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EXECUTIVE SUMMARY 

Greater Wellington Regional Council (GWRC) contracted GNS Science to prepare protection 
zones (PZs) for community water supply wells, listed in the Proposed Natural Resources Plan 
(PNRP) for the Wellington Region. The purpose of this report is to present mapped PZs to the 
supply wells to discuss how the zones can be used to protect against potential contaminants 
that may originate from the land in the supply area. The methods used in this report are detailed 
in Toews and Donath (2015). 

Capture zones (CZ) are the total source area on the ground surface where water may 
potentially travel from the land surface to a groundwater well. PZs are a subset within a CZ, 
and are limited based on a groundwater travel time criteria. For example, a 1-year PZ shows 
an area that may capture water for a pumped well between 0 and 1-year of travel time through 
an aquifer. Attached PZs are mapped zones that intersect the well location, whereas detached 
PZs are where the PZs are in a different place from the well. Detached PZs are common for 
deep wells, or wells within confined aquifers. 

Previously built and calibrated groundwater flow models were used to simulate groundwater 
flow in three areas: Hutt Valley, Kāpiti Coast, and the Wairarapa Valley. A sensitivity analysis 
was undertaken by producing a suite of numerical models with varied hydrological properties, 
and well pumping configurations. 

Particle tracking methods were used with each model to trace pathlines to delineate zones of 
groundwater capture from land to pumped wells. Particle flow was simulated forwards-flow 
from the water table to pumped wells, and reverse-flow from the pumped wells to the water 
table. Where feasible, PZs were mapped for at least 1-year, 2-year, 5-year groundwater travel 
times. These are time-based delineation methods, which can only be determined using 
numerical models. The only other zone mapped in this report is a full capture zone, which 
illustrates every possible reverse-flow pathway to a pumped well, regardless of depth and/or 
time. The results are presented in a series of maps, which show each PZ based on a time-
based threshold. Maps are grouped for each area to show the zones to the wells listed in the 
PNRP. 

There is a wide range of different shaped zones to pumped wells in each area, which is due to 
the nature of groundwater flow and aquifer type. The PZs in the Hutt Valley area are detached, 
as this aquifer is confined. The model adequately simulates most of the recharge for these 
wells from Hutt River, however it also shows a minor component of recharge from the urban 
land upgradient of the Waterloo wellfield. One-year PZs for Ōtaki wells and the Waikanae 
wellfield in the Kāpiti Coast area are absent, as groundwater flow to these deep bores has a 
low velocity, taking longer than 1 year to travel from the water table to pumped wells. In 
contrast, PZs to Hautere and Paekakariki wells are defined near the land surface. PZs in the 
Wairarapa Valley were simulated from three separate models, incorporating the Masterton, 
Carterton, Greytown, Featherston and Martinborough areas. 

The mapped 1-year PZs are recommended to be used to protect the groundwater to wells 
against microbial risks. Mapped PZs for the longest time (i.e., a max PZ) are recommended to 
be used to protect groundwater to wells against other chemicals that are more persistent or 
accumulate with distance and time, such as nitrates. For wells with a detached PZ, an 
immediate PZ with a minimum radius of 5 m around wellheads is recommended to further 
protect these wells against preferential flow pathways. 

A pre-hearing meeting was held by GWRC on 2 November 2017 to discuss the content of a 
draft version of this report for the purpose of providing feedback for the final report. Attending 
the meeting were: GNS Science, GWRC, District Councils, Regional Public Health, and water 
providers. 
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1.0 INTRODUCTION 

1.1 SCOPE 

Greater Wellington Regional Council (GWRC) requested GNS Science to delineate 
groundwater protection zones (PZs) of community water supply wells to safeguard against 
discharges to land in the Hutt Valley, Kāpiti Coast and Wairarapa Valley (Figure 1.1). These 
wells are listed in Schedule M2 of the Proposed Natural Resources Plan (PNRP) for the 
Wellington Region (WRC 2015). The purpose of this report is to present mapped PZs to the 
supply wells, and to discuss how the zones can be used to protect against microorganisms 
and other potential contaminants that may originate from the land in the supply area. 

 
Figure 1.1   Geographical setting and model domains located in the three areas (from Toews and Donath 2015). 

Results presented in this report use the same resources and follows the same methodology 
as detailed in Toews and Donath (2015), but additional time-based PZs are evaluated and 
presented in the results section. Otherwise, the methods used are the same. Calibrated 
groundwater models for the areas in Figure 1.1 were used to simulate groundwater flow, and 
particle tracking methods were used to trace pathlines of groundwater flow from the water table 
(i.e., below the land surface) to pumped groundwater wells. A sensitivity analysis was 
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undertaken by modifying selected parameters of each numerical model to generate different 
groundwater flow pathlines. Polygonal zones were delineated around the pathlines based on 
their depth and travel times to produce groundwater PZs, which are the primary outputs of this 
report. A range of different travel times were considered for each PZ, including 1-year, 2-year, 
5-year and (where possible) longer time thresholds. 

The methodology described in Toews and Donath (2015) and in this report, are based on a 
series of assumptions detailed in following sections. This includes that the previously-built 
groundwater models incorporate geological conceptual models of hydrostratigraphy that were 
available at the time when each model was developed. The only alteration to the numerical 
models was to adjust the pumping rates of the community supply wells to their consented rates, 
so they adequately represent hydrogeologic conditions when the aquifer is stressed by 
groundwater abstraction through these wells. 

A pre-hearing meeting was held by GWRC on 2 November 2017 to discuss the content of a 
draft version of this report for the purpose of providing feedback for the final report. Attending 
the meeting were: GNS Science, GWRC, District Councils, Regional Public Health, and water 
providers. Feedback on the draft report from the pre-hearing participants and explanation of 
how the feedback was responded to and incorporated in this final report version is provided in 
Appendix 2. 

1.2 GROUNDWATER CAPTURE AND PROTECTION ZONES 

This section provides definition of concepts and terms used throughout this report to a broad 
audience. Additional definitions and descriptions follow in Appendix A, as well as in Toews and 
Donath (2015). PZ and capture zone (CZ) guidelines for New Zealand are described in Moreau 
et al. (2014a). 

In New Zealand, groundwater generally originates from two sources: rainfall or streams. Water 
from these sources percolates down through soil to reach a water table, which is the upper 
surface of an aquifer. This hydrologic process is called either groundwater recharge, deep 
percolation or sometimes drainage. An aquifer is a saturated layer of permeable geologic 
material, such as sand or gravel, where water flows though pore spaces towards a discharge 
area or location, such as a pumped well, stream, lake, or the ocean. It may take hours to 
millennia for water to flow from land surface to discharge outlet, and this travel time depends 
on many, often complex, hydrogeologic processes. 

A groundwater CZ is the total source area on the ground surface where water may potentially 
travel from the land surface to a groundwater well or hydrological feature, such as a spring. A 
groundwater protection zone (PZ) is a subset of a CZ with a similar definition, except that the 
travel time of groundwater from the area to the pumped well is constrained by a time threshold. 
For example, a 1-year PZ defines the area that water takes up to 1-year to travel from the 
water table to the groundwater well. A 2-year PZ will generally extend over a larger area, since 
groundwater from longer distances will take more time to flow to the pumped well. This report 
presents PZs defined by several travel time criteria. 

PZs are generally mapped using computer based, numerical, groundwater flow models that 
simulate groundwater flow. Particles are simulated in the groundwater models to trace where 
groundwater flows, and areas are mapped around the pathlines of these particles. The 
particles can be traced forward or backwards in time, between the top of the water table and 
the pumped well(s). Since groundwater flow is not directly observable, there is uncertainty 
associated with the models that predict groundwater flow. Therefore, an uncertainty analysis 
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was used in this study to modify the model parameters, which generates a suite of possible 
flow pathlines to the pumped wells. The PZs shown in this report are an aggregate of all 
simulated pathlines and represents the uncertainty (Sousa et al. 2013). 

Groundwater models for each area were designed to simulate transient conditions between 
5 and 19 years of duration (depending on the model), which means they can simulate 
groundwater pathlines and delineate PZs up to this duration of time. Additionally, each model 
simulates 3D groundwater flow through multiple layers of aquifers and aquitards. Illustrations 
of protection zones, as viewed in map and cross-section views, are shown in Figure 1.1. The 
simplest case of a shallow well in an unconfined aquifer that is inside the PZ as mapped at the 
ground surface, i.e., the pumped well is "attached" to the PZ (Figure 1.2a). However, deeper 
wells may be located outside the PZ as mapped at the ground surface PZ, i.e., the pumped 
well is "detached" from the PZ (Figure 1.2b). 

 
Figure 1.2  Illustration of (a) attached and (b) detached protection zones, as viewed from map and cross-section 
 views. 

CZs and PZs cannot be observed directly and therefore must be estimated by using 
groundwater modelling techniques. For ease of reading, this report uses the term CZ instead 
of ‘modelled CZ’ and PZ rather than ‘modelled PZ’. Similarly, there are sections of this report 
that make statements about groundwater flow directions or pathways, or locations or styles of 
groundwater-surface water interaction, rather than ‘modelled groundwater flow directions’, etc. 
It is however important to bear in mind that the outputs of this report are model-based and 
therefore should be taken as estimates based on best practice modelling rather than the 
absolute reality. Section 2.0 and subsequent sections of this report explain the approaches, 
assumptions and limitations associated with the use of groundwater models for delineation of 
CZs and PZs.   
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2.0 GROUNDWATER MODELS 

2.1 OVERVIEW 

Numerical groundwater models were obtained from GWRC for each of the areas, shown in 
Table 2.1 and Figure 1.1. The following sections provide only a brief summary of each model 
that was used in this study. More detailed account is provided in Toews and Donath (2015), 
and in technical reports for each model (Table 2.1). The sections also list the Schedule M2 
wells from the PNRP (WRC 2015) that are within each area. 

Hutt Valley and Kāpiti Coast models were built in MODFLOW-2000 (Harbaugh et al. 2000), a 
well-used groundwater simulator developed by the U.S. Geological Survey (USGS). Pathlines 
were simulated on these models with MODPATH (Pollock 1994), also developed by the USGS. 
The MODFLOW models were built using Groundwater Vistas and Visual MODFLOW software 
packages. 

The Wairarapa Valley models were build using FEFLOW software (Diersch 2002), which 
includes a graphical user interface, groundwater simulator, and a random-walk particle tracking 
processor. There are three separate FEFLOW models for different areas (lower, middle and 
upper valleys) along the Ruamahanga River, as shown in Figure 1.1. 

Table 2.1  Numerical groundwater models, reference, code and number of layers. 

Area, model Reference to technical report Code Number of layers 

Hutt Valley Gyopari 2014 MODFLOW-2000 8 

Kāpiti Coast Mzila et al. 2014 MODFLOW-2000 7 

Wairarapa Valley 

UV Gyopari and McAlister 2010a FEFLOW 4 

MV Gyopari and McAlister 2010b FEFLOW 9 

LV Gyopari and McAlister 2010c FEFLOW 17 

All groundwater models were built to simulate several hydrological processes, including rainfall 
recharge, groundwater–surface water exchanges through rivers and drains, and pumping from 
groundwater wells. These time-varying processes are implemented as transient boundary 
conditions. The start and end dates for each model are shown in Table 2.2. The models were 
calibrated on time-varying observation data, including groundwater levels from observation 
bores. It is important to note the duration of each model, as this is the upper time limit in which 
a PZ can be assessed by each transient model. 

Table 2.2  Numerical groundwater model start and end dates, and simulation duration. 

Area, model Start End of last step Duration [years] 

Hutt Valley 1-Jul-2007 30-Jun-2012 5.00 

Kāpiti Coast 1-Jul-1992 30-Jun-2011 19.00 

Wairarapa Valley 

LV 1-Jul-1992 1-Oct-2008 16.25 

MV 1-Jul-1992 1-May-2007 14.83 

UV 1-Jul-1992 1-Oct-2008 16.25 
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2.2 HUTT VALLEY MODEL 

The Hutt Aquifer Model version 3 (HAM3) represents groundwater flow in Petone and Lower 
Hutt, and extends beneath the Wellington Harbour. The primary aquifer represented by this 
model is the Waiwhetu Aquifer, which is confined underneath peat and marine deposits. PZs 
ones were evaluated for bores listed in Table 2.3, which includes the Waterloo and Gear Island 
wellfields. Note that the PNRP (WRC 2015) incorrectly lists wells for Gear Island and 
Bloomfield Terrace, which have been corrected in Table 2.3. These changes are anticipated 
to be corrected in future versions of the plan. 

Table 2.3  Hutt Valley wells. 

Location WRC Well number Description 

Petone R27/7354 Buick Street public bore 

Gear Island BQ32/0033 Gear 3 

Gear Island BQ32/0034 Gear 2 

Gear Island BQ32/0035 Gear 1 

Waterloo R27/4064 Colin Grove 

Waterloo R27/0001 Hautana Street 

Waterloo R27/4063 Bloomfield Terrace 

Waterloo R27/1179 Penrose 7 

Waterloo R27/4057 Penrose 4 

Waterloo R27/1180 Willoughby 8 

Waterloo R27/4058 Willoughby 5 

Waterloo R27/1181 Mahoe 6 

2.3 KĀPITI COAST MODEL 

The Kāpiti Coast model extends from Paekakariki to north of Ōtaki, and has a length of 38 km 
along the coast. The model represents several aquifers with highly variable hydraulic 
properties, which have a wide range of groundwater flow velocities. The model was revised in 
2014 (Mzila et al. 2014) to include additional abstraction from wellfields in Ōtaki and Waikanae. 
Zones were evaluated for wells listed in Table 2.4, except for R26/6666 (Rangihiroa), which 
was not identified and implemented in the original or modified model suite. To implement this 
bore to the same level of quality as the other bores would require running, modifying and re-
running 32 flow/pathline simulations for the area. As this well is currently not in use, and is an 
emergency supply well for the Waikanae wellfield, GWRC requested this additional work not 
be undertaken as part of this project. 
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Table 2.4  Kāpiti Coast wells. 

Location WRC Well number Description 
Ōtaki R25/5228 Rangiuru Road Bore 

Ōtaki R25/5235 Tasman Road Bore 

Hautere S25/5379 next to Ōtaki River 

Hautere S25/5443 next to Ōtaki River 

Waikanae R26/6291 K4 – Cooper 1 

Waikanae R26/6293 K5 – Ngā Manu 

Waikanae R26/6299 K12 

Waikanae R26/6307 Kb4 – Landfill 

Waikanae R26/6311 KB7 

Waikanae R26/6559 Otaihanga Bore PW1 

Waikanae R26/6664 Otaihanga Bore PW5 

Waikanae R26/6666 Rangihiroa – not implemented 

Waikanae R26/6804 K10 – Market Garden 

Waikanae R26/6839 K6 – Wooden Bridge 

Waikanae R26/7255 N2 

Paekakariki R26/7158 adjacent to water treatment plant 

2.4 WAIRARAPA VALLEY MODELS 

Three groundwater models that cover the Wairarapa Valley: Upper Valley, Middle Valley and 
Lower Valley (Gyopari and McAlister 2010a, 2010b, 2010c), Figure 1.1. These models share 
many similarities, including a geological conceptual model by Begg et al. (2005), and numerical 
modelling software with FEFLOW (Diersch 2002). Their common boundaries follow along 
major streams flowing from the Tararua Range, which are conceptually interpreted as 
groundwater flow divides. Zones were evaluated for wells listed in Table 2.5. 

Table 2.5  Wairarapa Valley wells. 

Model Location WRC Well number 
UV Opaki T26/0259 
UV Masterton T26/0243 
UV Masterton T26/0549 
UV Wainuioru T26/0492 
UV Wainuioru T26/0493 
MV Carterton S26/0705 
MV Carterton S26/0824 
MV Carterton S26/0919 
MV Greytown S26/0880 
MV Greytown and Featherston BP33/0008 
MV Greytown and Featherston BP33/0009 
MV Greytown and Featherston BP33/0022 
LV Martinborough S27/0396 
LV Martinborough S27/0404 
LV Martinborough S27/0695 
LV Martinborough S27/0910 
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3.0 METHODS 

3.1 SENSITIVITY ANALYSIS 

Groundwater flow models provide an idealised representation of reality, but it is not possible 
to build a model that accurately reflects the entire complexity of a hydrologic system. This is 
largely due to the complexity of representing the hydraulic properties and dimensions of 
aquifers, based on sparse datasets of lithology, groundwater levels and other data used to 
help build and calibrate groundwater models. For instance, by modifying the vertical hydraulic 
conductivity of the upper layer of a model may modify how quickly groundwater recharge may 
flow towards a pumped well. Or adjusting conductance terms for groundwater-surface water 
exchange may alter the pathline trajectory of a particle trace between a losing stream reach 
location and a pumped well. Groundwater models have potentially thousands of hydraulic 
parameters, each with an associated uncertainty. 

To address uncertainty in this project, a suite of groundwater flow and particle tracking models 
were prepared in Toews and Donath (2015). Each model variant simulates slightly different 
groundwater flow possibilities, and expands the range, size and timing of possible flow 
pathways between land surface and a pumped well. The suite of sensitivity simulations were 
constructed by identifying sensitive hydraulic parameters which alter the flow predictions the 
most, and these hydraulic parameters were adjusted by +25% and −25%. This simple 
sensitivity analysis technique is recommended by the capture zone delineation guidelines 
(Moreau et al. 2014b). Additionally, scenarios of different configuration of abstraction from 
different combinations of wellfields was considered in Toews and Donath (2015), as this may 
also alter groundwater flow and pathline trajectories. 

3.2 PARTICLE TRACKING 

All zones were defined using particle tracking methods, which are supported in groundwater 
flow models. Particles can be placed on the water table, and simulated forwards in time to their 
destination, which can be any outlet of the model such as the ocean, stream or a pumped well. 
Forward tracking methods were only used for MODFLOW and MODPATH models developed 
for Hutt Valley and Kāpiti Coast areas. Particles can also be placed within the aquifer, near a 
pumped well screen, and simulated in reverse-time until it reaches the source recharge 
location, such as from rainfall on land or a losing stream. Reverse particle tracking methods 
were used for all models. The Wairarapa Valley FEFLOW models include an additional ability 
to allow a random-walk method to consider dispersion and diffusion. 

With the reverse-flow method, the trace of each particle is recorded as a 4-D linear geometry, 
with dimensions x, y, z, and time. The x and y components were used to provide an area for a 
map, and the z elevation component was evaluated to determine how deep the particle was 
with respect to the water table. Time is used to evaluate different time thresholds for each PZ 
evaluation, with time zero at the well. Polygons were developed by combining traces of usually 
thousands of particles to each pumped well. 

The zones presented in this report for the Hutt Valley and Kāpiti areas use a combination of 
polygons developed with forwards- and backwards-flow techniques. The zones for the 
Wairarapa Valley use reverse-flow particles that have a random-walk method. Toews and 
Donath (2015) provides further details of the particle tracking methods. 
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3.3 TIME-BASED DELINEATION METHOD 

Pathogens, such as bacteria and viruses, are removed from groundwater as it flows through 
soil and aquifer materials. This pathogen removal process can be mathematically described 
using a decay rate based on a travel distance, as observed in soil cores (Pang et al. 2008; 
Pang 2009; Moore et al. 2010). Pathogen removal may also be described in terms of 
groundwater travel time, which is related to groundwater velocity (i.e., faster moving 
groundwater is equivalent to longer distances). Delineation of PZs can be based on distance 
between a pumped well and potential contaminants, and/or groundwater travel time between 
the source and well. 

All PZs in this report are primarily defined on travel times (1-year, 2-year, etc.), not distance. 
Capture zone delineation guidelines prepared by Moreau et al. (2014a) define a PZ based on 
travel time. There are a few advantages of time-based delineation methods for PZs compared 
to distance-based methods: 

• Time-based PZs can account for the complexities of groundwater flow in the subsurface, 
since a particle travelling from land surface to a well may flow through different materials 
and at different velocities. A distance-based measure is better suited for instances of one 
material or aquifer characterisation. 

• Time-based PZs can be implemented into management mitigation strategies more 
directly. For instance, if contamination on land occurs within a 5-year PZ, but outside a 
2-year PZ, then sufficient responses to mitigate potential effects from the contamination 
to the well can be put in place within the required timeframe. 

A disadvantage of time-based PZs, compared to distance-based methods, is that a numerical 
model is required to evaluate groundwater velocities used for particle tracking. Numerical 
models require expertise and investment to construct, calibrate and review. Results in this 
report are based on previously-built numerical groundwater flow models provided to GNS 
Science by GWRC. 

The travel times presented in this report are conservative in two ways: 

• Spatial processing methods used to generate PZ and CZ polygons from pathlines 
expand the size of spatial objects, similar to a GIS buffer operation, which generally 
ensures there is at least 50 m distance to surface capture pathlines, except in cases with 
a deep screen, as shown in Figure 1.2b. This spatial processing allows for additional 
distance-based protection. 

• Groundwater percolates from the land surface to the water table through the vadose 
zone (Figure 1.2). The travel time through the vadose zone is not considered by the 
methods in this report, which only consider travel time from the water table. By omitting 
travel time through the vadose zone, many pathogens may have degraded by the time 
they reach the water table. 

It is advisable to create conservative PZs, since it reduces the chance that unrecognised flow 
pathways will short circuit groundwater flow from the surface to a groundwater well. The 
groundwater models simulate bulk movement of groundwater flow, and not finer-scale flow 
processes through preferential flow pathways. Preferential flow pathways often contribute to 
groundwater contamination incidents, such as Walkerton and Havelock North water 
contamination incidents. 
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Where feasible, several time-based PZs results are presented in this report to show the extents 
of the zones at (e.g.,) 1-, 2-year, or 5-years of groundwater travel. The travel times for each 
zone extend away from the pumped well, as they represent the fastest and broadest travel 
times of pathlines flowing to a pumped well. To interpret the maps, consider a 1 year PZ (e.g., 
Figure 1.2). Within this PZ, groundwater may take between zero and 1 year to flow to the 
pumped well(s) from the water table surface; groundwater will take more than 1 year to reach 
the pumped well(s) from outside this PZ. 

Some contaminants and chemicals do not decay (or decay slowly) with time and/or distance.  
For instance, dissolved nitrate from septic tanks can travel through aquifers without decay 
(from denitrification) and flow to a supply well. To inform protection of a well from non-decaying 
contaminants, the highest time threshold or max PZ is best suited, as it considers the longest 
travel time possibility. 

3.4 ASSUMPTIONS 

Many data sources are required to build and calibrate numerical groundwater models. Model 
assumptions are required where data are missing. Details of model assumptions are provided 
in Toews and Donath (2015), and pumping well assumptions repeated here for convenience: 

• Groundwater well location and screen depths were obtained from the GWRC database. 
The assumptions in place of missing data were: 

o Missing well construction data: well depth assumed either 10 m below ground 
surface, or within the upper-most groundwater model layer. The screen interval is 
assumed to be at the bottom 3 m of the well (between 7 m and 10 m depth interval) 

o Maximum daily consented pumping volumes were used to simulate pumped wells 
if time-series of groundwater abstraction rates were not available. 
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4.0 RESULTS 

4.1 OVERVIEW 

Results of PZ and full CZ delineation are presented in this section as a series of figures of 
mapped zones, grouped by location. The PZs are shown for the pumped wells from Schedule 
M2 of the PNRP (WRC 2015), at different PZ time thresholds. The max PZ indicates the PZ 
with the maximum time threshold, and has the greatest extent. Results from each location 
show a diverse range of mapped zones, each with different widths, lengths and shapes. The 
zones were mapped with hundreds of thousands of simulated groundwater flow pathlines, thus 
representing a wide range of model uncertainties and pumping configurations. 

Each figure generally shows at least one mapped PZ, which is often the combined result of a 
group of wells (i.e., a wellfield), or wells with similar recharge source areas. Individual zones 
to each well are not shown in this report, as they may overlap. Behind the PZ, a lighter-shaded 
full CZ is drawn to show where all simulated flow pathlines flow to the pumped well. These 
pathlines are either too deep to be captured by the pumped well, or represent particle travel 
times longer than the PZ threshold. And finally, the base layer for each figure is a greyscale 
Topo50 map from Land Information New Zealand. The mapped zones shown in the figures, or 
used by GIS, are intended to be used at map scales between 1:25,000 to 1:75,000. 

4.2 HUTT VALLEY 

Zones for the Hutt Valley area are shown in Figure 4.1, which includes Waterloo and Gear 
Island wellfields (these bores are listed in Table 2.3). The main recharge source area for the 
Waiwhetu Aquifer and the pumped wells in Table 2.3 is from the Hutt River. This important 
source area is simulated by the groundwater model, on the northeast side of the groundwater 
domain in Figure 4.1, located between Manor Park and Taita. 

All PZs in the Hutt Valley area are detached from the pumped well's location, due to the 
confined nature of the Waiwhetu Aquifer. For instance, the PZs to the Waterloo wellfield start 
about 0.5 km from the wells. It should be noted that this aquifer may not perfectly confined 
from the urban land above, as the model simulates a small amount of recharge and downwards 
exchange of groundwater flows from the upper unconfined aquifer. The full CZ extends into 
Wellington Harbour, and represents groundwater flow in the deeper confined aquifer. 
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Figure 4.1  Hutt Valley with 1-year, 2-year, and (max) 5-year PZs. 
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4.3 KĀPITI COAST 

Groundwater flow to the Ōtaki bores is relatively slow, taking more than 1-year for groundwater 
to travel from the water table to reach the well screens. Therefore, PZs in Figure 4.2 are only 
shown for longer time thresholds. The 2-year PZs are detached, and have a small area 
compared to PZs with greater time thresholds. 

  

  
Figure 4.2  Ōtaki with 2-year, 5-year, 10-year, and (max) 19-year PZs. 

Zones for Hautere in Figure 4.3 are relatively small and close to Ōtaki River. Zones for other 
time thresholds were generated, however the location of the zone does not change 
substantially between 1-year and 19-year, as the recharge source is primarily from the nearby 
river. 
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Figure 4.3  Hautere with 1-year, and (max) 19-year PZs. 

Zones for Waikanae and Paraparaumu are shown in Figure 4.4, which includes the Waikanae 
wellfield. All the Waikanae wells are screened within a relatively deep aquifer that has slow-
moving groundwater, thus they do not form PZs, with the exception of two small detached 
19-year PZs associated with WRC well numbers R26/6307 and R26/7255. One-year PZs are 
not presented for these wells, as the groundwater flow for this time threshold is deep and does 
not intercept the water table surface. 

GWRC well R26/6666, an emergency supply bore on Rangihiroa Street, was not included in 
this study, as it was not implemented in the Kapiti Coast groundwater model. Zones for this 
bore cannot be established without re-running the suite of groundwater flow and pathline 
simulations. However, it is possible that this pumped well may not form a 1-year PZ, since this 
is the case of nearby pumped wells shown in Figure 4.4. This can only be verified by adding 
this pumped well to at least one simulation to evaluate groundwater flows. 
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Figure 4.4  Waikanae and Paraparaumu with the 19-year PZs and full CZs. 

PZs for Paekakariki demonstrate that the well draws water from an unconfined aquifer (Figure 
4.5). The 19-year PZ is equivalent to the full CZ. All PZs intersect with a segment of State 
Highway 1, at the northern end of Transmission Gully.  
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Figure 4.5  Paekakariki, showing 1-year, 2-year, 5-year, and (max) 19-year PZs. 
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4.4 WAIRARAPA VALLEY 

Zones for Masterton (including Opaki and Wainuioru water scheme) are shown in Figure 4.6.  
All of these zones are detached from the well’s location, except for Opaki water supply well 
T26/0259. 

  

  
Figure 4.6  Masterton with 1-year, 2-year, 5-year, and (max) 16-year PZs. 

Zones for Carterton are shown in Figure 4.7. All PZs in this area are attached, and the size of 
each PZ extends upgradient (northwards) with each time threshold increment.  
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Figure 4.7  Carterton with 1-year, 2-year, 5-year, and (max) 15-year PZs. 

Zones for Greytown and Featherston are shown in Figure 4.8. The 1-year PZ is more 
discontinuous than other zones, as a few shallow pathlines have been traced near the land 
surface.  
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Figure 4.8 Greytown and Featherston with 1-year, 2-year, 5-year, and (max) 15-year PZs.  Featherston is 

located 8 km southwest of the BP33 wells. 

Zones for Martinborough are shown in Figure 4.9, which is also displayed with a geological 
map. While not explicitly displayed, all PZs and the full CZ are stacked on top of each other, 
as the groundwater velocities are relatively fast and shallow. The shape of this zone is 
dependent on the edge of the model domain, which is on the eastern side of the zones. This 
boundary was defined along the edge of the valley floor and the bedrock. This bedrock (with 
the exception of thin gravel units near the symbol mQa) is excluded from the groundwater 
model domain as it has significantly less yield and groundwater flow compared to the aquifers 
along the Ruamahanga River. 
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Figure 4.9 Martinborough with the 1-year PZ. The map on the right shows geology (i.e., the 1:250 k QMAP, 
 Lee and Begg, 2002) and a hillshade rendition from a digital elevation model. 
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5.0 DISCUSSION 

5.1 SHAPE AND SOURCE OF ZONES 

Methods used in this report and in Toews and Donath (2015) focus the possible extent of PZs 
by considering capture of groundwater flow to pumped wells. Other delineation techniques, 
such as arbitrary fixed radius methods, may define PZs that are too large, covering down- and 
up-gradient areas that do not flow toward the pumped well. 

Normally, shapes of PZs are elongated upgradient, along the groundwater flow direction 
towards a recharge source area, which is from rainfall, surface water, or a combination of the 
two sources. Zones that capture from the land surface are recharged from rainfall as water 
percolates downwards through soil layers. These zones are under primary consideration in 
this report. Examples of PZs sourced primarily from land and rainfall recharge include Ōtaki 
wells (Figure 4.2), Paekakariki well (Figure 4.5), and Masterton area wells (Figure 4.6). 

Zones may also intersect surface water boundaries, as they may draw water from streams and 
rivers. Examples of PZs sourced primarily from streams and rivers include Hutt Valley wells 
(Figure 4.1) and Hautere wells (Figure 4.3). Generally, surface water-sourced PZs will require 
additional consideration from surface water capture zones, as pathogens sourced many 
kilometres upstream may subsequently impact these groundwater PZs. 

Groundwater in PZs may be sourced from a combination of land rainfall recharge and surface 
water recharge include Carterton wells (Figure 4.7), Greytown and Featherston (Figure 4.8). 
The proportion of the two sources can be quantified using geochemistry or modelling work. 

5.2 COMPLIANCE WITH DRINKING WATER STANDARDS 

The drinking water standards for New Zealand (Ministry of Health, 2008, section 4.5) provide 
criteria for bore water security, mandating that the groundwater must have a lack of surface or 
climate influences. This criterion can be met if groundwater residence times in the aquifer are 
longer than one year, which must be determined using results from a laboratory analysis (e.g., 
water samples for analysis of tritium). Moreau et al. (2014a) define a microbial PZ to safeguard 
against potentially harmful microorganisms using a 1-year PZ. 

Delineations of PZs may help illustrate this time-based criterion. Ideally, groundwater travel 
times to a well screen will be greater than one year, and a 1-year PZ would be absent. This is 
the case for Ōtaki wells and Waikanae wells (Figure 4.2 and Figure 4.4, respectively). All other 
wells shown in this report have mapped 1-year PZs, indicating that they may draw water from 
the water table at these zones with a travel time of less than one year. However, this does not 
suggest that these wells are non-compliant to the drinking water standards, as laboratory 
analyses from many of these wells demonstrate that their groundwater residence times are 
greater than 1 year. Rather, this is because the methods of the analysis in this report are 
perhaps overconservative, and may simulate a wide range of possible groundwater flow 
pathways. 

5.3 COMPLIANCE WITH NATIONAL ENVIRONMENTAL STANDARD 

National Environmental Standard (NES) for sources of human drinking water (Ministry of 
Environment, 2007) is legislation to help water providers preserve the quality of drinking water 
upstream from an abstraction point. 
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The upstream area from an abstraction point is delineated by the PZs and CZs in this report. 
To protect against contaminants that may accumulate or that do not decay, the max PZs can 
be used. 

5.4 USE OF MAPPED PZS 

The 1-year PZs, where available, may help protect the well from discharges to land, which may 
contain microorganisms. PZs with longer time scales can be used to safeguard against 
pathogens or contaminants that may have longer filtration or decay times, such as nutrients.  
To protect against contaminants that do not decay or filtrate through aquifers, the PZs with the 
longest time threshold are recommended to be used for protection. To simulate longer 
groundwater travel times, for areas like the Waikanae wellfield, groundwater models would 
need to be modified to allow longer simulation periods. 

The choice of travel time depends on the desired level of protection, the contaminant type, 
and/or the hydrogeological conditions. 

5.5 LIMITATIONS 

Groundwater flow and particle simulations used for zones are restricted by the model spatial 
extent and simulation time, which ranges between 5 and 19 years (Table 2.2). While this 
duration of simulation time is sufficient at delineating zones for many locations, it is too short 
to show the full CZ for parts of the Kapiti Coast area. 

The numerical groundwater models used for this report were provided by GWRC and used 
largely “as is”, with modifications detailed in Toews and Donath (2015). The models were not 
calibrated as groundwater transport models, but modifications to effective porosity and storage 
parameters have been included as part of the sensitivity analyses (Toews and Donath 2015). 
Preferential flow pathways through aquifers are not explicitly modelled, but are considered 
through the sensitivity analysis (for example, by increasing vertical hydraulic conductivity of 
the uppermost layer to consider aquifer penetrations from other bores). 

Because the groundwater models were not calibrated as transport models, the travel times of 
particle pathlines may not be accurate; however, their flow pathways should remain the same. 
Potential inaccuracies of travel times could shift the boundary of the PZs within each full CZ 
and/or the total length of the full CZ (where pathlines are limited by the simulation time). 
However, model calibration will not alter the general location of sources areas because flow 
pathways are not dependent on effective porosity and storage parameters. 

Delineating CZ and PZs using particle pathlines requires many assumptions, often based on 
arbitrary selections, as there are no best practices for their application. This includes the 
particle arrangements on the water table for forward tracking, and/or the particle arrangements 
around the well screen for reverse tracking. Only a limited number of particle release times 
were assessed. To evaluate capture from the water table, a depth near the water table 
threshold was used (Toews and Donath 2015), and was determined for each model based on 
best guesses. Lastly, to consistently render polygon zones around pathlines, a Gaussian 
technique was developed to process the mapped zones shown in the results. The intent of the 
technique was to avoid manual drafting of zones, but is not based on a rigid statistical method. 
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The analysis does not explicitly consider any preferential flow pathways that may exist near 
the wellhead. This is because the analysis considers complex groundwater flow pathlines from 
the water table to pumped wells and therefore represents groundwater travel times from the 
water table to the screen of a pumped well. 

This analysis only considers groundwater travel-times within the aquifer. Topics that are         
out-of-scope in this project include: 

• the condition of the groundwater wells, such as the well casing from the surface, 

• any treatment of water after it enters the well screen, 

• travel time and or additional removal of pathogens through the vadose zone (from the 
ground surface to water table). 
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6.0 RECOMMENDATIONS 

The 1-year PZs, where mapped, can be used to protect the wells listed in Schedule M2 of the 
PNRP from discharges to land that may contain microorganisms. The recommendation is 
supported by Regional Public Health, Masterton District Council and South Wairarapa District 
council (Appendix 2). 

To protect the quality of water in supply wells against contaminants that do not decay or filtrate 
through aquifers, the max PZs with the longest time threshold are recommended to be used.  
To simulate longer groundwater travel times, for areas like the Waikanae wellfield, 
groundwater models would need to be modified to allow longer simulation periods. 

Detached PZs may require an additional arbitrary fixed radius around the wellhead to allow 
additional protection against preferential flow pathways. A minimum radius of 5 m around the 
wellhead is recommended as an immediate PZ. The size and extent of these immediate PZs 
should be determined by the water suppliers in consultation with the surrounding community 
and stakeholders. Some guidance to establish an immediate PZ is provided by Moreau et al. 
2014b, section 3.2.1). 

Result maps show a "full CZ", which represents all possible flow pathways to the well at any 
time and depth. These full CZs do not need to be considered for policy to discharges to land, 
as they may represent deep groundwater flow to some wells (e.g., Figure 1.2). 

Hydrogeological conceptual models and numerical models are often updated to include new 
information and pumping wells. These changes can impact the locations of the zones shown 
in this report. If there are significant updates to conceptual and numerical models for the areas 
considered in this report, it is recommended that the zones should be re-evaluated using 
similar techniques to this report and in Toews and Donath (2015). 

7.0 CONCLUSIONS 

GNS Science was requested by GWRC to prepare and map groundwater protection zones for 
community water supply wells, listed in the PNRP for the Wellington Region. The methods 
used in this report are detailed in previous work (Toews and Donath, 2015). 

A capture zone (CZ) represents the total source area on the land which may capture and flow 
to a groundwater well, and a protection zone (PZ) is a subset within a CZ, limited by 
groundwater travel time criteria. Because CZs and PZs cannot be observed directly, 
groundwater flow models were used to help approximate groundwater flow directions to the 
pumped wells. 

Particle tracking techniques were used to define the shape and extents of each zone, which 
are characterised by a complexity of hydrological factors that influence flow directions. The 
extents of the zones are regarded to be conservative, as the methods use a sensitivity analysis 
to evaluate flow paths with a suite of model parameterisations and (in some cases) pumping 
scenarios. 

The groundwater flow models for each area were provided by GWRC and used largely "as is", 
with modifications detailed in Toews and Donath (2015). While these models were not 
calibrated as groundwater transport models, effective porosity and storage parameters were 
included as part of the sensitivity analysis. The methods are limited by the spatial extent and 
simulation time for each model, as well as a limited number of particle release times. Other 
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limitations are that the methods do not directly simulate preferential flow pathways, but these 
limitations are partially considered through the sensitivity analysis. 

Results for the Hutt Valley area show detached PZs, which extend the width of the valley 
between 0.5 km north of the Waterloo wellfield to Taita. While most of the groundwater 
recharge in the PZ is sourced from the Hutt River, some recharge to the PZs is from urban 
land, as the Waiwhetu Aquifer is not perfectly confined. The full CZ extends into Wellington 
Harbour, which represents deep groundwater flow through the confined aquifer. 

Results for the Kāpiti Coast area are variable. One-year PZs are absent for Ōtaki, Waikanae 
and Paraparaumu wells, which are relatively deeper wells within slower flowing groundwater. 
The Ōtaki wells show higher-time PZs that extend around the community of Ōtaki. Hautere 
wells have attached PZs, as they are primarily recharged from the nearby Ōtaki River. The 
Paekakariki well also has attached PZs, as the well draws water from an unconfined aquifer. 
Furthermore, these PZs intersect with a segment of State Highway 1. 

Results for the Wairarapa area were obtained from three separate models, and all areas have 
1-year PZs. Longer time-threshold PZs generally extend upgradient from each well, covering 
rural land. 

The 1-year PZs (also called a microbial protection zones) can be used to safeguard the wells 
from microorganisms. PZs for longer time-thresholds can be used to help safeguard the wells 
from other potential contaminants that are more persistent or accumulate with distance and 
time. These max PZs are intended to help preserve the quality of groundwater flowing to wells, 
and to comply with the National Environmental Standard. Zones that show the full CZ do not 
need to be considered to safeguard against discharges to land, as these may represent deep 
groundwater flow within an aquifer. 

This final report incorporates feedback from a pre-hearing meeting on 2 November 2017, that 
discussed the findings of this report. 
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APPENDIX 1: FREQUENTLY ASKED QUESTIONS 

What is a groundwater protection zone? 

A groundwater protection zone (PZ) is a mapped area that shows where water may potentially 
originate on the land surface and flow to a groundwater bore within a specified time. For 
example, water that originates on land will take between 0 and 1 years to reach the bore within 
a 1-year PZ, but it will take longer than 1 year outside of the 1-year PZ. These zones can be 
used to help protect the quality and security of groundwater in the aquifer around groundwater 
bores. Another term used to describe this is zone is a wellhead protection area or WHPA. 

What is the difference between a capture zone and a protection zone? Other zone terms? 

A capture zone (CZ) delineates an area on the land where water may flow to a well, regardless 
of how long it may take. Whereas a protection zone (PZ) is a subset of a CZ, and is limited on 
groundwater travel times to the well. An attached PZ is a zone that intersects with the well, 
often from a shallow screen in an unconfined aquifer. Conversely, a detached PZ is a zone 
that is disjoint (in a different mapped location) to the well, often from a deep screen in a 
confined aquifer. A microbial PZ is one that safeguards against pathogens that may survive 
within an aquifer for up to 1-year, and is equivalent to a 1-year PZ. A deep CZ or deep PZ (a 
term used in Toews and Donath, 2015) is only able to capture groundwater at a depth within 
the aquifer (for example a geotechnical bore), and are terms avoided elsewhere in this report. 
And lastly, a full CZ is the outline trace of every possible pathline combination that flows 
towards a well, and is used in this report to illustrate the maximum extent of the zones, 
particularly detached PZs. 

Will the whole area in a CZ or PZ flow into a pumped well? 

No, only part of the zone will eventually flow through the aquifer. 

Can groundwater models simulate preferential flow pathways? 

Not specifically, although this aspect is partially addressed by aggregating multiple flow 
pathline results from the sensitivity simulations. Preferential flow pathways can be simulated 
with high resolution grids (e.g., 1 m) that represent stochastic ensembles of aquifer materials, 
which is computationally demanding and was not undertaken with these models. 

How is this report similar or different than GNS Science Report 2016/06 by Toews and Donath 
(2015)? 

The previous investigation provides a technical basis for this report. The same methods and 
numerical models are used for both reports. The 2015 report presents several detailed capture 
and protection zones (based on 1-year travel time), both shallow and deep. Results from these 
numerical models, including sensitivity analysis simulations were used for this current report. 
This current report also shares the same assumptions and processing techniques used to 
produce the previous zones. 

There are several key differences in this report, such as a reduction of technical information 
and methods, and emphasis on providing simpler information and maps to a broader audience. 
The pathlines were re-evaluated at additional travel-time thresholds (2-year, 5-year, etc.) to 
show PZs for different groundwater travel times. 

Specific changes from Toews and Donath (2015) are listed here: 
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• Table 11 

o Bloomfield: corrected from R27/1177 to R27/4063 

o Buick Street: corrected from R27/1138 to R27/7354 

o Penrose wells: 4 and 7 were correct, but WRC well numbers were swapped 

o Willoughby wells: 5 and 8 were correct, but WRC well numbers were swapped 

o Gear Island wells: 1 and 3 were correct, but WRC well numbers were swapped 

• Table 12 

o PW5: corrected from R26/6666 to R26/6664 

• Table 13 
o "BP33/0006 or BP33/0022" simplified to just BP33/0022 
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APPENDIX 2: REPLY TO FEEDBACK ON DRAFT REPORT 

Written feedback was provided to GNS Science following provision of a draft version of this 
report to GWRC and a pre-hearing meeting on 2 November 2017 where the draft report was 
discussed. This Appendix contains the feedback on the draft report from the pre-hearing 
participants and explanation of how the feedback was responded to and incorporated in this 
final report version. 

Submitted by David Hopman, Assets & Operations Manager, Masterton District Council 

1. Support a 1 year CZ for activities with microbiological risk (e.g., pit latrine, biosolids). 

2. Support longer period CZ for activities with chemical risk (e.g., wastewater, refuse 
dumps). 

3. Matters for discretion regarding the restricted discretionary status of discharges to 
include: 

a. Mitigating effects of aquifer dilution and risks of preferential flow paths. 

b. Impact of soil depth/properties on water entering the aquifer. 

Response: 

The support for 1-year PZ is acknowledged in the discussion section. The discussion of 
National Environmental Standards (NES) to consider longer time-threshold PZs are now 
introduced and expanded. Effects of aquifer dilution cannot be adequately treated with the 
methods, as it would require a mass-conservative transport model to evaluate the reverse-flow 
capture to a well. This is currently only possible for the Wairarapa FEFLOW models. More 
discussion of preferential flow paths has been added to the report. 

Submitted by Lawrence Stephenson, Assets & Operations Manager, South Wairarapa District 
Council 

I support David’s comments: 

Also it is worth noting the limitations of the modelling: 

1. 5 m below surface with no evaluation of the surface interactions. 

2. Modelling is just surface and river influences, there may be other (aquifer penetrations) 
that are not modelled 

Response: 

This support is also acknowledged in the discussion section. The limitations section already 
mentions a "depth near the water table threshold", which was used to estimate the depth below 
the water table surface that would capture groundwater flow paths. However, the comment 
"evaluation of the surface interactions" is not clear. The report now mentions in the limitations 
and FAQ sections how preferential flow pathways (including from aquifer penetrations) are not 
explicitly considered by the models. 

Submitted by Campbell Gillam, Health Protection Officer, Regional Public Health 

Regional Public Health believes that the delineation of Protection zones based on travel times 
of a year or more is appropriate and sufficient to control microbiological risk with appropriate 
die off and attenuation of bacteria. Regional Public Health is unsure however of how 



 Confidential 2017 

 

GNS Science Consultancy Report 2017/190 31 
 

extensively the modelling addresses other drinking water determinants in particular nitrates 
but also heavy metals. Contaminants such as Nitrates may accumulate over many years and 
as the Protection Zones are designed around implementing the National Environmental 
Standard it may be that these contaminants may not be fully factored into the model for 
protection zones. 

Response: 

Discussion of the relevance of the National Environmental Standards (NES) were previously 
not mentioned. As the NES are relevant to long travel-time PZs, this discussion has now been 
included in the report. 

Submitted by Geoff Williams, Senior Engineer, Service Planning, Wellington Water 

1. Can the purpose of the report be stated clearly? e.g., what are we protecting the aquifer 
from? The executive summary mentions that the PZ’s are mapped to protect well water 
against discharges to land, and there is reference to pathogens in section 3.3. Can we 
be explicit about when travel times are helpful and highlight where there are weaknesses 
or uncertainties and in the process cover off contamination from bacteria, protozoa, 
viruses, chemicals? 

2. There appears to be an implicit assumption that time-based delineation is preferable to 
other methods of setting protection zones, but there is not adequate discussion of when 
other methods may be more suitable. 

3. For discharges to land we believe the protection zone for the Hutt aquifer system should 
extend across the entire Hutt Valley. This is because: 

c. Abstraction for public supply dominates groundwater flow in the Waiwhetu aquifer 
and this in turn affects PZ delineation. There are many reasons why Wellington 
Water may need to move the location of abstraction points in the future which 
would significantly change the PZ boundary. If/when this happens a plan change 
would be needed and it may be difficult to change existing consented activities. 

d. There are significant uncertainties regarding the extent, thickness and physical 
properties of the Petone Marine Bed aquitard which could affect travel times. 

e. There are numerous bores and structures penetrating the aquitard throughout the 
Hutt Valley which create potential contamination flow paths where downward 
vertical hydraulic gradients are present. 

f. The Hutt aquifer system is a critical resource, and during summer provides up to 
70% of the public supply to four cities (Wellington, Hutt, Upper Hutt and Porirua). 

g. A precautionary approach is recommended when setting the PZ that reflects the 
criticality of the resource and the geological/hydrogeological uncertainties implicit 
in establishment and use of a groundwater model for the purpose of protecting the 
resource. 

Response: 

1. A clear purpose is now part of the executive summary and in first paragraph of the scope 
section. Additional content was added to section 3.3 to describe pathogens that decay 
with time/distance, and contaminants that do not decay (or decay slowly). 

2. Guidance of delineation methods are provided by Moreau et al. (2014a, 2014b), and the 
agreed delineation methodology is discussed in section 3.1 of Toews and Donath (2015). 
While there are several delineation methods available, numerical groundwater models 
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generally provide the most realistic representation of water flow from land to well. For 
detached PZs, we are recommending an additional immediate PZ with a minimum 
distance of 5 m from the wellhead. The extent of the additional immediate PZ should be 
determined by the water supplier in consultation with the surrounding community and 
stakeholders. Some guidance to establishing an immediate PZ is provided in section 
3.2.1 in Moreau et al. (2014b). Additionally, the numerical model used to determine the 
flow paths for the PZs should ultimately be reviewed on a regular basis, as 
recommended, to ensure it encapsulates the current understanding of an aquifer's 
stratigraphy, encompass new calibration data, and simulate realistic pumping rates and 
configurations. 

3. Methods used in this and the previous report (Toews and Donath 2015) are intended to 
find the most realistic balance of protection and avoiding excessively sized zones that 
do not contribute to a wells' capture. As was mentioned in (2), we encourage Wellington 
Water to discuss the extent of an immediate PZ with the community and stakeholders. 
These can be discussed on a case-by-case basis, if needed. Points (b) and (c) relate to 
new information that was not extensively considered by the HAM3 model, but partially 
simulated through sensitivity simulations. New numerical groundwater models that 
combine updated geologic understanding should be built to re-evaluate groundwater flow 
paths to the supply wells, and can also be used for scenarios to determine locations for 
new supply wells. 

Submitted by Greg. Boyle, Project Manager, Carterton District Council (CDC) 

The groundwater model assumes a single aquifer. There is actually two aquifers, there is about 
a 3-4 metre difference in head between the aquifers at Lincoln Road. Two of the CDC bores 
are in the shallower aquifer, 2 in the deeper. The capture zone modelling is based on all the 
CDC bores pumping from a single aquifer. 

The accuracy of the SPZ’s depends a lot on the accuracy of the piezometric (head) data. Again, 
the groundwater model piezometric data actually uses data from bores screened in both 
aquifers (mainly the shallower aquifer). The inclusion of a couple of water levels from deeper 
bores skews the shape of the capture zone. The travel times are affected by the piezometric 
gradient. I suspect the gradient for the deeper aquifer is a lot less than that for the shallower 
aquifer. 

NB: Greg acknowledges that he is a not a groundwater modeller, but offers these comments 
from his direct experience with the CDC water bores as a groundwater scientist over the years. 

Response: 

The FEFLOW models simulate a groundwater system, which consists multiple aquifers and 
aquitards throughout the Wairarapa valley. The models shows there are multiple aquifers near 
the Carterton water supply wells, as shown in an oblique cross section in Figure A 2.1. 
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Figure A 2.1  Oblique cross section view of FEFLOW model near Carterton, viewing northwards. The colours 
 represent horizontal hydraulic conductivity, which shows layers of materials with values less than 
 1 m/day, and represents an aquiclude between upper and lower aquifers. 

To see if the groundwater model is adequately simulating separate water levels at different 
depths (i.e., in each aquifer), water levels from the calibrated model were extracted from 200 m 
northwest of the wellfield (observations at the pumping wells are too-much influenced by 
pumping). The shallow pumped wells (S26/0824 and S26/0919) are on slice 4, and the deep 
pumped well (S26/0705) is on slice 8 (S26/0918 is also pumping on slice 8, but is not part of 
Schedule M2). Figure A 2.2 shows simulated water levels from these observation locations 
near the pumped wells, which reflects the 3-4 metre difference in the heads at any given time 
of the simulation period.  

 
Figure A 2.2  Simulated water levels in the shallow aquifer (slice 4) and deeper aquifer (slice 8) at location 
 200 m northwest of the pumped wells. 

Additional verification of the model's performance in evaluating groundwater level observations 
is out of scope in this study, but could be inspected more closely if required. We think this 
groundwater model adequately represents regional groundwater flow for the area, and that a 
sensitivity analysis broadens the size of capture zones within a reasonable size to consider 
uncertainties from the previous modelling efforts. 
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