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1. Introduction 

Meridian Energy Limited (Meridian) have engaged GHD Limited (GHD), to assist with obtaining consents to 
authorise the operation of Lake Pūkaki below the current normal minimum level of 518 m above mean sea level (m 
RL), for a three-year period, and for civil works at Pūkaki Dam to improve the structures resilience to wave action 
during lower lake operational levels. 

1.1 Project Background 

1.1.1 Waitaki Power Scheme 
The Waitaki Power Scheme (WPS) is a nationally and regionally significant component of New Zealand’s 
electricity supply infrastructure. It is New Zealand’s largest and most flexible hydroelectricity power scheme and 
therefore has a critical role to play in the electricity system and economy.  It consists of eight power stations (two 
owned by Genesis Energy and six owned by Meridian Energy), commissioned between 1935 and 1985, together 
having an installed capacity of 1,761 MW, being ~32% of New Zealand’s installed hydro capacity. 

Lake Pūkaki is a modified natural lake and is managed as part of the WPS. It is New Zealand’s largest hydro 
storage lake and provides an average of 1,767 GWh of stored water in normal operating conditions, with an 
additional 545 GWh available during a national electricity shortage. 

Meridian is currently authorised to dam the Pūkaki River to control and operate Lake Pūkaki between the levels of 
518 m RL (normal consented minimum lake level) and 532.5 m RL (maximum consented storage level).  

1.1.2 Previous Plan Changes - Waitaki Catchment Allocation 
Regional Plan (WAP) 

The WAP is a sub regional plan and provides objectives, policies and rules for the use and development of water 
resources within the Waitaki Catchment. Prior to 2012, it was a prohibited activity in the WAP for Meridian to draw 
the lake level below 518 m RL.  

1.1.2.1 Plan Change 1 (PC1) 

In 2012, Meridian initiated Plan Change 1 (PC 1) to the WAP which sought to introduce a new minimum lake level 
for Lake Pūkaki during circumstances when the System Operator (SO) had commenced an Official Conservation 
Campaign (OCC) in regard to electricity supply.  PC1 allowed additional water from Lake Pūkaki to be used for 
generating electricity as a permitted activity when an OCC is declared by the SO. 

When assessing the potential operation of Lake Pūkaki below 518m for PC1, the duration of an entire event (time 
below 518 m RL) was considered likely to be between 4-7 months (this includes the time spent operating below 
518 m RL, as well as the time required to restore the lake level to above 518 m RL once an electricity supply 
emergency ended).  Supporting technical effects assessments were submitted as part of this plan change process. 
It was ultimately concluded that allowing access for electricity generation purposes to water stored between 513 
and 518 m RL, as a permitted activity once an electricity supply emergency had been declared, was appropriate 
and promoted the sustainable management purpose of the RMA. PC1 was adopted by Environment Canterbury 
on 27 September 2012. 

This report relies on the PC1 2012 effects assessments as being appropriate and focus on both the changes that 
have occurred since 2012, and the differences between the activities permitted by PC 1 and the proposed 
activities.  This is the ‘Baseline’ that is referred to throughout this report. 

1.1.2.2 Plan Change 3 (PC3) 

PC3 included a new rule regarding the use of Lake Pūkaki between 518 m RL and 515 m RL. In addition to the 
PC1 Permitted Activity rule, at times of a Security of Supply Alert (SSA) initiated by the SO, the lake may be 
operated between the alert minimum control level of 515 m RL and 518 m RL. The rule is not a permitted activity 
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and to implement this, Meridian applied for and was a granted resource consent in 2018 (CRC185833). This 
consent expired on 30 April 2025 but has been granted a section 124 continuance while the new replacement 
consent (CRC240441) is being processed. 

1.1.3 Meridan’s Application  
Meridian is seeking approvals under the Fast Track Approvals Act (FTAA) to enable access to water stored in 
Lake Pūkaki below 518 m RL, without the currently applicable security of supply triggers, thereby enabling the 
better planning and utilisation of the available stored generating capacity. Further information on the background 
to the proposal and the benefits of allowing access to additional water is provided in the Substantive Application1 
document that supports the FTAA application. 

Meridian is proposing to access the additional storage for a time-bound period of three years, until the end of 
2028. For the purpose of this report ‘Eased Access’, refers to the ability to use water from Lake Pūkaki between 
513 m RL and 518 m RL without a SSA or OCC being initiated by the SO. The ability to access stored water below 
518 m RL will be incorporated into Meridian’s electricity generation models and water stored in Lake Pukaki (both 
above and below 518 m RL) will continue to be managed to supply the market. The three-year period is to allow 
for additional generation capacity that is currently being built, to come online. For further clarification, the existing 
lake operation framework and proposed activity is detailed below in Table 1. 

 Existing Framework Proposed Activity 

Operation of Lake above 518 m RL (CRC905321.7). Operation of Lake above 518 m RL (CRC905321.7).  
UNCHANGED.  

Operation of Lake between 518 m RL and 515 m RL as a 
discretionary activity at times of a Security of Supply Alert 
initiated by the System Operator (CRC185833). 

Operation of Lake between 518 m RL and 513 m RL for a 
period of 3 years without a Security of Supply Alert or 
Official Conservation Campaign being initiated by the 
System Operator. 

 
Operation of Lake between 518 m RL and 513 m RL as 
permitted activity during an Official Conservation Campaign 
initiated by the System Operator (Permitted Activity). 

Table 1 Proposed Activity – Eased Access   

In addition to the temporary ability to lower the lake level, Meridian seeks consent for the installation of rip-rap on 
the face of the Pūkaki dam and its left and right abutments to provide protection from wave erosion, when 
operating the lake below 518 m RL. Rip-rap will be placed to a maximum depth of 510.5 m RL, with 
earthworks/site preparation activities extending to a maximum depth of 509.6 m RL.  Rock armouring will take a 
total of 12-18 weeks to complete but is expected to be done over multiple stages over several years and works 
may be required to be completed beyond 2028.  

Meridian has stockpiled rock for this purpose on its land adjacent to the Pūkaki dam since 2014, but the rock 
armouring has not been undertaken due to the existing supply triggers never being initiated by the SO, with the 
result that the lake level has not been low enough over that period to allow the works to be completed. 

1.2 Purpose of this report 
The purpose of this report is to briefly describe the proposal, the current environment setting focusing on the 
groundwater system, document an assessment of effects of the proposal on groundwater users and wetland 
hydrology. 

1.3 Scope of this Report  
The hydrogeology scope is: 

– Literature and data review to inform a conceptual groundwater model.  

– Site visit with Tonkin and Taylor ecologists, undertaken between 23 and 24 January 2025. 

 
1 FOOTNOTE OF SA HERE 



 

GHD | Meridian Energy Limited | 12656630 | Lake Pūkaki Reservoir Hydro Storage and Dam Resilience Works 3
 

– Preparation of an assessment of environment effects focusing on:   

 Existing groundwater users. 

 Changes in wetland hydrology, in wetlands near the lake margins.  

– Comparison between the proposed activity and PC1 assessment.  

– Production of this technical report.  

1.4 Assumptions 
– It is assumed that the aquifers near the lake are primarily driven by gravity and therefore likely follow 

topographic gradients.  

– The information and assessment presented in this report rely on the accuracy of Canterbury Maps, 
specifically elevation information, and information pertaining to bores (locations, levels, geological logs etc).  

– Meridians Lake level and electricity demand modelling has been used in this assessment to anticipate effects. 
The Meridian Lake Level and Electricity Demand Modelling Report (Meridian, 2025 and summarised in 
Section 2.1) is to be read in conjunction with this report, taking note of the assumptions they have used. 

– Other assumptions are listed in this report, particularly in Section 4 (Assessment of environmental effects).  

1.5 Report Author and Contributions 
The qualifications and experience of the report authors are set out in Appendix C. The author confirms that they 
have read the Code of Conduct for Expert Witnesses contained in the Environment Court Practice Note (2023) 
and agree to comply with it. In that regard the lead author confirms that this groundwater report is written within 
their expertise, except where stated that the author is relying on the assessment of another person. The author 
confirms that they have not omitted to consider material facts known to them that might alter or detract from the 
opinions expressed. 

1.6 Limitations 
This report has been prepared by GHD Limited on the instructions of Meridian Energy, in accordance with the 
agreed scope of work. It is intended to support Meridian’s application under the Fast-track Approvals Act 2024 and 
may be relied upon by the Expert Panel and relevant administering agencies for the purposes of assessing the 
application. 

While GHD Limited has exercised due care in preparing this report, it does not accept liability for any use of the 
report beyond its intended purpose. Where information has been supplied by the Client or obtained from external 
sources, it has been assumed to be accurate unless otherwise stated. 
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2. Proposed activities  

Meridian is proposing two activities, being: 

– Over a three-year period, having the ability to lower the lake levels below 518 m RL to a minimum level of 513 
m RL, so that stored lake water can be used to generate electricity. 

– When the lake levels are low, this enables civil works near the Pūkaki Dam, specifically extending rip-rap 
armouring to reduce the risk of erosion on the dam face and other critical infrastructure.  

The focus of this report will be on the short-term change to the lake operating level for electricity generation, as 
groundwater is unlikely to be impacted during the civil works.  

2.1 Short-term change to lake operating level 
Meridian undertook modelling to understand potential changes to lake levels from the proposed activity (Meridian, 
2025). The modelling draws on 91 years of hydrological and meteorological data for the lake, and the current 
understanding of the NZ energy system (supply and demand analysis) resulting in forecasts of stored water 
(energy), which can be used to understand potential changes to lake levels (Figure 1). The Meridian modelling 
indicates the following: 

Modelled First Year of Eased Operation (2026) 

– Under eased conditions of operation, typically lake levels are held lower, but still within the normal operating 
range above 518 m RL most of the time, only falling below 518 m RL on occasion. 

– There is approximately a 3% probability that lake levels in any given week will be below 518 m RL.  
Therefore, on average the lake level will be below 518 m RL for approximately 1.5 weeks in the first year of 
operation. 

– 23% of the modelled hydrological sequences dip below 518 m RL in the first year.  However, most instances 
are short duration and not deep.  Of the 91 hydrological sequences modelled, 21 sequences fall below 
518.0m and of these 21 sequences: 

 9 fall between 518 – 517 m 

 6 fall between 517 m – 516.5 m 

 3 fall between 516.5 m – 516 m 

 2 fall between 516 m - 515 m 

 1 falls below 515 m 

 

– In terms of duration, in the worst-case scenario, the lake level falls below 518 m RL in early September and 
does not return above 518 m RL until December (a duration of no more than 4 months). However, the 
likelihood of this scenario is extremely low – approximately 1% (1 of the 91 hydrological sequences 
modelled). 

 
Modelled Subsequent Years of Eased Operation (2027 and 2028) 

– The pattern is broadly the same in subsequent years although the probability of falling below 518 m RL in any 
given week increases very slightly to 3.5% in 2027 and 4% in 2028. 
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Figure 1 Meridian (2025) modelling results for stored lake water  

2.2 Plan Change 1  
The PC1 application stated: 

– The duration of an event (time below 518 m) is likely to be between 4-7 months, with 7 months being an 
extreme scenario. Refilling of the lake to return above 518 m was by late December and sometimes into early 
January.  

– The rate of drawdown of lake levels was estimated to be 1.5 m to 3 m per month in low flow conditions.  

– The PC1 application did not consider the frequency of lake levels going below 518 m RL.  

CPG (2012) provided analysis on potential effects of PC1 on groundwater and surface water users and concluded 
that: 

– “The Irrigation and Horticultural takes are unlikely to be affected; 

– Consented stockwater takes are not going to be affected; 

– Unconsented but registered domestic and stockwater takes are not likely to be affected; 

– The effect on unconsented and unregistered domestic and stockwater takes is unknown; and, 

– One registered observation well could potentially be affected. However, this belongs to Meridian”.  

PC1 occurred prior to the National Environmental Standards for Freshwater (2020) therefore, impacts on wetlands 
were not explicitly assessed, although it is noted that CPG (2012) implicitly assumed that effects on the 
groundwater system would be minimal.   
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3. Environmental setting  

This section provides a summary of the environmental setting, to provide context for the assessment of 
environmental effects in Section 4.  

3.1 Topography  
The topography around Lake Pūkaki is shown in Figure 2. To the north is Aoraki / Mount Cook at an elevation of 
approximately 3,700 m. The peaks of Ben Ohau Range to the west of Lake Pūkaki, reach elevations between 
approximately 2,263 m to 2,627 m and are generally steeper than the hills to the east of the lake. The difference in 
elevation between peaks of Ben Ohau Range and lake are in the order of 1,700 m or more.  

 

Figure 2 Topographic map with spot heights (relative to mean sea level) and selected features   
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3.2 Climate and hydrology  
The climate of the Mackenzie basin is dominated by westerly winds and the Southern Alps, that creates a föhn 
effect resulting in steep rainfall and temperature gradients near to the divide (Kerr, 2009). As an example, the 
annual rainfall varies throughout the basing from 4,586 mm at Aoraki / Mount Cook village2 to 663 mm at Pūkaki-
Twizel airport3, (Figure 3 A). Monthly average precipitation in the Mackenzie district (excluding Aoraki / Mount 
Cook village site) is relatively consistent year-round, but with a clear seasonal change in temperature (Figure 3 B 
and Boffa Miskell, 2023a). Aoraki / Mount Cook village mean monthly rainfall is an order of magnitude higher than 
the Mackenzie district average (Figure 3 B and C), with maximum daily rainfall per month demonstrating that large 
rainfall events (>100 mm/day) occur reasonably often in the upper catchment. In the upper catchments of Lake 
Pūkaki, there are also numerous glaciers, indicating permanent snow and ice cover. Permanent snow and ice 
cover decreases southward, due to change in elevation and climate.   

 

Figure 3 A) Map showing the locations of rainfall station discussed in this report. B) Average monthly mean, maximum, 
minimum temperature, and precipitation for the Mackenzie District 1991- 2020 (excludes Aoraki Mount Cook; Source 
Boffa Miskell, 2023a). C) Monthly mean and maximum daily rainfall by month at Aoraki/ Mount Cook village 

Drainage patterns show that waterways with their headwaters on the eastern side of Ben Ohau Range, except for 
the Twizel River and tributaries (Figure 2), drain into Lake Pūkaki. As do most of the streams on the eastern side 
of the lake, north of Tekapo B (Figure 3) with headwater below approximately 791 m elevation.  

East of the lake, Irishman Creek and Mary Burn flow southwards (Figure 2) and feed into the Tekapo River (which 
is located to the south of the lake) and outside of the area considered in this report. There is limited recent publicly 
available flow gauging data for waterways draining into the lake from the Ben Ohau Range or the hills to the east. 
However, many of the streams were flowing during the January 2025 site visit, suggesting that some may be 
permanently flowing.  

 
2 Environment Canterbury rainfall site 307001 Hooker at Aoraki/ Mount Cook Rainfall data | Environment Canterbury, 2024 total 
3 Pūkaki Aerodrome AWS, H40214, average 2009 to 2019.  
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Kerr (2009) reviewed and presented flow statistics for the Lake Pūkaki outflow, Hooker River and Jellie River in the 
upper catchment above the lake (Table 2). The data shows a relatively large number of flood flows per year, and 
an order of magnitude difference between the mean flow to the mean annual flood.   

Table 2 Flow statistics from Kerr (2009), rounded to whole numbers.   

Flow statistics  Unit  Lake Pūkaki Hooker River  Jollie Stream 

Mean annual 7-day low 
flow  

m3/s 18 4 3 

Mean flow m3/s 133 25 8 

Mean annual flood m3/s 1033 378 69 

Mean number of flood 
events per year  

 9 14 7 

3.3 Lake levels  
Meridians consented operating range for Lake Pūkaki is between 518 to 532.5 m RL. As discussed in Section 
1.1.2, there is a process to access water between a lake level of 513 to 518 m RL, dependant on permissions of 
other entities. Figure 4 shows the lake level from late July 2024 to July 2025, with the lake level in late July 2025 
being 527.41 m RL. During the site visit on 23 and 24 January 2025, the lake level was approximately 531 m RL. 
The consented operating range for Lake Pūkaki is 14.5 m, increasing to 19.5 m for this application. 

Due to the shape of the lakebed and low angle of the Tasman Delta (Figure 2), changes in lake level are most 
prominent at the northern end of the lake. For instance, publicly available aerial photographs show that at low lake 
levels, more of the Tasman Delta is exposed (as discussed in Section 5.3.2 of Tonkin and Taylor, 2025).   

 

Figure 4 Lake levels – Late July 2024 to July 2025. Source: Meridian website4 

3.4 Geology 
The geology of the study area is described in Cox et al., (2001), Fosyth (2001), URS (2003), Cooksey (2008), 
Barrell and Read (2013), and GHD (2023a), which is summarised here. A geological map of the study area is 
presented in Figure 5.   

3.4.1 Basement 
The Torlesse supergroup forms the basement rocks throughout the study area. Torlesse supergroup comprises 
greywacke and with low-grade schist present around Lake Ōhau and further south. The basement rock is 
generally hard and intact at depth but becomes increasingly weathered and fractured near the surface. The 
basement rock is effectively impermeable to groundwater flows. However, fractures may allow rainfall to infiltrate 
with the development of localised springs (Cooksey, 2008).  

 
4 Lake levels - renewable energy generation | Meridian Energy, accessed 22 July 2025 
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3.4.2 Tertiary 
The Kowai Formation (Cox et al., 2007), also known locally as the Glentanner Formation and Maniototo 
Conglomerate (Forsyth, 2001), is a weathered conglomerate derived from Torlesse supergroup rocks. The 
conglomerate is interbedded with very compact sands, silts and silty clays.  The Kowai Formation occurs on the up 
thrown side (west) of the Ostler Fault Zone (west of Ōmārama; discussed further in Section 3.4.4). Other Tertiary 
rock units are inferred based on geophysical studies and/or occurrence further to the east, but do not out crop near 
the lake. The low permeability layers within the Kowai Formation are considered to be a barrier to groundwater 
flow (Cooksey, 2008).   

 

Figure 5 Geological map from Cooksey (2008) 

3.4.3 Quaternary 
The Quaternary deposits are associated with four main glacial advances; Wolds, Balmoral, Mt John and Tekapo 
Formations, and recent post glacial gravels (Table 3). The advance and retreat of the glaciers has resulted in a 
complex geology. With the advance of a glacier scouring out the valley and then backfill with till during retreat.  
The spatially variable glacial sediments include moraine, till and outwash gravels.  In general, the older deposits 
(Wolds and Balmoral) are more compacted and have a higher fines content and are considered to be less 
permeable.  

Post glacial gravels occur predominantly within and around present-day river systems. The gravels comprise 
unweathered sandy gravel with lenses of well sorted gravels and sands. Higher silt content has been observed in 
the lower gravels, limiting downwards infiltration of shallow groundwater (Cooksey, 2008).   
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Table 3  Quaternary Glacial Deposits (summarised from Cooksey, 2008) 

Formation Description  

Wolds  Brown, moderate to highly weathered sandy gravel, voids filled with 
sandy clay. Thin interglacial unit overlying Wolds in Twizel area 

Older 

 

 

 

 

 

 

 

 

Younger 

Balmoral Till and outwash gravels, lake moraines. Outwash gravels –sandy 
gravels with voids filled with silt and clay. Rare layers/lenses of well 
sorted gravels. 

Mt John  Till – gravelly sandy silt 

Outwash gravels- fine to coarse gravel with some sand. Sand lenses. 
Silts and clays are common at the base of the openwork layers due to 
percolating groundwater.  

Tekapo Outwash gravels – unweathered sandy gravels with rare silt. Similar to 
Mt John gravels. 

3.4.4 Lakebed and margins  
The lake and surrounding area have been formed by glacial processes and tectonic uplift (Barrell and Read, 
2014). Near the southern edge of the lake, near the dam, there is a complex arrangement of sediments with sands 
and silts underlying the dam, with outwash gravels occurring to the south (Figure 6). The silt (CSS in Figure 6) can 
be seen in outcrop to the north of the dam and are assumed to be present along the southern margin of the lake.  

Due to the presence of glacial flour within the lake water and frequent flood events, the lakebed is covered in a 
layer of silt and clay (Irwin, 1972), acting as a hydraulic barrier between the lake and underlying groundwater 
system. It is likely that the lakebed sediment grain-size decrease southwards, down the lake.   

 

Figure 6 Schematic of the geology near the dam. From Barrell and Read (2014). TKmw, Tekapo meltwater terrace surface; TT, 
Tekapo Till; ICG, Ice Contact Gravel; CSS, Contorted Sediments Silt; FS, Fancy Sands; BG, Beach Gravel. 

3.4.5 Structures 
The Ostler Fault zone strikes north-northeast on the western side of the Mackenzie Basin and Lake Pūkaki (Jack, 
2023; and Appendix A). Movement on the fault has uplifted lower permeability Kowai Formation, which likely acts 
as a barrier to shallow groundwater flow, with ponding and springs observed on the up-thrown side (Cooksey, 
2008). Irishman Creek Fault strikes northeast-east on the eastern side of Lake Pūkaki, with movement on the fault 
throwing up Kowai Formation to the southeast (Appendix A). Bedrock highs within the basin, (e.g. Mary Range) 
likely provide an impermeable barrier to groundwater flow, with swampy areas common at the base of the ranges. 
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3.5 Wetlands  
High level wetland studies have been conducted by the Department of Conservation (DOC), Boffa Miskell (2020) 
and Tonkin and Taylor (2025). This information is summarised below. 

3.5.1 DOC desktop study 
Department of Conservation (DOC) undertook a desktop study to identify “possible” wetland type features, which 
is published on Canterbury Maps5.  It is understood that the information in the wetland layer has not been field 
verified (Figure 7). Figure 7 shows the location of “possible” wetlands around the lake, many of the wetlands are 
located at elevation above the current lake level.   

 

Figure 7 DOC wetland type features 

 
5 Wetland Areas (DOC) https://ecan.maps.arcgis.com/home/item.html?id=1c000e74de364770bf85f6a9f5517d68, accessed on 17 July 
2025.  
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3.5.2 Boffa Miskell – rapid assessment 
Boffa Miskell (2020) undertook a rapid assessment of accessible wetlands, near the margins of the lake. The 
assessment involved a desktop assessment to identify potential sites of interest, site investigations, analysis and 
reporting. The rapid assessment of accessible wetlands concentrated on publicly accessible wetlands near the 
margins of Lake Pūkaki. Boffa Miskell (2020) used the RMA (1991) and National Planning Standards wetland 
definition of ‘permanently or intermittently wet areas, shallow water, and land water margins that support a natural 
ecosystem of plants and animals that are adapted to wet conditions’ to inform the delineation of the wetlands.  

The site investigation occurred in early December 2019 and late January 2020. These investigations coincided 
with very high lake levels, due to a very large rainfall event in early December 2019 which raised the lake to the 
Maximum Control Level (i.e. 532.5 m RL). These conditions allowed a robust assessment of the connection 
between the wetlands and Lake Pūkaki. However, the Tasman River Delta was submerged during the site 
investigations and was not surveyed. Boffa Miskell (2020) identified 22 wetlands along the margins of Lake Pūkaki 
including the Tasman River Delta (Figure 8). A summary of the 21 surveyed wetlands in is provided in Table 4.  

Boffa Miskell (2020) was incorporated into Boffa Miskell (2023b), which was written to support the reconsenting of 
the WPS.   

Table 4 Wetland type summary from Boffa Miskell (2020) 

Totals number of wetlands by class 1 2 

Marsh = 17 

Shallow water = 8 

Swamp = 3 

Ephemeral = 2 

Seepage = 1 

1 Wetland class as per Johnston and Gerbeaux (2004). 

2 Wetlands can have more than one class or hydrological connection, hence why the totals add up to more than 21.  

3.5.3 Tonkin and Taylor  
Tonkin and Taylor (2025) assessed wetlands for this fast-track consent, using the information from Boffa Miskell 
(2020) and Boffa Miskell (2023b), and their observations from the site visit. Tonkin and Taylor (2025) largely 
agreed with the Boffa Miskell (2020) assessment; however, they amended some of the wetland value results.  

Totals number of wetlands by class 1 2 

Marsh = 17 

Shallow water = 8 

Swamp = 3 

Ephemeral = 2 

Seepage = 1 

1 Wetland class as per Johnston and Gerbeaux (2004). 

2 Wetlands can have more than one class or hydrological connection, hence why the totals add up to more than 21.  
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Figure 8 Wetlands identified as part of Boffa Miskell (2020) Rapid Assessment of Accessible Wetlands  
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3.6 Hydrogeology  
There is very limited historic groundwater information around Lake Pūkaki (groundwater levels, aquifer test results, 
groundwater quality data etc.), except for five piezometric surveys that cover or partially cover the area, discussed 
briefly later in Section 3.6.1 (SKM, 2004; two completed by Cooksey, 2008; GHD, 2009; URS, 2010).   

Cooksey (2008) suggested that the permeability of the formations decreased with depth (see Table 3), with the 
most permeable unit being the Post Glacial Alluvial Gravels located close to active rivers. The Tekapo formation is 
generally considered to be quite thin and generally similar in outcrop to the Mt John formation. The Mt John 
formation is considered to contain a semi-confined regionally significant aquifer.  

To the northwest side of the lake, due to the steep topography and geology in Ben Ohau Range, it is assumed that 
rainfall dominates the hydrological cycle. Groundwater most likely occurs within the recent boulder dominated 
sediments located near active river channels, as shown in Figure 11. Further south towards the upper Twizel 
catchment (Figure 2), groundwater is also likely to be found in the Tekapo and Mt John formations, recharged from 
both rainfall and losses from streams. On the eastern side of the lake rainfall recharge is likely to dominates as 
there are few streams or rivers.  

3.6.1 Groundwater flow direction  
Just south of the Pūkaki dam, URS (2010) undertook a piezometric survey of regional groundwater probably within 
the Mt John Outwash Gravels with a perched system within the recent post glacial gravels. The survey found that 
regional groundwater had levels approximately 40 to 50 m below ground level (near the lake), with a perched 
shallow groundwater system near the canal. Other piezometric survey contours are available, noting they have 
been created for a range of reasons using different methods. Generally, the groundwater flow direction follows 
topographic gradients, with groundwater generally flowing towards the south- southeast, as demonstrated in 
Cooksey (2008) September 2007 survey (Figure 9).  

 

Figure 9 Piezometric contours, from Cooksey (2008) 
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Mapping by Boffa Miskell (2020) identified several wetlands near or on the margin of the lake and it is assumed 
that many of these wetlands are groundwater fed (Figure 8). The location of many of these wetlands at the base of 
a slope, or where there is a change in slope, suggests a flow path similar to what is shown in Figure 10. The 
conceptualisation in Figure 10 indicates that rainfall and localised groundwater inflow are the dominant water 
sources, with evapotranspiration and some lateral groundwater flow from the wetland to the lake, being the 
dominant outflows.     

 

Figure 10 Schematic of Pūkaki 2 wetland groundwater flow path   

 

Figure 11 Photo taken near State Highway 80, looking up Twin Stream, just south of Glentanner. Greywacke (basement) form 
the valley sides, with the valley alluvium dominated by boulders and cobbles.  
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3.6.3 Groundwater conceptual model 
A stylised groundwater conceptual model for the lake and surrounding area is presented in Figure 13, based on 
information presented in Section 3. The groundwater conceptual model for the lake and surrounding area is:  

– Groundwater mostly occurs in the gravels associated with recent post glacial, till and outwash deposits.  

– The recent post glacial, tills and outwash are likely recharged from rainfall and/or stream losses.  

 Rainfall recharge likely dominants on the eastern side of the lake, where there are few streams/rivers.  

 Ben Ohau Range contains steep, relatively narrow and thin boulder dominated valley aquifers that are 
likely hydraulically connected to the streams. The streams are likely fed by a combination of rainfall and 
snow/ice.    

 Recharge to the aquifer in the Twizel River catchment (Figure 2) is likely a combination of rainfall and 
stream losses.  

– Groundwater flow generally follows topography.  

– Boffa Miskell (2020) mapping, aerial photographs and topography maps (Section 3.1), show wetlands and wet 
areas located above the lake levels. This observation supports the interpretation that groundwater is flowing 
downslope, towards the lake, and discharging to the surface in places, as shown in Figure 10.  

– The lakebed has a cover of silts and clays (Irwin, 1972), which inhibits the interaction between the lake and 
aquifers.  

– Near the dam, Barrell and Read (2014) identified a silt layer around the margins of the lake.  

– This layer, the presence of fine-grained lakebed sediments (Irwin, 1972), and the piezometric survey result 
from URS (2010) suggests that limited interaction between the groundwater system and lake.  

– The Tasman Delta is composed of recent river deposits, fed by a range of water sources, such as river and 
rainfall recharge.     
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Figure 13 Stylised groundwater conceptual model. Groundwater flow directions from Cooksey (2008) and inferred 
groundwater flow directions assumed from topography and drainage patterns.  Note the thickness of the silt layer at 
the base of the lake is unknown, depicted in the image to indicate its presence (Irwin, 1972)  
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4. Assessment methodology  

This section describes the methods used to determine potential and actual effects described in Section 5, 
specifically relating to if a lower of lake level could impact: 

– the groundwater levels in nearby bores (groundwater users)  

– the water level range or function of wetlands.   

4.1 Groundwater users  
The groundwater user assessment seeks to understand the hydraulic connection between privately owned active 
bores and the lake level, to evaluate if: 

– Lowering the lake level could potentially reduce the groundwater levels in nearby bores, and 

– If there is a hydraulic connection between the lake levels and bores, to estimate changes in groundwater 
levels in those bores.  

The first step in the groundwater user assessment was to identify the privately owned active bores near the lake 
edge. It is highly likely that if a hydraulic connection between lake levels and bores exists, changes in levels will be 
most obvious in bores closest to the lake edge. Therefore, the assessment concentrated on bores within 500 m of 
the lake edge but excludes bores that are or likely owned by Meridian (Figure 14).  

 

Figure 14 Privately owned active bores within 500 m of the lake indicated with orange dots  
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– 2 wetlands may be inundated by waves at high lake levels but not at lower lake levels, suggesting they are 
connected to the lake at times, but that they continue to function over a large range of water levels (for 
instance the current operating range of 532.5 to 518 m RL) 

– The Tasman Delta is directly connected to the lake and how much land is exposed depends on lake levels 
(Boffa Miskell, 2023b; Tonkin and Taylor, 2025). As the delta already experiences changes in lake level, the 
wetland hydrology to the Tasman Delta is not expected to change from Baseline conditions due to the 
proposed activity.  

From this analysis, it is concluded that 17 wetlands are occasionally inundated by the lake. With the exception of 
the Tasman Delta, these wetlands interact with lake at approximately 525 m RL and above. Given the large range 
of lake levels that occur now (518 to 532.5 m RL), it is considered unlikely that there will be a change to wetland 
hydrology if the lake operates between 518 and 513 mRL for limited periods of time over the next three years.  

5.3 Comparison to PC1 
Sections 2.1 and 2.2 describe the proposed activities for this application and what was considered as part of PC1. 
PC1 anticipated lake levels below 518 m RL for 4 to 7 months, with 7 months considered an extreme scenario. In 
comparison, this proposal anticipates lake levels under 518 m RL for approximately 39 days over three years, and 
a low probability worst case scenario of less than 4 months (Section 2.1). CPG (2012), who supported the PC1 
process on behalf of Meridian, found effects on groundwater users are unlikely (see Section 2.2). The analysis 
undertaken in Sections 5.1 of this report came to a similar conclusion, that groundwater users are unlikely to be 
impacted by this proposal. CPG (2012) did not explicitly consider impacts on wetlands because PC1 was before 
the release of the National Environmental Standard for Freshwater.     

5.4 Summary of Effects 
– This report concentrates on assessing the potential effects of the activity on existing groundwater users and 

wetlands and compares the anticipated effects of this proposal to what was considered in PC1.  The effects 
assessment concluded that:  

– Groundwater users will not be impacted, as the closest bores are screened above or below lake levels, or the 
bores are located further than 500 m from the lake edge.  

– Except for the Tasman Delta, many of the wetlands are occasionally inundated by the lake at higher lake 
levels but continue to function over a large range of water levels. The Baseline conditions for the environment 
already experiences a range of lake levels from 532.5 to 518 m RL.  

– The Tasman Delta is hydraulically connected to the lake but again, continues to function over a large range of 
water levels (Tonkin and Taylor, 2025).  

– This proposal anticipates that lake levels will on average be below 518 m RL for periods much less than the 4 
to 7 months considered during PC1. CPG (2012) concluded effects of PC1 on will be minimal on groundwater 
users. This report came to a similar conclusion for this proposal.  
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Appendix A  
Selected bore logs 
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Appendix B  
Bore level information
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Appendix C  
CVs 
  

 

 

 





Matt Dodson | Technical Lead - Hydrogeology  

 www.ghd.com

results and reporting; and supporting the final 
deliverable.  
 
Gear Island and Waterloo Well Condition 
Survey  
Wellington Water Limited | 2022-2023 
Project manager and Hydrogeologist 

Some of Wellington Water Limited wells in the Waterloo 
and Gear Island wellfields are approaching their end of 
design life. The aim of this project was to provide 
information to the client around the condition of their 
critical assets, so they could undertake a replacements 
strategy.  

Matt’s role was to project manage an extensive field 
programme collecting field data, analyse the data and 
provide a report, including recommendations to the 
client. The Waterloo wells are located on the side of the 
road in busy residential areas, meaning we had to 
prepare Traffic Management Plans, consult with 
neighbours including an intermediate school, and design 
the works programme to be efficient and minimize 
impacts on others. The work was well received by the 
client and allowed them to redirect capital funds to other 
more urgent projects. And Matt, with the client’s 
permission, presented a summary of the finding of this 
project to the New Zealand Hydrological Society 
conference in Auckland in 2023.    

Sanitary bore head survey  

Palmerston North City Council | 2022 – 2023 
Project manager and Hydrogeologist 

Palmerston North City Council engaged GHD to 
undertake a sanitary bore head survey of their wells, to 
understand if they meet Taumata Arowai Drinking Water 
Quality Assurance Rules.  

Matt’s role was to manage the project, analyse the data, 
present the work to the client in a workshop and in a 
written report. The project identified several issues 
around the clients’ wells, which were detailed in a format 
that allowed Palmerston North City Council to prioritise 
the improvement in terms of cost and complexity. The 
recommendations were accepted by the client, and they 
have incorporated them into their long-term work 
programme.    

Drinking Water Safety Plan preparation 

Whanganui District Council | 2022 
Project manager and Hydrogeologist 

Whanganui District Council engaged GHD to develop 
Water Safety Plans, including Source Water Risk 
Management Plans, for all their supplies, in line with the 
new Water Services Act 2021 and Taumata Arowai 
Drinking Water Quality Assurance Rules.  

Matt’s role was to liaise with the client and help prepare 
the Source Water Risk Management Plans. This 
involved reviewing existing information, sourcing 
information from councils, mapping potential hazards, 
undertaking risk assessments, undertaking a workshop 
with Whanganui District Council staff around the risk 

assessment and identification, and identifying 
improvements. The Drinking Water Safety Plans were 
completed on time, meaning that Whanganui District 
Council were able to meet Taumata Arowai regulatory 
timelines for submission.  

Mays Pumping Station:  Aquifer Test Analysis 
for New Supply bore (Well #6) 

Christchurch City Council | 2021 – 2022  
Hydrogeologist 

Christchurch City Council engaged GHD to supervise an 
aquifer test for this new well, analyse the data and then 
prepare a report for Environment Canterbury. The 
results of the project were used by the council to add the 
new well to their global groundwater take resource 
consent. GHD were also engaged by the client to design 
the pump for the well.  

Matt’s role was to work with the driller and the client to 
determine the safe yield of the well (based on the results 
of the step-drawdown and sand tests), supervise the 
constant aquifer test and analyse and report on the 
results. Matt also worked alongside the mechanical 
engineers to inform the design of the pump and related 
structures. As a result of the project the well has been 
included in the global groundwater take resource 
consent with limited delay and the well is now 
operational.  

Water bore supply review: desktop assessment 

Western Bay of Plenty District Council | 2021 – 2022  
Hydrogeologist 

GHD was engaged by the client to undertake a desktop 
assessment of wells within the Kaituna, Maketu and 
Pongakawa Water Management Area to provide 
information for council’s decision making.  Western Bay 
of Plenty District Council were exploring different 
avenues to meet demand, while meeting environmental 
limits set out by the Bay of Plenty Regional Council.  

Matt analysed well, groundwater consent and geological 
data within a Geographical Information System 
environment to identify potential water supply bores for 
council. Matt embedded practical considerations into the 
assessment methodology (distance from the network, 
depth to groundwater level, water temperature), along 
with regional rule considerations, to provide options for 
council to consider.   

Career history 

2023 - present GHD, Technical Lead  

2021 – 2024 GHD, senior Hydrogeologist 

2018 – 2021 Environment Canterbury, Science team 
Leader - Groundwater 

2014 – 2018 Environment Canterbury, Technical Lead  

2011 – 2014 Environment Canterbury, Hydrogeologist 

2009 - 2011 Hawke's Bay Regional Council, 
Groundwater Resource Analyst 

 






