
A Study on Salinity Intrusion: Case of the
Waiwhetu Aquifer, Wellington, New Zealand

Dr Gregory Shahane De Costa
Andrew Jones

Dr Gregory De Costa is a Research Fellow in Engineering at The Open
Polytechnic of New Zealand.

Andrew Jones is the Groundwater Scientist for the Wellington Regional
Council.



ii   © The Open Polytechnic of New Zealand Working Papers (2-02)

The Open Polytechnic Working Papers are a series of peer-reviewed academic and professional
papers published in order to stimulate discussion and comment. Many Papers are works in
progress and feedback is therefore welcomed.

This work may be cited as: De Costa, G S and Jones, A, A Study on Salinity Intrusion: Case of the
Waiwhetu Aquifer, Wellington, New Zealand, The Open Polytechnic of New Zealand, Working
Paper, July 2002.

Further copies of this paper may be obtained from

The Co-ordinator, Working Papers Advisory Panel
The Open Polytechnic of New Zealand
Private Bag 31 914
Lower Hutt
Email:  WorkingPapers@openpolytechnic.ac.nz

This paper is also available on The Open Polytechnic of New Zealand website:
http://www.openpolytechnic.ac.nz/

Printed and published by The Open Polytechnic of New Zealand, Lower Hutt.

Copyright © 2002 The Open Polytechnic of New Zealand.

All rights reserved. No part of this work may be reproduced in any form by any
means without the written permission of the CE of The Open Polytechnic.

ISSN — 1174 – 4103

ISBN — 0 – 909009 – 49 – X

Working Paper No:   2-02

Manuscript submitted for publication in March 2002.

A list of Working Papers previously published by The Open Polytechnic is included
with this document.



Working Papers (2-02) © The Open Polytechnic of New Zealand iii

Abstract

The Waiwhetu aquifer is the main source for the greater Wellington water
supply system. It is being abstracted to 80–90 per cent of its through flow, with
only 10–20 per cent flowing into Wellington Harbour.

It has been identified as susceptible to salinity intrusion. In this study, four
locations have been investigated to assess the status of the aquifer with respect
to salinity intrusion. It has been found that even though at present there is no
appreciable salinity intrusion that would compromise use of the aquifer water,
the sampling locations of Seaview and Petone both demonstrate characteristics
of it, Seaview being greater affected. It has been found that the water quality at
the Seaview location could cross the threshold from fresh water to saline water
by the year 2025.

There is also the possibility that salinity intrusion is occurring in and around
Seaview via submarine springs or through thinning of the aquifer cap in that
area.

In addition, the study indicates that either another incident similar to that at
Seaview is occurring at Petone; or a single event or multitude of events affecting
Seaview are, to a lesser extent, affecting Petone because of its proximity to
Seaview.
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A  Study on Salinity Intrusion: Case of the
Waiwhetu Aquifer, Wellington, New Zealand

Introduction

Many major cities in the world including Wellington are situated on the coast
and lie in close proximity to aquifers, which provide a source of potable water.
Nevertheless, these sources could be rendered unpotable if there is as little as
2 per cent seawater in the fresh water (Todd, 1980). Any minor changes in the
hydro-geological environment could pose a threat to these potable water
sources and thereby to these major cities, which also tend to be growing.
Wellington, the capital of New Zealand since 1865 (with 41.17S latitude and
174.46 longitude), standing partly upon reclaimed land (Wards, 1976), is no
exception.

The Wellington region is tectonically active. It is located beside the sea. With a
population of over 700,000, greater Wellington extracts 40 per cent of its water
requirements from ground water sources. This poses a serious threat to the
hydrogeological environment, as it makes it susceptible to salinity intrusion.
The risk of salinity intrusion is further increased by the estimated levels of
abstraction of the aquifer throughflow being 80–90 per cent.

Future control of saline intrusion necessitates knowledge of the hydraulic
conditions within the aquifer. Lack of awareness of salt-affected waters, where
conditions permit their formation, and of the necessary management measures
to ensure their exclusion are two of the main reasons that such water supply
sources may become unusable.

Therefore, this study attempts to make an assessment of the behaviour of the
main water supply source of Wellington, the Waiwhetu aquifer.
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Study location

Wellington’s major water supply source, the Waiwhetu aquifer, is located
beneath the Hutt Valley. It extends well into Wellington Harbour and has been
investigated for this study. Figure 1 indicates the location of the Waiwhetu
aquifer as well as the gauging points.

Fig. 1  Location of the Waiwhetu aquifer

˝
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Fig. 2  Schematic 3D representation of Waiwhetu aquifer

Source: Wellington Regional Council. What is this? (Poster). Wellington: Wellington Regional Council,
2002.

The geology of the lower Hutt Valley consists of a thick sedimentary basin,
which resulted from an accumulation of alluvial and marine sediments
underlaid and bounded by basement rock (Phreatos, 2001). The strata
incorporate a number of aquifers, but the Waiwhetu artesian aquifer dominates
owing to its greater capacity. A schematic 3D representation of it is presented in
Fig. 2.

The topography and geology of the aquifer at and around the Taita Gorge
enable water that flows down the Hutt River to flow underground. Once it
reaches the Melling area, the water becomes naturally pressurised owing to its
flow path and the layers of hard clay. This confined zone extends right up to the
mouth of Wellington Harbour, from the western edge by the Wellington fault
zone to the eastern edge, and is estimated to vary in thickness from 70 m to
20 m. It discharges to the harbour at several locations by means of springs
where the capped area thins (WRC Report, 2002). It has been found that the
water takes about 18 months to pass through this aquifer, that is, from Taita
Gorge to the exit point in Wellington Harbour. Figure 3 presents a schematic
scalar illustration of the aquifer. The Waiwhetu aquifer is made up of a gravel
fluvial system and is largely heterogeneous. It possesses preferential pathways.
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Fig. 3  Scalar illustration of aquifer

WRC Report, 2002.
http://www.wrc.govt.nz/ws/areas.htm

The mean annual rainfall in the Hutt River catchment area is approximately
1400 mm with an average of 135 wet days per year (rainfall of over 1 mm /day).
It must be noted here that the main recharge to the aquifer system is through
the Hutt River and direct rainfall recharge is insignificant. The mean daily
temperature of the area is 11.2°C. The mean values have been obtained taking
into consideration a 25-year period. Four locations have been selected for the
analysis including three along the water front. They include Seaview, McEwans
Park and Petone. One location is in the harbour, namely Matiu/Somes Island.
Their locations are as indicated in Figs 1 and 2.
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Theoretical background

Increasing salinity is one of the most common and significant forms of
groundwater pollution. It is caused by factors such as

• seawater intrusion

• up-coning of ancient connate seawater

• in situ mineralisation and related chemical changes within the aquifer

• increasing salt concentrations with reducing water volume

• accumulation of minerals within the soil subsequently leaching to the
aquifer due to climatic factors and/or certain agricultural practices.

The most widespread and major cause of salinity is sea water intrusion
following relative changes in the ground water/sea water gradient. Such
changes are caused mainly by

• abstraction

• seasonal changes in ground water flow

• tidal and seismic effects (Cooper, 1964).

As water bodies of different salinity come into contact, molecular diffusion
takes place across the line of contact. The mixing effect of diffusion is
exacerbated when ground water and sea water are in motion. Therefore, the
manifestation of salinity intrusion on the water body could, in some cases, be
said to be time-dependent (Dominguez, 2001). A general guide to the depth of
the saline wedge is given by

Hs  =  40 Hf

where Hs is the depth to the saline wedge below mean sea level (MSL) and

 Hf is the height of the potentiometric surface above MSL.

This is derived from the Ghyben-Herzberg equation

Hs = Hf x {Rf/(Rs-Rf)}

where Rf and Rs refer to the densities of fresh water and saline water
respectively and the specific gravity of sea water as 1.025 (British G.S 1999).
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A measure of salinity is given by the total dissolved solid (TDS) content. If the
TDS content is less than 1000 mg/l the water is considered to be fresh, while
1000–3000 mg/l is slightly saline, 3000–10,000 mg/l is moderately saline, and
any measure over that is very saline (Hem, 1970). Another commonly used
measure of salinity is conductivity. A desirable level of conductivity for
drinking water is 250 microseimens per cm, while 250–750 microseimens per cm
is considered medium and 750–2250 microseimens per cm is considered high.
The sodium (Na) and chloride (Cl) content (Ettema, 1999) and the Mg/Ca ratio
may be used to indicate sources of salinity. Nevertheless, as water may undergo
chemical modification within the aquifer and thereby alteration of its original
chemistry, care must be taken in interpreting the latter parameters. In addition,
in an aquifer system such as the Waiwhetu, which consists of a heterogeneous
gravel fluvial system and preferential pathways, there could be variability from
location to location. Therefore additional care should be taken in the
interpretation of findings of monitoring sites.
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Aquifer characteristics

Long-term variations
The variation in conductivity, total dissolved solids, alkalinity, chloride,
sodium, calcium and magnesium content, and hardness from June 1993 to
September 2001 for Matiu/Somes Island, Petone and Seaview is shown in
Figs 4, 5, 6, 7, 8, 9, 10 and 11. The McEvans Park data is presented under the
heading ‘Short-term variations’.
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Fig. 4  Conductivity (June 93–Sept. 01)
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Fig. 11  Hardness (June 93–Sept. 01)

The graphs show that for conductivity, total dissolved solids, magnesium and
hardness, values at Seaview are the highest, while Matiu/Somes Island ranks
next and Petone comes last, with a range almost double the smaller value.
Matiu/Somes Island and Seaview exert similar characteristics for alkalinity and
Na content, while Petone ranks much lower for these two characteristics. For Ca
content, Matiu/Somes Island and Petone possess similar characteristics, while
Seaview possesses much larger values. The chloride content in all three cases is
similar, although Seaview is marginally higher in chloride content than Matiu/
Somes Island and Petone.

In summary, the situation at Seaview is significant. Seaview exhibits
characteristics that are much more varied than those of the other two locations,
implying that the aquifer may not be behaving in a uniform manner. Seaview
exhibits distinct characteristics for both conductivity and TDS, which are
indicators, among others, of salinity intrusion.

Characteristics at Seaview
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It can be seen from Fig. 12 that not only is the conductivity at Seaview higher
than at the other two locations, but it is also continuously increasing over the
study period. Here it must be noted that there is an increase of only 20
microseimens per cm over the 12-year period. However, this is nearly 10 per
cent of the total range (that is, the desirable level for drinking water is less than
250 microseimens per cm) and therefore is a significant increase. Hardness in
Fig. 13, TDS in Fig. 14, Na and Cl content in Fig. 15, and Ca and Mg content in
Fig. 16 also indicate rising trends. Therefore, it can be said that even though the
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values are low, there is a possibility that seawater intrusion is gradually
occurring in an around Seaview. A reason for the low values may be that the
point of salinity intrusion/saline wedge in the area is lower than the point at
which the samples have been taken for analysis. Table 1 indicates the gradient
(slope with time) as well as the coefficient of correlation with time for the data
of Seaview.

Table 1: Variation at Seaview

Average values Slope% (Gradient) Coefficient of correlation

Conductivity 195.61 0.75 0.94

Total dissolved solids 122.73 0.54 0.83

Alkalinity 58.62 0.17 0.50

Cl 17.42 0.09 0.85

Na 17.62 0.05 0.75

Ca 10.14 0.08 0.69

Mg 5.92 0.02 0.85

Hardness 49.81 0.34 0.77

It can be seen that there is a very high correlation with time for all these factors.
In the case of conductivity it is as high as 0.94. The slope too, being positive and
high for conductivity, indicates that there is a continuous rise in all these
factors. Using the regression results from Table 1, the forecast for Seaview is
summarised as follows.
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Table 2:  Forecast for Seaview

Present values 1 / 1/ 2010 1 / 1/ 2025

Conductivity 202 229.57 270.55

TDS 130 147.34 176.95

Alkalinity 56 66.46 76.08

Cl 19 21.62 26.80

Na 18 20.01 22.83

Ca 11 13.94 18.57

Mg 6.52 7.12 8.60

Hardness 55 65.42 84.29

Table 2 predicts that by the year 2025, conductivity for fresh water will cross the
threshold into the medium saline range. Even though TDS has not crossed any
threshold, it too has increased.

Characteristics at Matiu/Somes Island
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It can be seen from Figs 17 and 18 that there is no significant variation in
conductivity and TDS at Matiu/Somes Island. Neither do other parameters
vary. Therefore, it can be seen that while the same factors at Seaview are on the
rise, at Matiu/Somes Island they exhibit different characteristics in being
generally stable. It must be noted here that a critical piezometric pressure of
1.4 m at McEvans Park was maintained until recently, when it was raised to
2.0 m in order to prevent seawater intrusion, for example, from Matiu/Somes
Island springs (WRC Report, June 2000). In addition, the Matiu/Somes Island
bore being at the end raises questions about its representativeness, owing to the
heterogeneity of the natural system .

Table 3: Variation at Matiu/Somes Island

Average values Slope% (Gradient) Coefficient of Correlation

Conductivity 160.03 0.24 0.17

Total dissolved solids 102.06 0.16 0.17

Alkalinity 53.74 0.19 0.66

Cl 15.77  –0.03 –0.11

Na 18.09  5.3E-03 0.03

Ca 4.64 0.05 0.51

Mg 4.57 0.01 0.56

Hardness 30.94 0.21 0.57

All correlations at Matiu/Somes Island are low, as indicated in Table 3. The
slope shows no significant variation taking place at this point.
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Characteristics at Petone (IBM)
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Fig. 19 indicates that the long-term variation in conductivity is small at Petone.
However, there is an apparent gradient, indicating a gradual increase in
conductivity. The same characteristic may be observed in Figs 20 and 21 as well.
Other parameters exhibit similar characteristics. The statistical values presented
in Tables 4 and 5 indicate this tendency to increase.
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Table 4: Variation at Petone (IBM)

Average values Slope% (Gradient) Coefficient of correlation

Conductivity 119 0.72 0.39

Total dissolved solids 79.53 0.61 0.43

Alkalinity 31.51 0.12 0.23

Cl 14.62  0.07 0.27

Na 14.52 0.21 0.48

Ca 4.09 0.01 0.09

Mg 2.31 –0.01 –0.41

Hardness 19.91 –0.02 –0.12

It can be seen that the correlation is stronger at Matiu/Somes Island but weaker
at Seaview. The noteworthy point here is the higher slope percentage for
conductivity and TDS shown in Table 5. The behaviour at Petone correlates
more with Seaview than with Matiu/Somes Island.

Table 5: Forecast for Petone (IBM)

Present values 1 / 1/ 2010 1 / 1/ 2025

Conductivity 116 150 188

TDS 76 106 138

Alkalinity 27 37.81 46

Cl 15 17.63 21

Na 14 23 33

Ca 4.42 4.61 5.31

Mg 2.41 1.82 1.22

Hardness 21 18.71 17
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It can be seen from the forecast that for the year 2025 conductivity will still be
within the desirable level for fresh water. However, this is largely due to the
current low level of salinity and does not detract from the significance of the
rapid increase in the conductivity (from 116 to 188). It is clear that Petone is
behaving in a very similar manner to Seaview but with a lower intensity.

Salinity intrusion is probably happening by means of infiltration of external
agents in and around the Seaview area. This may be attributed to

• permeability

• a fault created by thinning of the aquifer cap in and around Seaview or

• active submarine springs in and around Seaview facilitating an influx of
saline water to the aquifer.

As similar characteristics are observed at Petone as well, either conditions
similar to those at Seaview, but with lower intensity, are occurring at Petone or
a single event or multitude of events are occurring affecting Seaview that yield
effects of lower intensity to Petone, owing to proximity of location.

Short-term variations
In order to investigate the extent of short-term variation, typical hourly data for
McEvans Park have been selected and analysed for the period November 2001
to March 2002. They are presented in Figs 22, 23, 24, 25 and 26.
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There is an indication of marginal drop during hours 10 to 15. This variation
might indicate tidal effects on the aquifer. However, random variation about
the mean or inaccuracies of measurement may be bringing in such deviations.
In addition, as tidal effects generally change continuously over time, a
correlation with tidal height is suggested in order to make any definitive
conclusion.
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Management of the problem

When salinity levels reach or exceed the defined threshold of 1000 mg/l, the
water is unsuitable for drinking. The method of control nevertheless varies
depending upon the extent of the problem, geology, water use, alternative
water availability and economics. Basically, the way to manage such problems
is to create barriers or to manage the aquifer through the control of a
piezometric head. Some common barriers that could be created are

• recharge mounds

• abstraction troughs

• physical barriers.

Recharge mounds or injection wells maintain a pressure ridge in the vicinity of
the affected area and thereby reduce salinity intrusion. Abstraction troughs or
the creation of a line of wells close to the coast, which enable the flow in both
directions during abstraction, also assist in the reduction of salinity intrusion.
Physical barriers could be created by the use of materials such as sheet pilling,
puddle clay, cement grout or bentonite. Physical barriers should be used only if
the scale of the problem is small, because of the high cost involved. With respect
to aquifer management practices, numerous methods could be adopted, such as

• redistribution and relocation of pumping wells

• pumping from multiple well systems with small and uniform pumping
rates

• creation of infiltration galleries

• extraction from areas in the aquifer that pose the least salinity intrusion
threat.

It must be noted here that over the past years, in order to avoid salinity
intrusion, the aquifer management approach has been adopted and a critical
ground water level at McEvans Park, initially of 1.4 m then raised to 2.0 m, has
been maintained. In addition, the abstraction wells, at first located at Hutt Park,
have been relocated at Waterloo.
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Summary and conclusions

It is concluded that the threat to the Waiwhetu aquifer at present is low.
However, by 2025 the aquifer beneath Seaview could pass the threshold for
fresh water and enter the medium saline range, and the aquifer beneath Petone
may follow suit. The aquifer beneath Matiu/Somes Island is relatively stable.
There are indications that salinity intrusion is occurring in and around Seaview
either via submarine springs or through thinning of the aquifer cap in that area.
In addition, there are indications that either another incident similar to that at
Seaview is occurring at Petone or a single event or multitude of events are
occurring affecting Seaview that yield effects of lower intensity to Petone
because of proximity of location.

Further, even though the evidence is not conclusive, there may be a very
marginal tidal influence as well at these locations. As salinity intrusion
gradually lowers the quality of water in the aquifer, eventually rendering it
unsuitable for domestic consumption, this is an opportune time to do a further
detailed investigation in and around Seaview to identify precisely possible
seawater intruding locations and the extent of intrusion, in order to take the
necessary remedial action.
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