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Executive Summary

This preliminary investigation identifies potential groundwater drawdown, dewatering and groundwater
mounding effects and requirements associated with cuts and structures proposed within the Tauriko West -
Tupenga Project. The investigation utilises interpolation of measured groundwater data and low-complexity
numerical three-dimensional modelling of groundwater levels and drawdown, which will inform design,
dewatering management, and groundwater diversion decisions and effects assessment where required.

The planned road corridor traverses geology dominated by recent alluvial deposits comprising gravel, sand, silt,
mud, and clay with localised peat in lower-lying areas and ignimbrite in higher-elevation areas. Permeability is
expected to be moderately high in the alluvial deposits and low in the ignimbrite.

Detailed review of key interaction areas along the Project shows significant topographical variation, however the
regional groundwater is estimated to lie below the deepest proposed cuts. Modelled and interpolated
groundwater levels, supported by recent monitoring data, provide a reliable representation of current conditions.
Consequently, prolonged or significant dewatering is unlikely along the cuts, and no adverse effects on
neighbouring bores, wetlands, or land settlement are expected.

Whilst the measured piezometric surface is significantly below the Project Control Levels, the pre-construction
modelled groundwater table under winter conditions was close to the Control Level at the Kaweroa Drive
Shared Path Underpass, Belk Road Underpass and the Kopurererua Stream Bridge (without any subdrain
groundwater controls) at approximately 0.9 m, 1.6 m and 0 m mBGL, respectively.

However, with 1.3 m deep subdrains beneath the road carriage, the model for the winter recharge scenario
indicates that the sub-drains will intercept groundwater to effectively prevent groundwater inundation.
Consequently, passive dewatering of groundwater is predicted at a number (18) of localised low-lying locations.

Groundwater modelling indicates the effects associated with the proposed works are highly localised with the
extent of drawdown up to approximately 450 m and maximum depth of less than 2.6 m. The maximum rate of
passive dewatering was estimated to be 1.68 L/s or 145 m3/day (Zone DD-15). Conversely, groundwater
mounding caused by fill placement is confined to an even smaller area, with a maximum increase in
groundwater levels of approximately 0.5 m and an extent of about 230 m.

Overall, the modelling indicates that the proposed works will result in only minor, localised changes to
groundwater flow patterns, and the potential for adverse effects on the wider groundwater system is therefore
also low and localised. This is because groundwater intercepted through passive dewatering will be discharged
as surface water to the same receiving environment that would have naturally received the original groundwater
flow.

Accordingly, no adverse effects are anticipated on neighbouring groundwater users, wetlands, or land stability,
and no land settlement is expected. The proposed drainage design is considered adequate to mitigate potential
groundwater-related inundation following construction.

There is potential for perched groundwater to occur in the high-elevation areas, particularly at Chainages 4,360
to 4,700 (SH29 Cut 5). However, BH1012 is located approximately 17 m from SH29 Cut 5 (Chainage 4,420),
with a measured groundwater level of 24 m AMSL, which is about 12 m below the base of the cut. Therefore,
perched groundwater is not expected to affect this cut or any other cuts.

Finally, as the proposed cuts are above both the regional water table and identified potential perched
groundwater levels, year-round excavation is feasible without the need for seasonal scheduling or specialised
dewatering measures. The overall conclusion is that the proposed 1.3 m deep sub soil drains within low lying
areas are appropriate to safeguard against inundation in low lying area of the project. Data from the existing
network of 13 continuous and 4 manual piezometers will be utilised to verify groundwater separation distances
are maintained throughout the construction period.



Contents

1.
11
2.
21
22
3.
3.1
3.2
3.21
3.2.2
3.2.3
33
331
4,
4.1
411
412
4.2
4.3
431
432
4.3.3
434

T Ao To LU o1 4T o I PP PT TR 1
SCOPE OF tNE ASSESSIMENE ......uvvvvsireeiereeet ettt ee e e ee e e e s e e R e st E e s e n e en e 1
PrOJECT OVEIVIBW ..ttt ettt e e e e e ookttt et e e e e e e e abbbbe e e e e e e e e aanbbeeeeaaeesaaasnbbeaeaaaeeaaanne 2
CULS ettt b bbb bbb bbb e R £ £ £ AR bbb b £ £ AR £ E R E b b e R R R £ £ AR AR b bbb bbb e Rt b bbbt n e 2
SUDSUITACE SHUCIUIES ...vvvvvvveiiei e 3
Existing Groundwater ENVIFONMENT ......oiii ettt e e et e e e e e e e sabbeeeeeaaeeaaaanes 5
TOPOGIAPNY ..ottt bbb bbb AR bR b bR bR bbb bbb 5
Geology and Hydrogeology

Geological Framework and StratiGrapY...........ccereuririrririieisineeiee ettt ettt 5
HydrogeologiCal CRATACIETISHICS ......c.euvrieeerieieiri ettt ettt bbbt 6
GrOUNOWALET FIOW SYSLEIMS......viietietetietets ettt bbb bbbttt 7
EXIStNG GrOUNAWALET BOIES ....vuvvvivereerseetsieseesssssstsssssesssseessss s ssessssss s ssas s sse s ssess st s s sesssss s ssssesesnssessssnsesssssessanes 8
RECENT PIBZOMELETS. ... ..vvvvesiii iR 8
Groundwater EffECtS ANAIYSIS ..ot e e e e e e s 12
MEENOAOIOQY ... ettt bbb bbb £ bbb bbbt 12
LCTCT TSy =L 1T 0] 103 PP SRRR

Numerical Groundwater Model

AANAIYSIS. ... ettt ettt s bR E £ R R R £ R bR R b £ AR bRt R bbbt

SUMMATry Of GrOUNAWALE EfFECES .......cuiiiiceiri ettt 17
PEICNEA GIOUNGWALET .......cucvaesreeser e 21
GrOUNAWALET INUNGALION ... 21
ACtIVE DEWALETING (CULS) cv.vvcvvriereeeetise ettt sts ettt bbb bbbttt bbb bbb 22
Passive Dewatering (Potential INUNALION AFBAS) ..........cueuriireuriierireeeirieieire ettt 22
Hydrological Uncertainty and Integrated Management..........cccooiuuiiiiiiiieiiiniiiiieeeee e 27
(O70T 0 o1 1T =] [0 Y o R PO PP PTRR PRSPPI 28
R (=T =T 0ot L TP PP PR 29

Appendix A. Summary of Bores Within 500 m

Appendix B. Results

Appendix C. Inferred Groundwater Level Map Along Cuts (Interpolated)

Appendix D. Inferred Groundwater Level Map Along Cuts (Modelled)



1. Introduction

This report considers:

o the potential need for, and possible effects of, groundwater dewatering (if any) associated with cuts; and
e possible groundwater interaction, design factors or effects arising (if any) in relation to foundation structures.

An overview of the road corridor is shown in Figure 1.
1.1 Scope of the Assessment

The scope of this assessment includes:

1. Describing the existing groundwater resources and environment along the proposed road alignment and
surrounding areas including the review and/or construction of:

— geological maps;

— previous geological and geotechnical reports containing aquifer hydraulic testing and groundwater level
data;

— borehole information for the local strata held by the Bay of Plenty Regional Council (BOPRC), the New
Zealand Geotechnical Database (NZGD), and CMW;

— depth to groundwater (m) contour maps based on available bore data, hydrogeological experience, and
known sink locations e.g., streams, wetlands and the Wairoa River;

2. Describing the groundwater level assessment methodology;

3. ldentifying any effects of the Project on groundwater resources, and how groundwater impacts on the
indicative design of the Project alignment and configuration; and

4. Outlining any recommended geotechnical mitigation options and design philosophies to mitigate potential
groundwater effects.
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2. Project Overview

An overview of the indicative Project alignment showing the proposed earthworks footprint, cut and fills depths /
extents and the main structure locations is presented in Figure 1. SH29 is 8.78 km long and the SH29A portion
is 2.12 km long. There are six significant cuts along the main road corridor and at intersections, as well as a
number of subsurface structures (bridges and underpasses), each of which is assigned a unique chainage and
reference code, as shown in Table 1. The chainage and reference code identifiers are used throughout this
report to accurately locate and reference cuts, structures, and other key features along the corridors (Figure 1).

21 Cuts

The Project traverses both valley floors and rolling low hill country, necessitating cuts and embankment fills at
several locations. As indicated above, each cut is labelled using the highway code followed by a sequential
number in the direction of increasing chainage. For example, the first cut along SH29A is designated
SH29A_Cut 1. The same labelling convention is applied consistently to SH29. Table 1 summarises the
locations and maximum heights of the indicative cuts along the Project corridor and its interchanges.

The Project design information (CMW, 2026) shows that along SH29 six cuts are planned between chainages
1,680 m and 5,280 m (Figure 1). Cut depth vary, with a maximum depth of 19.6 m, which occurs at chainage
5,280 m. The cut depth gradually decreases up to chainage 5,400 m, beyond which no further cuts are present
along the proposed alignment up to the end of construction at chainage 8,780 m. Along SH29A, two cuts are
planned between chainages 460 m and 1,360 m (Figure 1), with maximum cut depths ranging from 4.1 m to 8.8
m. Overall, the SH29 corridor involves deeper cuts than SH29A, warranting a greater focus for groundwater
assessment along this section.

Six road interchanges structures and two road crossings (Figure 1) also involve deep cuts, with maximum cut
depths ranging from 4 m to 22.7 m. The deepest cut occurs in the Redwood Lane interchange (described as
existing SH29 extension (RS250)).

Table 1. Summary of the locations of the cuts

Road and Slope Cut Chainage (m) Maximum Depth of
Cut (m)

SH29 Cut 1 1,680 124

SH29_Cut 2 2,940 78

SH29_Cut 3 3,660 10.8

SH29_Cut 4 4,040 938

SH29 _Cut 5 4,400 12

SH29_Cut 6 5,280 196

SH29A_Cut 1 460 41

SH29A_Cut 2 1,360 838

Belk Road (RS120) 120 183

Redwood Lane Interchange (Existing SH29 Extension (RS250)) 120 227
Redwood Lane (RS210) 20 53

Redwood Lane Interchange Westbound Exit Ramp (RS240) 440 135

Takitimu Drive Interchange Westbound Entry Ramp (RS330) 800 192
Takitimu Drive Interchange Westbound Exit ramp (RS320) 180 4
Barkes Comer Interchange Westbound Exit Ramp (RS530) 1,260 76
Barkes Comer Interchange Eastbound Entry Ramp (RS520) 260 4
Kaweroa Drive Shared Path Underpass 80 55

Williamson Water & Land Advisory Limited









3. Existing Groundwater Environment
3.1 Topography

The Project traverses gently rolling terrain. Along SH29, ground elevations range from a maximum of
approximately 62.4 mAMSL to a minimum of about 0.7 mMAMSL. Along SH29A, elevations range from
approximately 46.3 mAMSL to 3.4 mAMSL. Figure 2 and Figure 3 illustrate the topographic variation, proposed
road surface levels, and the locations of cuts along the SH29 and SH29A corridors.
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Figure 2. Long section along SH29 road corridor.
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Figure 3. Long section along SH29A road corridor.
3.2 Geology and Hydrogeology
3.2.1 Geological Framework and Stratigraphy

The Project area is situated within the Tauranga Basin, which is a complex structural depression partially infilled
by a sequence of terrestrial and estuarine sediments, and overlying volcanic ashes. The surface geology is
mapped by Geological and Nuclear Sciences! as presented in Figure 4, with each primary unit summarised as
follows and defined in more detail in Table 3:

o Surficial Tephra: A blanket of Late Pleistocene to Holocene volcanic ash (tephra) covers much of the
rolling hill country, often weathering into sensitive, clay-rich soils (e.g., Hamilton Ash).

! Leonard, G.S.; Begg, J.G.; Wilson, C.J.N. (compilers) 2010. Institute of Geological & Nuclear Sciences 1:250 000 geological map 5. Lower Hutt,
New Zealand. Institute of Geological & Nuclear Sciences Limited.
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Fine Sands, Silts, Clays, & Act as aquitards, and may create perched water tables 10°to 10®
Low to Very Low .
Peat above or confined conditions undemeath.

Welded Ignimbrite Low (Matrix) Flow is restricted to secondary fractures and joints. 105 to 10°

3.23 Groundwater Flow Systems

The groundwater flow system in the area can be summarised as follows:

e Strong Horizontal Flow: Within the alluvial aquifers (SH29A corridor and low-lying SH29 sections),
groundwater flow is likely dominated by horizontal flow due to the relatively high permeabilities in the more
gravelly and sandier deposits, with the silt and clay impeding vertical flow. Groundwater flow patterns are
likely to follow gradients toward the Wairoa River and Kopurererua Stream.

» Vertical Leakage: Where lower-permeability silts are thin or absent, vertical leakage occurs between the
shallow unconfined system and deeper ignimbrite aquifers. The direction of vertical flow (up/down) is
governed by the topographic position within the basin.

e Perched Systems: Possible in the tephra-covered hills, where infiltrating rainwater is trapped above low-
permeability weathered clay layers, independent of the regional water table. The significance of any perched
aquifer is largely governed by the contributing surface recharge area i.e. small recharge areas are likely to
result in small highly seasonal flow only.

The Project traverse two principal geological formations according to the geological map, as summarised in
Table 5.

Table 5. Summary of geological formation locations.

Chainages Description
SH29

These sections are underlain predominantly by recent alluvial
deposits comprising gravel, sand, silt, mud, and clay, with

278-540 m, 1,060-1,500 m, 1,880-2,620 m, 5,460-8,900 m localised peat. Recent drilling tends to suggest the actual
lithology is dominated by fine to medium sand, with alternating
thin layers of silts and clays.

In the central, higher-elevation sections, the geology is dominated
by unwelded ignimbrite (Figure 4). These materials are
comparatively more consolidated and resistant to weathering. All
proposed cuts along SH29 occur within this geological unit.

540-1,060 m, 1,500—1,880 m, 2,620-5.460 m

SH29A
0-400 m, 1,900-2,120 m Dominated by unwelded ignimbrite.

A low-lying area underlain by recent alluvial deposits comprising
400-1,990 m gravel, sand, silt, mud, and clay, with local peat and modern

riverbed sediments.

The main water-bearing units in the Project area are shallow and unconfined sand layers interbedded with silt
and clay. Based on available drilling information and an understanding of the local hydrogeology, two main
aquifer types are recognised at the site:

* A shallow unconfined aquifer at the regional groundwater table; and
* A deeper confined aquifer within the basement rocks, which is not expected to influence this project.

Given the presence of interbedded silt and clay within the profile that is predominantly fine to medium sand, as
indicated above the overall bulk permeability is likely to be tempered, meaning groundwater flow is more
subdued that if the profile comprises cleaner sands and gravels.

Williamson Water & Land Advisory Limited
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3.3 Existing Groundwater Bores

Based on bore records obtained from the Bay of Plenty Regional Council (BOPRC), a total of 24 bores are
located within 500 m of the Project’s cuts and subsurface structures (Figure 5). The key information available
in the BOPRC bore database that is useful for this assessment comprises the following:

o Static water level - is essential for developing a spatially explicit understanding of the piezometric surface
(or water table), which indicates the direction of groundwater flow.

e Casing depth - provides insight into the depth where usable quantities of groundwater are typically
encountered, and provides insight into the degree of connection with the surface (i.e. the deeper the casing
depth, the less connectivity to the surface).

e Casing diameter - is used to determine the maximum size of pumps that can be installed and the potential
yield the bore can support.

The intended use of the bores is also an important consideration if the Project is likely to have a dewatering
effect. The bores in the area were typically stated as being used as Production bores, Geotechnical bores,
Monitoring bores or Investigation bores. Table 12 to Table 14 (Appendix A ) provide a summary of bores from
cuts in the main road corridor, cuts in interchanges, and bridges, respectively.

The two bores nearest to any of the proposed cuts (SH29_Cut 6 and SH29_Cut 4) are BOPRC bore IDs BN-
4130 and BN-4170, located approximately 65 m and 79 m away, respectively (Table 12). Construction details
for bore BN-4130 are unavailable. Bore BN-4170, which is 49 m deep and located at an elevation of 44.1
mAMSL, has a recorded static water level of about 39 mBGL (5.1 mAMSL).

BN-2007 is located 57 m to Kaweroa Drive Shared Path and Underpass. The bore is 90 m deep and cased to a
depth of 39 mBGL (Table 13).

Across the wider area of interest, bore records indicate an average total depth of approximately 141 m, an
average casing depth of about 61 mBGL, and an average static water level of approximately 23 mBGL.

3.31 Recent Piezometers

Beca has installed 17 piezometers along the main road corridor, to inform geotechnical investigations for the
Project, and has recently provided groundwater level (dip) data for 12 of them. A summary of the groundwater
level data collected in the piezometers is presented in Table 6, noting that data obtained during drilling is
considered less reliable.

Table 6. Summary of installed piezometers

Measured water level during Dipped water level (16 and

Horele Drilling (mAMSL) 19 March) (mAMSL)
BH1001 Not Available Not Measured
BH1002 11.0 26.3
BH1003 72 17.35
BH1004 14 0.66
BH1006 56 573
BH1007 73 4.81
BH1009 396 337
BH1010 30.9 dry
BH1012 246 2454
BH1014 185 29.7
BH1015 386 24.7
BH1018 33 1.76

Williamson Water & Land Advisory Limited












4. Groundwater Effects Analysis

4.1 Methodology

Groundwater controls will be required where the design subgrade or invert level is lower than a groundwater
table, whether that be a regional groundwater table or a localised perched groundwater table. The methodology
focuses on developing a piezometric surface along the Project alignment, and comparing that to the Project’s
control levels in order to determine whether such controls are merited for the Project.

The preliminary assessment was undertaken by superimposing Tauriko West Consent Level Designs supplied
by BBO (CMW, 2026), onto 1 m resolution LIiDAR data obtained from LINZ.

A piezometric surface (groundwater level contour plan) was developed using two methods:
41.1 Geospatial Interpolation

Static groundwater level (SWL) data were interpolated using the minimum curvature geospatial interpolation
method. SWL's were obtained from multiple sources, including:

¢ BOPRC:2 bore records;

e borehole and cone penetration test (CPT) data from the WSP geotechnical report (WSP, 2023);
e borehole, and CPT data from the BECA geotechnical report (BECA, 2025) ;

e BECA recent drilling data (dipped piezometers) (BECA, Personal communication, 2026);

e borehole and test pit data from the CMW geotechnical report (CMW, 2019), and

e streambed elevation data, which constrains groundwater levels.

To ensure the dataset is representative of regional shallow groundwater conditions that have the potential to
impact the project, BOPRC records were filtered to exclude bores deeper than 100 m and bores with casing
depths greater than 30 mBGL.

Inferred sub-soil drainage water (rather than true groundwater) observed in many shallow bores and auger
holes were excluded from the interpolation.

In one location perched groundwater that is significantly higher than the inferred regional groundwater table was
observed. This occurred at Bore BHO7 (WSP,2023), located near SH29 Cut 5. Consequently, BHO7 is
assumed to be monitoring a perched groundwater system.

Accordingly, the resulting contour map (Figure 6) represents the regional groundwater table or piezometric
surface. Static water level data are limited to streambed elevation along the SH29A corridor, assuming the
stream is groundwater supported.

4.1.2 Numerical Groundwater Model

Groundwater monitoring data at the time of capture can be influenced by several variables, including
seasonality, post-drilling recovery, perched water tables, and sub-soil drainage in shallow holes. To account for
this variability and verify regional levels, a low-complexity three-dimensional groundwater model was developed.
Literature (CMW, 2025) values for hydraulic conductivity of the alluvial sediments, tephra and non-welded
ignimbrite units were used as a guide, and adjusted iteratively to achieve a reasonable match to the observed
groundwater levels, with recharge fixed at 50% of mean annual rainfall to represent higher groundwater levels
as expected during winter conditions.

While not subject to formal calibration, the model was designed as a diagnostic tool to produce a representative
simulation of the anticipated and observed groundwater level distribution. In areas where there is a

2 https://maps.boprc.govt.nz/datasets/BOPRC::well-bore-locations-in-the-bay-of-plenty/explore



concentration of piezometers and therefore measured groundwater levels, the interpolated piezometric surface
should be considered more accurate than the modelled. The resulting piezometric surface derived from the
model is presented in Figure 7.

Two versions of the model were prepared, representative of:

a) pre-construction or current day ground surface; and

b) a post construction surface with groundwater sub-drains assigned 1.3 m below the Control Level
within the carriageway.


















Detailed analysis of shallow auger hole and CPT data indicates that, in isolated locations, seepages from sub-
soil drainage and perched groundwater may be encountered at shallow depths. This perched water typically
occurs within moderately permeable sand layers overlying lower-permeability clay or silt confining units. While
such perched groundwater may cause short-term nuisance during construction (e.g. wet soil conditions for the
Contractor to manage), it generally dissipates rapidly where the perched systems are lensoidal (such as in
cross-bedded strata as this), and where the upgradient contributing catchment area is limited.
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Cut/ Bridge Chainage Base Inferred Groundwater Level Depth To Groundwater*
Elevati f
e?la fon o Interpolated Modelled Interpolated™ Modelled”
Maximum Cut
(m) (mAMSL) (mAMSL) (mAMSL) (m) (m)
Redwood Lane 2220 104 43 86 6.1 18
Interchange
Tauriko Village 4440 38 248 184 132 196
Overbridge
Cambridge Road 5100 354 15.0 135 204 219
Overbridge
Takitimu Drive 6140 7.8 29 28 49 5.0
Interchange
Barkes Corner 1340 321 18.7 222 134 99
Interchange
Kopurererua Stream 160 39 21 39 1.8 0
Bridge
Nanako Stream Bridge 700 Not specified 30 37 - -

Note: *Values in brackets are the depth to groundwater from the base of cut.

4.31 Perched Groundwater

Figure 13 indicates a probable perched groundwater table between chainages 4700 m and 4900 m along
SH29, which is also illustrated in Figure 10 and Figure 13. According to WSP (2023), BHO7 was drilled to a
depth of 11 m, encountering a fine to coarse grained sand layer overlying silty clay at approximately 42.5 m
AMSL (4 m BGL). A5 m deep piezometer was installed in the bore. The thin sand layer overlying the silty clay
is likely responsible for the development of the perched groundwater table at this location.

At this location, the base of the proposed cut is at 43 m AMSL, while the perched groundwater level is recorded
at approximately 41.8 m AMSL. This indicates that the perched groundwater table is about 1.2 m below the
control level. Therefore, dewatering is not expected to be required at this location or any other location due to
perched groundwater.

4.3.2 Groundwater Inundation

Natural groundwater inundation occurs where groundwater levels are predicted to be at or above the original
ground surface in low lying areas (as opposed to cuts). Groundwater inundation whilst not measured, was
modelled as having potential to occur during winter conditions at several low-lying locations, as shown in Figure
13 and as follows:

¢ Belk Road intersection (chainage 0 to 50 m-RS120)2.
e SH29A (chainage 1700 to 2000 m)-.

The inundation analysis used the groundwater model to generate groundwater levels as described above, with
comparison against ground levels from LiDAR.

During the Project construction, these low lying areas will experience fill emplacement and sub-drains are
installed beneath the entire road carriage way to control both sub-soil drainage and groundwater.

A groundwater model scenario was run that incorporated the post construction ground surface and subsoll
drains at 1.3 mBGL under the carriageway in inundation prone areas. The modelling result for the winter

3 Figure 23 in Appendix B provides a hydrogeological long section of the site.
4 Figure 11 provides a hydrogeological long section of the site.

Williamson Water & Land Advisory Limited



recharge scenario indicate that the sub-drains will intercept groundwater rise to effectively prevent groundwater
inundation along the carriageway. Consequently, passive dewatering of groundwater is predicted at a number
of localised low lying locations, as discussed in the following section.

Groundwater from the drainage system will be diverted to the nearest downgradient surface drainage network,
which is ultimately where groundwater seeps to naturally. The implication is that there will not be a significant
difference in groundwater flow path or flow rate as a result of the construction work.

4.3.3 Active Dewatering (Cuts)

The invert level of all cut faces remains above the regional groundwater table, hence no active dewatering is
required.

It is likely that bridge piles will intersect the groundwater table. It is anticipated that piles will be advanced using
steel caissons, and excavated internally, which will mitigate any dewatering requirements. Accordingly, any
dewatering during pile construction (if any) will be of short duration and not of significant volume, given the
internal excavation construction method.

4.3.4 Passive Dewatering (Potential Inundation Areas)

Analysis of drawdown and mounding due to the 1.3 m deep sub-drains beneath the surface of the carriageway
and fill emplacement in low lying areas, was undertaken using the model. Where drawdown occurred, the
model calculated rates of passive dewatering, and where mounding occurred, the model calculated the change
in water balance immediately under the mounding area in the local stream network.

Groundwater drawdown and mounding (increased groundwater level) areas were determined by comparing
piezometric surfaces generated from the pre-construction and post-construction groundwater models. Figure
14 illustrates the identified drawdown and mounding areas.

A total of 18 groundwater drawdown zones and 19 mounding zones were identified (Table 10 and Table 11).
The maximum drawdown depth is approximately 2.6 m and maximum drawdown extent is 450 m (in locations
where the post construction ground surface is lower than the pre-construction ground surface). The maximum
mounding depth is approximately 0.5 m and extent is very localised (less than 230 m), hence the scale of
groundwater level changes related to underdrainage coupled with emplaced fill (where relevant) is small.

Where groundwater drawdown occurs, this results in a theoretic loss in groundwater discharge to the local
stream network through passive dewatering, although in practice, the intercepted groundwater discharges back
to the local stream immediately downgradient of the road carriageway. The maximum passive dewatering rate
in a drawdown area was estimated at 1.68 L/s (145 m3/day) and occurred within Zone DD-15.

Where groundwater mounding occurs because of fill emplacement, there may be a localised reduction in
groundwater discharge to the original stream bed at that location, but the groundwater remains in the aquifer as
increased storage (mounding) and will continue to flow, manifesting in the stream slightly further downstream.
The maximum change in groundwater discharge to streams was estimated at 1,2 L/s (100 m3/day) Zone MD-11.

Therefore, under both the groundwater drawdown or mounding assessment, there is no net loss of stream
baseflow and the effects of this are considered less than minor.















5. Hydrological Uncertainty and Integrated Management

While the assessment concludes that regional groundwater dewatering will not be required, the management of
intermittent water ingress remains a key variable. During winter months, differentiating between surface runoff,
sub-soil drainage, and perched water tables is often impractical, principally because surface runoff will
overshadow the other components of the water balance. Consequently, all water encountered within the
Project footprint should be managed through the established stormwater and erosion control systems.

Groundwater related effects from dewatering or diversion (inundation) are considered zero in areas where
groundwater is not encountered. Where groundwater is encountered the effects are considered no more than
minor. Nevertheless, a cautious approach is recommended to seek project wide consents to intercept, capture
and discharge any intercepted groundwater flows (if encountered).



0. Conclusion

The Project traverses geology dominated by recent alluvial deposits comprising mainly sand, silt, and clay with
localised peat in lower-lying areas and unwelded ignimbrite in higher-elevation areas. Permeability is expected
to be moderately low to moderate (10 to 10> m/s) in the alluvial deposits, and moderate to high in the
unwelded ignimbrite (10-% to 104 m/s).

The regional groundwater level using the pre-construction model is estimated to lie approximately 0.1 to 27.5 m
below the base of the deepest proposed cuts. In most areas groundwater remains significantly below the
proposed Control Levels and no dewatering will be required.

There are 18 locations where the Project (either sub-surface structures or sub-drains) may intersect with
groundwater, particularly during winter, and passive dewatering along with commensurate minor groundwater
drawdown will occur.

The groundwater model with winter recharge conditions indicates that the proposed post-construction drainage
measures, including subsoil drains installed at 1.3 mBGL, are effective in reducing groundwater levels within the
designation area, such that no groundwater inundation is identified in low-lying areas.

Passive dewatering from the subsoil drains in the low-lying areas is localised, with of limited depth (<2.6 m) and
extent (450 m) of drawdown. Mounding due to fill emplacement is even more localised, with maxim rise in
groundwater level of 0.5 m and extent limited to 230 m.

Both the groundwater drawdown (passive dewatering) or mounding result in no net loss of stream baseflow
because groundwater will; be discharge either passively or via natural throughflow effectively into the same
surface water receptor immediately downstream of the affected area.

Therefore, because of the limited and localised drawdown, and no net losses in surface water flows, it is
expected that there will be no effects on neighbouring bores, or wetlands and no land settlement.

A possible perched groundwater table was encountered at BHO7 (Section 4.1), however the level was still 1.2
m below the base of the proposed cut. At no other sites were potential or possible perched groundwater
encountered. Therefore, perched groundwater is not expected to affect this cut, nor any others.

Finally, as all the proposed cuts remain above both the regional water table and identified potential perched
groundwater levels, year-round excavation is feasible without the need for seasonal scheduling or specialised
dewatering measures. Proposed 1.3 m deep sub soil drains within low lying areas are adequate mitigate
inundation in low lying areas. Data from the existing network of 13 continuous and 4 manual piezometers will
be utilised to verify these separation distances are maintained throughout the construction period.
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Appendix B. Results
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Figure 15. Long section along 1460 to 1860 m (SH29_Cut 1 and Belk Road Underpass).
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Figure 16. Long section along 2880 to 3080 m (SH29_Cut 2).
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Figure 23. Long section along 0 to 250 m (Belk Road RS120)
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Figure 24. Long section along 0 to 480 m (Redwood Lane Interchange Existing SH29 Extension RS250)
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Figure 25. Long section along 0 to 550 m (Redwood Lane Interchange Westbound Exit Ramp RS240)
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Figure 26. Long section along 560 to 900 m (Takitimu Drive Interchange Westbound Entry Ramp RS330)
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Figure 27. Long section along 0 to 400 m (Takitimu Drive Interchange Westbound Exit ramp RS320)
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Figure 28. Long section along 1000 to 1450 m (Barkes Corner Interchange Westbound Exit Ramp RS530)
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Figure 29. Long section along 180 to 580 m (Barkes Corner Interchange Eastbound Entry Ramp RS520)
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Figure 30. Long section along 0 to 250 m Kaweroa Drive Shared Path Underpass (RS201)
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Appendix C. Inferred Groundwater Level Map Along Cuts
(Interpolated)
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Appendix D. Inferred Groundwater Level Map Along Cuts
(Modelled)
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