 
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SPT
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SPT

HQ 

SPT

In-situ testing

Type

HSV (P/R)

SPT/SS

SPT/SS

SPT/C

SPT/C

SPT/C

SPT/C

Results

UTP/

2,3//
4, 3, 3, 5
N = 15

3,3//
4, 4, 4, 6
N = 18

5,5//
7, 7, 7, 8
N = 29

6,6//
7, 10, 10, 

13
N = 40

8,8//
13, 14, 14, 
9 for 55mm

N = >50

10,18//
22, 22, 6 
for 15mm
N = >50

R.L. 
(m)

0.0

-0.5

-1.0

-1.5

-2.0

-2.5

-3.0

-3.5

-4.0

-4.5

-5.0

-5.5

-6.0

-6.5

-7.0

-7.5

-8.0

-8.5

-9.0

-9.5

Depth 
(m)

20.5

21.0

21.5

22.0

22.5

23.0

23.5

24.0

24.5

25.0

25.5

26.0

26.5

27.0

27.5

28.0

28.5

29.0

29.5

30.0

30.5

Material description

Clayey SILT, trace sand; dark grey. Stiff, moist, high plasticity; sand, 
fine [Residual Soil].

Completely weathered, brownish grey, fine SANDSTONE, extremely 
weak. Recovered as clayey SAND. Dense, moist, uniformly graded; 
sand, fine [EAST COAST BAYS FORMATION].

Highly weathered, brownish grey, clay-rich interbedded SILTSTONE 
and fine to medium SANDSTONE, very weak. Moderately widely to 
widely spaced discontinuities [EAST COAST BAYS FORMATION].

Moderately weathered, brownish grey interbedded SILTSTONE and 
fine to medium SANDSTONE, very weak. Intact rock with breakages 
incurred by drilling [EAST COAST BAYS FORMATION].

End of Machine Borehole at 28.82m
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nd Recovery %

TCR

80

90

100

60

100

SCR

62

74

63

36

52

RQD

66

69

46

36

51

Discontinuities

24.20 m: Sub-horizontal, moderately 
wide aperture, undulating 
slickensided open fracture.

24.80 m: Gently inclined, moderately 
wide aperture, stepped rough open 
fracture.

25.40 m: Sub-horizontal, moderately 
narrow aperture, undulating 
slickensided open fracture.
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Machine Borehole
Client: NZTA Waka Kotahi
Project: Te Ara Hauauru - Northwest Rapid Transit
Project ID: 705100376-004
Location: SH16 - Te Atatu Road 
Feature: Reserve cycleway side 

BH005
Date started: 27-06-2025
Date completed: 28-06-2025
Weather: Rainy
Logged by: RC
Checked by: NL

Elevation: 20.75 mRL Datum: NZVD2016 Coordinates: E 1747345.91 N 5919524.86 Grid: NZTM2000 Status: FINAL
Drilling company: McMillan Drilling Drilling Rig: N118 Termination: Target depth at 28.82 mbgl Logging Standard: NZGD2005

Remarks
Shear vane calibration:

Survey accuracy:

M726205.02

+-5m

Sheet 3 of 3

Manual groundwater measurement
Date Water strike (mbgl)
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SPT

In-situ testing

Type

HSV (P/R)

SPT/SS

HSV (P/R)

SPT/SS

Results

60/

0,1//
1, 2, 2, 2

N = 7

58/

2,1//
2, 1, 2, 1

N = 6

R.L. 
(m)

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

-0.5

-1.0

-1.5

-2.0

-2.5

-3.0

-3.5

-4.0

-4.5

-5.0

Depth 
(m)

18.5

19.0

19.5

20.0

20.5

21.0

21.5

22.0

22.5

23.0

23.5

24.0

24.5

25.0

25.5

26.0

26.5

27.0

27.5

Material description

Silty CLAY; yellowish brown. Very soft, wet, low plasticity 
[TAKAANINI FROMATION].

End of Machine Borehole at 21.00m
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nd Recovery %

TCR

13

87

SCR RQD

Discontinuities
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Machine Borehole
Client: NZTA Waka Kotahi
Project: Te Ara Hauauru - Northwest Rapid Transit
Project ID: 705100376-004
Location: SH16 - Te Atatu Road
Feature: Road side grass patch 

BH006
Date started: 04-07-2025
Date completed: 05-07-2025
Weather: Rainy
Logged by: RC
Checked by: NL

Elevation: 22.50 mRL Datum: NZVD2016 Coordinates: E 1747309.07 N 5919545.53 Grid: NZTM2000 Status: FINAL
Drilling company: McMillan Drilling Drilling Rig: N118 Termination: Target depth at 21.00 mbgl Logging Standard: NZGD2005

Remarks
Shear vane calibration:

Survey accuracy:

M726205.02

+-5m

Sheet 3 of 3

Manual groundwater measurement
Date Water strike (mbgl)
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SPT
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SPT

HQ 

SPT

HQ 

SPT

HQ 

SPT

HQ 

SPT

In-situ testing

Type

HSV (P/R)

SPT/SS

HSV (P/R)

SPT/SS

HSV (P/R)

SPT/SS

HSV (P/R)

SPT/SS

HSV (P/R)

SPT/SS

HSV (P/R)

SPT/SS

HSV (P/R)

SPT/SS

Results

36/

0,0//
0, 1, 1, 2

N = 4

40/

0,0//
1, 1, 1, 2

N = 5

40/

0,0//
1, 1, 1, 2

N = 5

46/

0,0//
1, 1, 2, 2

N = 6

98/

1,2//
2, 2, 2, 2

N = 8

50/

2,3//
2, 3, 3, 3
N = 11

94/

2,2//
3, 3, 5, 5
N = 16

R.L. 
(m)

48.5

48.0

47.5

47.0

46.5

46.0

45.5

45.0

44.5

44.0

43.5

43.0

42.5

42.0

41.5

41.0

40.5

40.0

39.5

Depth 
(m)

10.5

11.0

11.5

12.0

12.5

13.0

13.5

14.0

14.5

15.0

15.5

16.0

16.5

17.0

17.5

18.0

18.5

19.0

19.5

Material description

Clayey SILT, trace sand; grey. Soft to firm, wet to moist, low 
plasticity; sand, fine, sub-angular [Residual Soil].

Completely weathered interbedded SILTSTONE and fine to coarse 
SANDSTONE, very weak, to extremely weak. Retaining relict rock 
fabrics, whereas rock strengths completely lost, soil behaviours 
include  clayey SILT, firm to soft, moist, low plasticity [EAST COAST 
BAYS FORMATION].

Highly weathered interbedded clay-rich SILTSTONE and fine to 
coarse SANDSTONE, grey, yellowish brown sand infill, weak to very 
weak. Rhythmically thickly bedded sequence of alternating Siltstone 
and Sandstone. Discontinuities varies from sub-horizontal to steeply 
inclined, very closely spaced [EAST COAST BAYS FORMATION].

19.95m  Thin carbonaceous laminae. 
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TCR

97

100

97

100

87

66

SCR

33

RQD

53

Discontinuities
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Machine Borehole
Client: NZTA Waka Kotahi
Project: Te Ara Hauauru - Northwest Rapid Transit
Project ID: 705100376-004
Location: West of SH16
Feature: On cycleway

BH011
Date started: 10-07-2025
Date completed: 14-07-2025
Weather: Rainy
Logged by: RC
Checked by: NL

Elevation: 59.00 mRL Datum: NZVD2016 Coordinates: E 1744328.54 N 5922793.66 Grid: NZTM2000 Status: FINAL
Drilling company: MacMillan Drilling Drilling Rig: N118 Termination: Target depth at 27.00 mbgl Logging Standard: NZGD2005

Remarks
Shear vane calibration:

Survey accuracy:

M726205.02

+-5m

Sheet 2 of 3

Manual groundwater measurement
Date Water strike (mbgl)
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SPT
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SPT
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SPT

HQ 

SPT

In-situ testing

Type

HSV (P/R)

SPT/SS

HSV (P/R)

SPT/C

SPT/C

SPT/C

SPT/C

Results

UTP/

2,3//
4, 5, 6, 6
N = 21

UTP/

5,7//
8, 9, 13, 13

N = 43

9 ,41 for 
70mm//
N = >50

15 ,35 for 
60mm//
N = >50

17 ,33 for 
45mm//
N = >50

R.L. 
(m)

38.5

38.0

37.5

37.0

36.5

36.0

35.5

35.0

34.5

34.0

33.5

33.0

32.5

32.0

31.5

31.0

30.5

30.0

29.5

Depth 
(m)

20.5

21.0

21.5

22.0

22.5

23.0

23.5

24.0

24.5

25.0

25.5

26.0

26.5

27.0

27.5

28.0

28.5

29.0

29.5

Material description

Highly weathered interbedded clay-rich SILTSTONE and fine to 
coarse SANDSTONE, grey, yellowish brown sand infill, weak to very 
weak. Rhythmically thickly bedded sequence of alternating Siltstone 
and Sandstone. Discontinuities varies from sub-horizontal to steeply 
inclined, very closely spaced [EAST COAST BAYS FORMATION].

Moderately weathered interbedded clay-rich SILTSTONE and fine to 
coarse SANDSTONE, grey, yellowish brown sand infill, weak to very 
weak. Rhythmically thickly bedded sequence of alternating Siltstone 
and Sandstone. Discontinuities varies from sub-horizontal to steeply 
inclined, very closely spaced [EAST COAST BAYS FORMATION].

22.5-24.4m: Fine to medium sandstone, coarsening 
downwards, sedimentary structures. 

End of Machine Borehole at 27.00m
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TCR

80

66

100

100

100

SCR

78

53

70

93

84

RQD

76

40

66

90

84

Discontinuities

20.80 m: Gently inclined discontinuity, 
moderately narrow aperture, 
undulating smooth fracture.

22.40 m: Sub-horizontal discontinuity, 
moderately narrow aperture, 
undulating smooth fracture.

24.85 m: Sub-horizontal discontinuity, 
moderately narrow aperture, 
undulating smooth fracture.
25.20 m: Sub-horizontal discontinuity, 
moderately narrow aperture, 
undulating smooth fracture.
25.40 m: Gently inclined discontinuity, 
moderately narrow aperture, 
undulating smooth fracture.

25.90 m: Gently inclined discontinuity, 
narrow aperture, planar smooth 
fracture.
26.00 m: Sub-horizontal discontinuity, 
moderately wide aperture, undulating 
rough fracture.
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Machine Borehole
Client: NZTA Waka Kotahi
Project: Te Ara Hauauru - Northwest Rapid Transit
Project ID: 705100376-004
Location: West of SH16
Feature: On cycleway

BH011
Date started: 10-07-2025
Date completed: 14-07-2025
Weather: Rainy
Logged by: RC
Checked by: NL

Elevation: 59.00 mRL Datum: NZVD2016 Coordinates: E 1744328.54 N 5922793.66 Grid: NZTM2000 Status: FINAL
Drilling company: MacMillan Drilling Drilling Rig: N118 Termination: Target depth at 27.00 mbgl Logging Standard: NZGD2005

Remarks
Shear vane calibration:

Survey accuracy:

M726205.02

+-5m

Sheet 3 of 3

Manual groundwater measurement
Date Water strike (mbgl)







D
ril

lin
g 

m
et

ho
d

HQ 

In-situ testing

Type Results

R.L. 
(m)

20.5

20.0

19.5

19.0

18.5

18.0

17.5

17.0

16.5

16.0

15.5

15.0

14.5

14.0

13.5

13.0

12.5

12.0

Depth 
(m)

18.5

19.0

19.5

20.0

20.5

21.0

21.5

22.0

22.5

23.0

23.5

24.0

24.5

25.0

25.5

26.0

26.5

27.0

27.5

Material description

Moderately weathered interbedded SILTSTONE and fine to medium 
SANDSTONE, dark grey, weak. Rhythmically thickly bedded 
Siltstone and Sandstone. Bedding contacts are distinguishable due 
to weathering and discolouration. Discontinuities vary from sub-
horizontal to moderately inclined, closely spaced [EAST COAST 
BAYS FORMATION].

End of Machine Borehole at 21.00m
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nd Recovery %

TCR

100

SCR

61

RQD

55

Discontinuities

18.50 m: Gently inclined defect, 
moderately narrow aperture, 
undulating slickensided open fracture.
18.83 m: Sub-horizontal defect, 
moderately narrow aperture, 
undulating smooth open fracture.
18.88 m: Sub-horizontal defect, 
moderately narrow aperture, 
undulating smooth open fracture.
19.25 m: Multi joints. Joint 1: Sub-
horizontal, narrow aperture, closed 
defect. Joint 2: Moderately inclined, 
moderately wide aperture, undulating 
rough open fracture.
19.40 m: Moderately inclined defect, 
moderately narrow aperture, planar 
smooth open fracture.
19.90 m: Sub-horizontal defect, 
narrow aperture, planar rough 
fracture.
20.00 m: Sub-horizontal defect, 
narrow aperture, planar rough 
fracture.
20.75 m: Gently inclined defect, 
moderately narrow aperture, planar 
smooth fracture.
20.85 m: Gently inclined defect, 
moderately narrow aperture, planar 
rough aperture.
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Machine Borehole
Client: NZTA Waka Kotahi
Project: Te Ara Hauauru - Northwest Rapid Transit
Project ID: 705100376-004
Location: Gunton Drive
Feature: SH16 entrance side

BH012
Date started: 21-07-2025
Date completed: 22-07-2025
Weather: Sunny
Logged by: RC
Checked by: NL

Elevation: 39.30 mRL Datum: NZVD2016 Coordinates: E 1743831.11 N 5924294.24 Grid: NZTM2000 Status: FINAL
Drilling company: McMillan Drilling Drilling Rig: N101 Termination: Target depth at 21.00 mbgl Logging Standard: NZGD2005

Remarks
Shear vane calibration:

Survey accuracy:

M726205.02

+-5m

Sheet 3 of 3

Manual groundwater measurement
Date Water strike (mbgl)
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Appendix B. Permeability testing 
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Appendix C. Groundwater quality 





The following table(s) gives a brief description of the methods used to conduct the analyses for this job.  The detection limits given below are those attainable in a relatively simple matrix.
Detection limits may be higher for individual samples should insufficient sample be available, or if the matrix requires that dilutions be performed during analysis.  A detection limit range
indicates the lowest and highest detection limits in the associated suite of analytes. A full listing of compounds and detection limits are available from the laboratory upon request.
Unless otherwise indicated, analyses were performed at Hill Labs, 28 Duke Street, Frankton, Hamilton 3204.

Summary of Methods

Sample Type: Aqueous
Test Method Description Default Detection Limit Sample No

1-4Heavy metals, dissolved, trace
As,Cd,Cr,Cu,Ni,Pb,Zn

0.45µm Filtration, ICP-MS, trace level. APHA 3125 B : Online
Edition.

0.00005 - 0.0010 g/m3

1-4Filtration, Unpreserved Sample filtration through 0.45µm membrane filter. -

1-4Total anions for anion/cation balance
check

Calculation: sum of anions as mEquiv/L calculated from
Alkalinity (bicarbonate), Chloride and Sulphate.  Nitrate-N,
Nitrite-N.  Fluoride, Dissolved Reactive Phosphorus and
Cyanide also included in calculation if available. APHA 1030 E :
Online Edition.

0.07 meq/L

1-4Total cations for anion/cation balance
check

Sum of cations as mEquiv/L calculated from Sodium,
Potassium, Calcium and Magnesium.  Iron, Manganese,
Aluminium, Zinc, Copper, Lithium, Total Ammoniacal-N and pH
(H+) also included in calculation if available. APHA 1030 E :
Online Edition.

0.05 meq/L

1-4pH pH meter. APHA 4500-H+ B (modified) : Online Edition.  Note: It
is not possible to achieve the APHA Maximum Storage
Recommendation for this test (15 min) when samples are
analysed upon receipt at the laboratory, and not in the field.
Samples and Standards are analysed at an equivalent laboratory
temperature (typically 18 to 22 °C). Temperature compensation
is used.

0.1 pH Units

1-4Total Alkalinity Titration to pH 4.5 (M-alkalinity), autotitrator. APHA 2320 B
(modified for Alkalinity <20) : Online Edition.

1.0 g/m3 as CaCO3

1-4Carbonate Calculation: from alkalinity and pH, valid where TDS is not >500
mg/L and alkalinity is almost entirely due to hydroxides,
carbonates or bicarbonates. APHA 4500-CO2 D : Online
Edition.

1.0 g/m3 at 25°C

1-4Bicarbonate Calculation: from alkalinity and pH, valid where TDS is not >500
mg/L and alkalinity is almost entirely due to hydroxides,
carbonates or bicarbonates. APHA 4500-CO2 D : Online
Edition.

1.0 g/m3 at 25°C

1-4Free Carbon Dioxide Calculation: from alkalinity and pH, valid where TDS is not >500
mg/L and alkalinity is almost entirely due to hydroxides,
carbonates or bicarbonates. APHA 4500-CO2 D : Online
Edition.

1.0 g/m3 at 25°C

1-4Total Hardness Calculation from Calcium and Magnesium. APHA 2340 B :
Online Edition.

1.0 g/m3 as CaCO3

1-4Electrical Conductivity (EC) Conductivity meter, 25°C. APHA 2510 B : Online Edition. 0.1 mS/m

1-4Total Dissolved Solids (TDS) Filtration through GF/C (1.2 µm), gravimetric. APHA 2540 C
(modified; drying temperature of 103 - 105°C used rather than
180 ± 2°C) : Online Edition.

10 g/m3

1-4Filtration for dissolved metals analysis Sample filtration through 0.45µm membrane filter and
preservation with nitric acid. APHA 3030 B : Online Edition.

-

1-4Dissolved Aluminium Filtered sample, ICP-MS, trace level. APHA 3125 B : Online
Edition.

0.003 g/m3

1-4Dissolved Calcium Filtered sample, ICP-MS, trace level. APHA 3125 B : Online
Edition.

0.05 g/m3

1-4Dissolved Iron Filtered sample, ICP-MS, trace level. APHA 3125 B : Online
Edition.

0.02 g/m3

1-4Dissolved Magnesium Filtered sample, ICP-MS, trace level. APHA 3125 B : Online
Edition.

0.02 g/m3

1-4Dissolved Manganese Filtered sample, ICP-MS, trace level. APHA 3125 B : Online
Edition.

0.0005 g/m3

1-4Dissolved Potassium Filtered sample, ICP-MS, trace level. APHA 3125 B : Online
Edition.

0.05 g/m3

1-4Dissolved Sodium Filtered sample, ICP-MS, trace level. APHA 3125 B : Online
Edition.

0.02 g/m3

1-4Chloride Filtered sample.  Ion Chromatography. APHA 4110 B
(modified) : Online Edition.

0.5 g/m3

1-4Total Nitrogen Calculation: TKN + Nitrate-N + Nitrite-N.  Please note: The
Default Detection Limit of 0.05 g/m3 is only attainable when the
TKN has been determined using a trace method utilising
duplicate analyses.  In cases where the Detection Limit for TKN
is 0.10 g/m3, the Default Detection Limit for Total Nitrogen will
be 0.11 g/m3. In-house calculation.

0.05 g/m3

Lab No: 3929344-SPv1 Hill Labs Page 2 of 3



Sample Type: Aqueous
Test Method Description Default Detection Limit Sample No

1-4Total Ammoniacal-N Phenol/hypochlorite colourimetry. Flow injection analyser. (NH4-
N = NH4+-N + NH3-N). APHA 4500-NH3 H (modified) : Online
Edition.

0.010 g/m3

1-4Nitrite-N Automated Azo dye colorimetry, Flow injection analyser. APHA
4500-NO3- I (modified) : Online Edition.

0.002 g/m3

1-4Nitrate-N Calculation: (Nitrate-N + Nitrite-N) - Nitrite-N. In-House. 0.0010 g/m3

1-4Nitrate-N + Nitrite-N Total oxidised nitrogen.  Automated cadmium reduction, flow
injection analyser. APHA 4500-NO3- I (modified) : Online
Edition.

0.002 g/m3

1-4Total Kjeldahl Nitrogen (TKN) Total Kjeldahl digestion, automated phenol/hypochlorite
colorimetry.
APHA 4500-Norg D (modified): Online Edition.

0.10 g/m3

1-4Total Phosphorus Total phosphorus digestion, automated ascorbic acid
colorimetry.  Flow Injection Analyser.
APHA 4500-P H (modified) : Online Edition.

0.002 g/m3

1-4Sulphate Filtered sample.  Ion Chromatography. APHA 4110 B
(modified) : Online Edition.

0.5 g/m3

Lab No: 3929344-SPv1 Hill Labs Page 3 of 3

Kim Harrison MSc
Client Services Manager - Environmental

These samples were collected by yourselves (or your agent) and analysed as received at the laboratory.

Testing was completed between 03-Jul-2025 and 07-Jul-2025.  For completion dates of individual analyses please contact the laboratory.

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

This certificate of analysis must not be reproduced, except in full, without the written consent of the signatory.
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Appendix D. Groundwater level observations 





The following table(s) gives a brief description of the methods used to conduct the analyses for this job.  The detection limits given below are those attainable in a relatively simple matrix.
Detection limits may be higher for individual samples should insufficient sample be available, or if the matrix requires that dilutions be performed during analysis.  A detection limit range
indicates the lowest and highest detection limits in the associated suite of analytes. A full listing of compounds and detection limits are available from the laboratory upon request.
Unless otherwise indicated, analyses were performed at Hill Labs, 28 Duke Street, Frankton, Hamilton 3204.

Summary of Methods

Sample Type: Aqueous
Test Method Description Default Detection Limit Sample No

1-4Heavy metals, dissolved, trace
As,Cd,Cr,Cu,Ni,Pb,Zn

0.45µm Filtration, ICP-MS, trace level. APHA 3125 B : Online
Edition.

0.00005 - 0.0010 g/m3

1-4Filtration, Unpreserved Sample filtration through 0.45µm membrane filter. -

1-4Total anions for anion/cation balance
check

Calculation: sum of anions as mEquiv/L calculated from
Alkalinity (bicarbonate), Chloride and Sulphate.  Nitrate-N,
Nitrite-N.  Fluoride, Dissolved Reactive Phosphorus and
Cyanide also included in calculation if available. APHA 1030 E :
Online Edition.

0.07 meq/L

1-4Total cations for anion/cation balance
check

Sum of cations as mEquiv/L calculated from Sodium,
Potassium, Calcium and Magnesium.  Iron, Manganese,
Aluminium, Zinc, Copper, Lithium, Total Ammoniacal-N and pH
(H+) also included in calculation if available. APHA 1030 E :
Online Edition.

0.05 meq/L

1-4pH pH meter. APHA 4500-H+ B (modified) : Online Edition.  Note: It
is not possible to achieve the APHA Maximum Storage
Recommendation for this test (15 min) when samples are
analysed upon receipt at the laboratory, and not in the field.
Samples and Standards are analysed at an equivalent laboratory
temperature (typically 18 to 22 °C). Temperature compensation
is used.

0.1 pH Units

1-4Total Alkalinity Titration to pH 4.5 (M-alkalinity), autotitrator. APHA 2320 B
(modified for Alkalinity <20) : Online Edition.

1.0 g/m3 as CaCO3

1-4Carbonate Calculation: from alkalinity and pH, valid where TDS is not >500
mg/L and alkalinity is almost entirely due to hydroxides,
carbonates or bicarbonates. APHA 4500-CO2 D : Online
Edition.

1.0 g/m3 at 25°C

1-4Bicarbonate Calculation: from alkalinity and pH, valid where TDS is not >500
mg/L and alkalinity is almost entirely due to hydroxides,
carbonates or bicarbonates. APHA 4500-CO2 D : Online
Edition.

1.0 g/m3 at 25°C

1-4Free Carbon Dioxide Calculation: from alkalinity and pH, valid where TDS is not >500
mg/L and alkalinity is almost entirely due to hydroxides,
carbonates or bicarbonates. APHA 4500-CO2 D : Online
Edition.

1.0 g/m3 at 25°C

1-4Total Hardness Calculation from Calcium and Magnesium. APHA 2340 B :
Online Edition.

1.0 g/m3 as CaCO3

1-4Electrical Conductivity (EC) Conductivity meter, 25°C. APHA 2510 B : Online Edition. 0.1 mS/m

1-4Total Dissolved Solids (TDS) Filtration through GF/C (1.2 µm), gravimetric. APHA 2540 C
(modified; drying temperature of 103 - 105°C used rather than
180 ± 2°C) : Online Edition.

10 g/m3

1-4Filtration for dissolved metals analysis Sample filtration through 0.45µm membrane filter and
preservation with nitric acid. APHA 3030 B : Online Edition.

-

1-4Dissolved Aluminium Filtered sample, ICP-MS, trace level. APHA 3125 B : Online
Edition.

0.003 g/m3

1-4Dissolved Calcium Filtered sample, ICP-MS, trace level. APHA 3125 B : Online
Edition.

0.05 g/m3

1-4Dissolved Iron Filtered sample, ICP-MS, trace level. APHA 3125 B : Online
Edition.

0.02 g/m3

1-4Dissolved Magnesium Filtered sample, ICP-MS, trace level. APHA 3125 B : Online
Edition.

0.02 g/m3

1-4Dissolved Manganese Filtered sample, ICP-MS, trace level. APHA 3125 B : Online
Edition.

0.0005 g/m3

1-4Dissolved Potassium Filtered sample, ICP-MS, trace level. APHA 3125 B : Online
Edition.

0.05 g/m3

1-4Dissolved Sodium Filtered sample, ICP-MS, trace level. APHA 3125 B : Online
Edition.

0.02 g/m3

1-4Chloride Filtered sample.  Ion Chromatography. APHA 4110 B
(modified) : Online Edition.

0.5 g/m3

1-4Total Nitrogen Calculation: TKN + Nitrate-N + Nitrite-N.  Please note: The
Default Detection Limit of 0.05 g/m3 is only attainable when the
TKN has been determined using a trace method utilising
duplicate analyses.  In cases where the Detection Limit for TKN
is 0.10 g/m3, the Default Detection Limit for Total Nitrogen will
be 0.11 g/m3. In-house calculation.

0.05 g/m3
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Sample Type: Aqueous
Test Method Description Default Detection Limit Sample No

1-4Total Ammoniacal-N Phenol/hypochlorite colourimetry. Flow injection analyser. (NH4-
N = NH4+-N + NH3-N). APHA 4500-NH3 H (modified) : Online
Edition.

0.010 g/m3

1-4Nitrite-N Automated Azo dye colorimetry, Flow injection analyser. APHA
4500-NO3- I (modified) : Online Edition.

0.002 g/m3

1-4Nitrate-N Calculation: (Nitrate-N + Nitrite-N) - Nitrite-N. In-House. 0.0010 g/m3

1-4Nitrate-N + Nitrite-N Total oxidised nitrogen.  Automated cadmium reduction, flow
injection analyser. APHA 4500-NO3- I (modified) : Online
Edition.

0.002 g/m3

1-4Total Kjeldahl Nitrogen (TKN) Total Kjeldahl digestion, automated phenol/hypochlorite
colorimetry.
APHA 4500-Norg D (modified): Online Edition.

0.10 g/m3

1-4Total Phosphorus Total phosphorus digestion, automated ascorbic acid
colorimetry.  Flow Injection Analyser.
APHA 4500-P H (modified) : Online Edition.

0.002 g/m3

1-4Sulphate Filtered sample.  Ion Chromatography. APHA 4110 B
(modified) : Online Edition.

0.5 g/m3

Lab No: 3929344-SPv1 Hill Labs Page 3 of 3

Kim Harrison MSc
Client Services Manager - Environmental

These samples were collected by yourselves (or your agent) and analysed as received at the laboratory.

Testing was completed between 03-Jul-2025 and 07-Jul-2025.  For completion dates of individual analyses please contact the laboratory.

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

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





The following table(s) gives a brief description of the methods used to conduct the analyses for this job.  The detection limits given below are those attainable in a relatively simple matrix.
Detection limits may be higher for individual samples should insufficient sample be available, or if the matrix requires that dilutions be performed during analysis.  A detection limit range
indicates the lowest and highest detection limits in the associated suite of analytes. A full listing of compounds and detection limits are available from the laboratory upon request.
Unless otherwise indicated, analyses were performed at Hill Labs, 28 Duke Street, Frankton, Hamilton 3204.

Summary of Methods

Sample Type: Aqueous
Test Method Description Default Detection Limit Sample No

1-4Heavy metals, dissolved, trace
As,Cd,Cr,Cu,Ni,Pb,Zn

0.45µm Filtration, ICP-MS, trace level. APHA 3125 B : Online
Edition.

0.00005 - 0.0010 g/m3

1-4Filtration, Unpreserved Sample filtration through 0.45µm membrane filter. -

1-4Total anions for anion/cation balance
check

Calculation: sum of anions as mEquiv/L calculated from
Alkalinity (bicarbonate), Chloride and Sulphate.  Nitrate-N,
Nitrite-N.  Fluoride, Dissolved Reactive Phosphorus and
Cyanide also included in calculation if available. APHA 1030 E :
Online Edition.

0.07 meq/L

1-4Total cations for anion/cation balance
check

Sum of cations as mEquiv/L calculated from Sodium,
Potassium, Calcium and Magnesium.  Iron, Manganese,
Aluminium, Zinc, Copper, Lithium, Total Ammoniacal-N and pH
(H+) also included in calculation if available. APHA 1030 E :
Online Edition.

0.05 meq/L

1-4pH pH meter. APHA 4500-H+ B (modified) : Online Edition.  Note: It
is not possible to achieve the APHA Maximum Storage
Recommendation for this test (15 min) when samples are
analysed upon receipt at the laboratory, and not in the field.
Samples and Standards are analysed at an equivalent laboratory
temperature (typically 18 to 22 °C). Temperature compensation
is used.

0.1 pH Units

1-4Total Alkalinity Titration to pH 4.5 (M-alkalinity), autotitrator. APHA 2320 B
(modified for Alkalinity <20) : Online Edition.

1.0 g/m3 as CaCO3

1-4Carbonate Calculation: from alkalinity and pH, valid where TDS is not >500
mg/L and alkalinity is almost entirely due to hydroxides,
carbonates or bicarbonates. APHA 4500-CO2 D : Online
Edition.

1.0 g/m3 at 25°C

1-4Bicarbonate Calculation: from alkalinity and pH, valid where TDS is not >500
mg/L and alkalinity is almost entirely due to hydroxides,
carbonates or bicarbonates. APHA 4500-CO2 D : Online
Edition.

1.0 g/m3 at 25°C

1-4Free Carbon Dioxide Calculation: from alkalinity and pH, valid where TDS is not >500
mg/L and alkalinity is almost entirely due to hydroxides,
carbonates or bicarbonates. APHA 4500-CO2 D : Online
Edition.

1.0 g/m3 at 25°C

1-4Total Hardness Calculation from Calcium and Magnesium. APHA 2340 B :
Online Edition.

1.0 g/m3 as CaCO3

1-4Electrical Conductivity (EC) Conductivity meter, 25°C. APHA 2510 B : Online Edition. 0.1 mS/m

1-4Total Dissolved Solids (TDS) Filtration through GF/C (1.2 µm), gravimetric. APHA 2540 C
(modified; drying temperature of 103 - 105°C used rather than
180 ± 2°C) : Online Edition.

10 g/m3

1-4Filtration for dissolved metals analysis Sample filtration through 0.45µm membrane filter and
preservation with nitric acid. APHA 3030 B : Online Edition.

-

1-4Dissolved Aluminium Filtered sample, ICP-MS, trace level. APHA 3125 B : Online
Edition.

0.003 g/m3

1-4Dissolved Calcium Filtered sample, ICP-MS, trace level. APHA 3125 B : Online
Edition.

0.05 g/m3

1-4Dissolved Iron Filtered sample, ICP-MS, trace level. APHA 3125 B : Online
Edition.

0.02 g/m3

1-4Dissolved Magnesium Filtered sample, ICP-MS, trace level. APHA 3125 B : Online
Edition.

0.02 g/m3

1-4Dissolved Manganese Filtered sample, ICP-MS, trace level. APHA 3125 B : Online
Edition.

0.0005 g/m3

1-4Dissolved Potassium Filtered sample, ICP-MS, trace level. APHA 3125 B : Online
Edition.

0.05 g/m3

1-4Dissolved Sodium Filtered sample, ICP-MS, trace level. APHA 3125 B : Online
Edition.

0.02 g/m3

1-4Chloride Filtered sample.  Ion Chromatography. APHA 4110 B
(modified) : Online Edition.

0.5 g/m3

1-4Total Nitrogen Calculation: TKN + Nitrate-N + Nitrite-N.  Please note: The
Default Detection Limit of 0.05 g/m3 is only attainable when the
TKN has been determined using a trace method utilising
duplicate analyses.  In cases where the Detection Limit for TKN
is 0.10 g/m3, the Default Detection Limit for Total Nitrogen will
be 0.11 g/m3. In-house calculation.

0.05 g/m3
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Appendix E. Seepage calculations 



Royal Station and Underpass
Linear unconfined flow into a trench (flow one side)

Section 1 Section 2 Section 3 Section 4 Section 5 Section 6
Chainage Start (m) 21800 21850 21900 21950 30000 30050

Average Invert elevation (m AHD) 56.2 56.8 56.6 55.7 54.5 54.3
Average WL elevation (m AHD) 57.2 60.5 62.9 63.2 61.6 58.7

Excavation below WT? Yes Yes Yes Yes Yes Yes
Inflow

Hydraulic conductivity, K (m/s) 2.00E-07 2.00E-07 2.00E-07 2.00E-07 2.00E-07 2.00E-07
Elevation of base of aquifer, zbot (m AHD) 51.2 51.8 51.6 50.7 49.5 49.3 C.Head Boundary factor

Distance to constant-head boundary, A (m) 4.67 12.36 20.50 23.82 22.68 14.50 3 x required dd
Width of aquifer transverse to groundwater flow, L (m) 50.0 50.0 50.0 50.0 50.0 50.0

Head at the constant-head boundary, H (m AHD) 57.2 60.5 62.9 63.2 61.6 58.7
Head in the excavation, hd (m AHD) 55.7 56.3 56.1 55.2 54.0 53.8

Specific Yield 0.1 0.1 0.1 0.1 0.1 0.1
K (m/d) 0.017 0.02 0.02 0.02 0.02 0.02

Required dd (m) 1.56 4.12 6.83 7.94 7.56 4.83

Radius of influence (m) 3.43 4.09 4.69 4.92 4.84 4.26

Results
Calculated inflow, Q, (m3/s) 0.00002 0.00002 0.00003 0.00003 0.00003 0.00002

0.042 m3/day/m
Calculated inflow, Q, (m3/d) 1.52 1.89 2.28 2.44 2.38 1.99 12.51 m3/day

4,565 m3/year
Total inflow (m3/day) N/A N/A N/A N/A N/A N/A 4.56 ML

Cumulative inflow (m3) N/A 0.00 0.00 0.00 0.00 0.00

Max inflow 2.4 m3/day
Average inflow 2.1 m3/day

Max R0 4.9 m
Average R0 4.4 m
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Huruhuru Road Underpass
Linear unconfined flow into a trench (flow one side)

Section 1 Section 2 Section 3
Chainage Start (m) 31550 31600 31650

Average Invert elevation (m AHD) 18.1 16.5 14.1
Average WL elevation (m AHD) 19.0 19.1 13.7

Excavation below WT? Yes Yes Yes
Inflow

Hydraulic conductivity, K (m/s) 2.00E-07 2.00E-07 2.00E-07
Elevation of base of aquifer, zbot (m AHD) 13.1 11.5 9.1 C.Head Boundary factor

Distance to constant-head boundary, A (m) 4.17 9.24 0.18 3 x required dd
Width of aquifer transverse to groundwater flow, L (m) 50.0 50.0 50.0

Head at the constant-head boundary, H (m AHD) 19.0 19.1 13.7
Head in the excavation, hd (m AHD) 17.6 16.0 13.6

Specific Yield 0.1 0.1 0.1
K (m/d) 0.017 0.02 0.02

Required dd (m) 1.39 3.08 0.06

Radius of influence (m) 3.38 3.84 2.98

Results
Calculated inflow, Q, (m3/s) 0.00002 0.00002 0.00002

0.030 m3/day/m
Calculated inflow, Q, (m3/d) 1.50 1.74 1.30 4.54 m3/day

1,657 m3/year
Total inflow (m3/day) N/A N/A N/A 1.66 ML

Cumulative inflow (m3) N/A 0.00 0.00

Max inflow 4.5 m3/day
Average inflow 2.3 m3/day

Max R0 3.8 m
Average R0 3.4 m

0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0

31550 31600 31650

In
flo

w
 (m

3 /d
ay

)

Chainage (m)

Series1



Lincoln Road Station
Linear unconfined flow into a trench (flow two sides)

Section 1 Section 2 Section 3 Section 4 Section 5 Section 6 Section 7 Section 8
Chainage Start (m) 32150 32200 32250 32300 32350 32400 32450 32500

Average Invert elevation (m AHD) 10.7 11.1 10.7 9.5 9.0 8.7 8.7 9.0
Average WL elevation (m AHD) 12.7 14.5 14.5 14.8 15.1 14.5 13.9 11.8

Excavation below WT? Yes Yes Yes Yes Yes Yes Yes Yes
Inflow

Hydraulic conductivity, K (m/s) 2.00E-07 2.00E-07 2.00E-07 2.00E-07 2.00E-07 2.00E-07 2.00E-07 2.00E-07
Elevation of base of aquifer, zbot (m AHD) 5.7 6.1 5.7 4.5 4.0 3.7 3.7 4.0 C.Head Boundary factor

Distance to constant-head boundary, A (m) 7.32 11.67 12.94 17.65 19.89 19.10 17.05 9.73 3 x required dd
Width of aquifer transverse to groundwater flow, L (m) 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0

Head at the constant-head boundary, H (m AHD) 12.7 14.5 14.5 14.8 15.1 14.5 13.9 11.8
Head in the excavation, hd (m AHD) 10.2 10.6 10.2 9.0 8.5 8.2 8.2 8.5

Specific Yield 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
K (m/d) 0.017 0.02 0.02 0.02 0.02 0.02 0.02 0.02

Required dd (m) 2.44 3.89 4.31 5.88 6.63 6.37 5.68 3.24

Radius of influence (m) 3.67 4.04 4.14 4.49 4.65 4.60 4.45 3.88

Results
Calculated inflow, Q, (m3/s) 0.00004 0.00004 0.00004 0.00005 0.00005 0.00005 0.00005 0.00004

0.080 m3/day/m
Calculated inflow, Q, (m3/d) 3.29 3.71 3.83 4.29 4.50 4.43 4.23 3.53 31.81 m3/day

11,610 m3/year
Total inflow (m3/day) N/A N/A N/A N/A N/A N/A N/A N/A 11.61 ML

Cumulative inflow (m3) N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Max inflow 4.5 m3/day
Average inflow 4.0 m3/day

Max R0 4.7 m
Average R0 4.3 m
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Te Atatū Station
Linear unconfined flow into a trench (full flow one side, half flow one side)

Section 1 Section 2 Section 3 Section 4 Section 5 Section 6
Chainage Start (m) 42050 42100 42150 42200 42250 42300

Average Invert elevation (m AHD) 16.1 16.3 16.5 16.8 17.0 17.2
Average WL elevation (m AHD) 16.5 20.1 21.4 21.6 20.2 17.2

Excavation below WT? Yes Yes Yes Yes Yes Yes
Inflow

Hydraulic conductivity, K (m/s) 2.00E-07 2.00E-07 2.00E-07 2.00E-07 2.00E-07 2.00E-07
Elevation of base of aquifer, zbot (m AHD) 11.1 11.3 11.5 11.8 12.0 12.2 C.Head Boundary factor

Distance to constant-head boundary, A (m) 2.85 12.80 16.07 15.81 10.91 1.46 3 x required dd
Width of aquifer transverse to groundwater flow, L (m) 50.0 50.0 50.0 50.0 50.0 50.0

Head at the constant-head boundary, H (m AHD) 16.5 20.1 21.4 21.6 20.2 17.2
Head in the excavation, hd (m AHD) 15.6 15.8 16.0 16.3 16.5 16.7

Specific Yield 0.1 0.1 0.1 0.1 0.1 0.1
K (m/d) 0.017 0.02 0.02 0.02 0.02 0.02

Required dd (m) 0.95 4.27 5.36 5.27 3.64 0.48

Radius of influence (m) 3.25 4.13 4.38 4.36 3.98 3.11

Results
Calculated inflow, Q, (m3/s) 0.00002 0.00003 0.00004 0.00004 0.00003 0.00002

0.053 m3/day/m
Calculated inflow, Q, (m3/d) 2.15 2.87 3.10 3.08 2.73 2.05 15.98 m3/day

5,831 m3/year
Total inflow (m3/day) N/A N/A N/A N/A N/A N/A 5.83 ML

Cumulative inflow (m3) N/A 0.00 0.00 0.00 0.00 0.00

Max inflow 3.1 m3/day
Average inflow 2.7 m3/day

Max R0 4.4 m
Average R0 3.9 m
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Point Chevalier Station

Linear unconfined flow into a trench (flow one side)

Section 1 Section 2 Section 3 Section 4 Section 5 Section 6 Section 7 Section 8 Section 9
Chainage Start (m) 59700 59750 59800 59850 59900 59950 60000 60050 60100

Average Invert elevation (m AHD) 21.2 21.4 21.6 21.6 21.2 20.8 20.2 19.8 19.2
Average WL elevation (m AHD) 22.6 23.9 24.9 25.0 23.9 22.9 21.8 20.8 18.6

Excavation below WT? Yes Yes Yes Yes Yes Yes Yes Yes No
Inflow

Hydraulic conductivity, K (m/s) 2.00E-07 2.00E-07 2.00E-07 2.00E-07 2.00E-07 2.00E-07 2.00E-07 2.00E-07 2.00E-07
Elevation of base of aquifer, zbot (m AHD) 16.2 16.4 16.6 16.6 16.2 15.8 15.2 14.8 14.2 C.Head Boundary factor

Distance to constant-head boundary, A (m) 5.77 9.21 11.41 11.58 9.55 7.68 6.09 4.40 N/A 3 x required dd
Width of aquifer transverse to groundwater flow, L (m) 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 20.0

Head at the constant-head boundary, H (m AHD) 22.6 23.9 24.9 25.0 23.9 22.9 21.8 20.8 18.6
Head in the excavation, hd (m AHD) 20.7 20.9 21.1 21.1 20.7 20.3 19.7 19.3 18.7

Specific Yield 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
K (m/d) 0.017 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

Required dd (m) 1.92 3.07 3.80 3.86 3.18 2.56 2.03 1.47 N/A

Radius of influence (m) 3.53 3.84 4.02 4.03 3.86 3.70 3.56 3.41 N/A

Results
Calculated inflow, Q, (m3/s) 0.00002 0.00002 0.00002 0.00002 0.00002 0.00002 0.00002 0.00002 N/A

0.032 m3/day/m
Calculated inflow, Q, (m3/d) 1.57 1.74 1.84 1.85 1.75 1.66 1.59 1.51 N/A 13.52 m3/day

4,935 m3/year
Total inflow (m3/day) N/A N/A N/A N/A N/A N/A N/A N/A N/A 4.94 ML

Cumulative inflow (m3) N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Max inflow 1.9 m3/day
Average inflow 1.7 m3/day

Max R0 4.0 m
Average R0 3.8 m
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Appendix F. Seep/W Pore Pressure Profiles 
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Takaanini Formation
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Lincoln Road Station - Chainage 32300
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