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EXECUTIVE SUMMARY
Groundwater is an important water resource in the Hawke’s Bay region for domestic supply,
irrigation and industry. Rainfall that infiltrates into the unconfined aquifer below the root zone
is an important component of groundwater recharge, and quantifying this recharge is
required for effective groundwater management. Although rainfall recharge can be estimated
through models, a rainfall recharge monitoring site provides direct measurements of the
quantity and timing of rainfall recharge to groundwater in a specific location. Hawke’s Bay
Regional Council contracted GNS Science to oversee the installation of three 500 mm
diameter rainfall recharge lysimeters at three monitoring sites on the Heretaunga Plains,
Hawke’s Bay. The sites located at Bridge Pa, Maraekakaho and Fernhill were selected to
represent fluvial, sandy loam and silt loam soil types on the unconfined area of the
Heretaunga Plains aquifer.
This report details the installation of three rainfall recharge lysimeters and instrument
enclosures at the Bridge Pa, Maraekakaho and Fernhill sites. This network will provide
rainfall recharge information useful for groundwater management in the Hawke’s Bay region.
In conjunction with installations in Canterbury and Bay of Plenty, the Hawkes Bay sites form
a network currently consisting of ten rainfall recharge monitoring sites across New Zealand.
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1.0

INTRODUCTION

Groundwater is an important water resource in the Hawke’s Bay region for domestic supply,
irrigation and industry (Luba, 2001). The Heretaunga Plains aquifer is a primary groundwater
resource and is separated into an unconfined and confined zone (Figure 1). Rainfall that
infiltrates below the root zone to the unconfined aquifer is an important component of
groundwater recharge. Hawke’s Bay Regional Council (HBRC) has a statutory requirement
to manage groundwater in a responsible manner, and quantifying recharge is required for
effective groundwater management. Rainfall recharge varies spatially as a function of soil,
slope, aquifer and precipitation conditions. A rainfall recharge site consisting of lysimeters
and instrumentation provides measurements of site-specific groundwater recharge (White et
al., 2007).
Rainfall recharge sites have been installed in the Canterbury (White et al., 2003) and Bay of
Plenty regions (White et al., 2007; Lovett et al., 2012). Originally, two rainfall recharge
lysimeters were installed per monitoring site.
However, a review of Environment
Canterbury’s rainfall recharge network recommended that at least three lysimeters should be
installed at each monitoring site to improve the statistical significance of lysimeter
measurements (Clothier et al., 2009).
HBRC contracted GNS Science to oversee the installation of three 500 mm diameter rainfall
recharge lysimeters at three monitoring sites on the Heretaunga Plains, Hawke’s Bay. Sites
were selected in the unconfined area of the Heretaunga Plains aquifer to be representative of
the range of profile available water in the three main soil types: fluvial, sandy loam and silt
loam (Berry, 2012).
GNS Science, Bay of Plenty Regional Council and HBRC jointly funded and purchased
equipment required for installation of rainfall recharge lysimeters (Figures 2 – 6). HBRC
contracted Lincoln Ventures Limited (LVL) to fabricate the lysimeters. GNS Science were
contracted to oversee the field installation using materials and methods that were consistent
with previous installations (Reeves et al., 2005; Cameron et al., 1992). This report was
prepared for HBRC following project completion and details the installation of the three
lysimeters and instrument enclosures at the three sites. HBRC have the responsibility of
installing the remaining instrumentation required, including rain gauges and the telemetry
system, to complete the monitoring sites.

2.0

FIELD SITES AND METHOD

2.1

Location and soil profile

The three selected sites were located on the unconfined aquifer area of the Heretaunga
Plains. The sites were distributed approximately 5 – 8 km apart and were located at
Maraekakaho, Bridge Pa and Fernhill (Figure 1). HBRC liaised with landowners to gain
permission and organise property access at these locations.
2.1.1

Bridge Pa

The Bridge Pa site was located 6 km west of Hastings, at Hastings Airport, 44 Ngatarawa
Road (E2832918, N6166417) (Figure 7). Installation began on 11 July 2011 and was
GNS Science Consultancy Report 2013/05
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completed on the 25 July 2011. Weather conditions during the installation were clear with no
rainfall.
Soil type at the site has been classified by Landcare Research as a Pakipaki coarse sandy
loam (Appendix A). This soil type was confirmed in a comprehensive soil report including an
assessment of soil moisture measurement and available water capacity, completed by
Ichythus Consulting in June 2011 at the site (Appendix B). The soil profile contained four
primary horizons A, B, Bg and C. Horizon A occurred from 0 – 220 mm Below Ground Level
(BGL) and was described as a very dark greyish brown sandy loam containing inclusions of
rounded pumice. An undulating boundary separated Horizon A from Horizon B (220 – 340
mm BGL) and was described as a yellow brown sandy loam. A compacted gley layer
composed of pale grey sand (Horizon Bg) was located from 340 – 410 mm BGL. An
undulating boundary following the ground surface marked the transition to Horizon C, which
was located from 410 – 590 mm BGL. Horizon C contained sand with black, grey, orange
and white grains. It is important to note that the soil profile indicated the likelihood for an
intermittent water table to occur up to 34 cm BGL.
2.1.2

Maraekakaho

The first choice of sites for lysimeter installation was on the property of M. Glazebrook
located off SH 50 near Maraekakaho. Installation began on the 29th May 2012. However,
the installation was abandoned on the 31th May 2012 because an impermeable hard iron pan
was encountered at 400 – 500 mm BGL, which would inhibit drainage through the lysimeters.
Test pits were excavated at seven alternative sites in the area until an appropriate location
was found. The subsequent Maraekakaho site was established off State Highway 50
between Roys Hill and Maraekakaho, on a property owned by HBRC and leased to M.
Glazebrook (E2825941, N6167640), Figure 8. This site was on pasture approximately 150 m
south of the Higgins gravel works. Lysimeter installation began on the 1st June 2012 and
was completed on the 11th June 2012. Weather conditions during the installation were clear
to overcast with no rainfall.
Soil type at the site has been classified as a typic allophanic brown from the Tararu family
(Landcare Research, 2012). The silty loam soil is suggested to be well drained, with a
moderately deep depth to hard soil, gravel or rock and with moderate available soil moisture
(Appendix B). Parent material is either hard sandstone rock or rhyolite rock. Soil conditions
at the Maraekakaho site were characterised by fine-grained topsoil from 0 – 500 mm BGL.
The topsoil layer was underlain by layers of coarse to fine gravels alternating with a sand
matrix from 500 – 700 mm BGL. Gravel was the base sediment for lysimeter 1 (located 600
– 700 mm BGL) and lysimeter 3 (located 400 – 700 mm BGL). In contrast, the base
sediment for lysimeter 2 was a fine-grained sand. The water table was not encountered
during the installation of lysimeters and instrument enclosures to an approximate depth of 2.6
m BGL.
2.1.3

Fernhill

The Fernhill site was established on the Transpower property of Fernhill Substation, located
400 m southwest of the SH 50 and Omahu Road intersection (E2832938, N6171529) (Figure
9). Installation began on the 20 July 2012 and was completed on the 25 July 2012, there
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were no major delays. Weather conditions were clear and sunny for Day 1, whereas light to
moderate rain and light winds occurred from Day 2 to Day 4.
Soil type at the site was classified as a fluvial raw soil from the Ashburton group (Landcare
Research, 2012). The site is located over moderately well drained soil, with a very shallow
depth to hard soil, gravel or rock and low soil moisture (Appendix C). A soil profile
description for the excavated site indicated 0 – 100 mm of organic topsoil. This layer was
underlain by a layer 20 mm – 200 mm thick of medium sand. The base layer was composed
of coarse to very coarse alluvial gravel and sand matrix, which was layered with sand lenses
from 120 – 200 mm BGL to 700 mm BGL. Sediment was moist throughout the profile and
the water table was not encountered. The base sediment of lysimeters 1 and 2 was
characterised by a gravelly sand matrix; whereas the base of lysimeter 3 was composed of
medium textured sand.

2.2

Lysimeter fabrication

HBRC contracted LVL to manufacture nine rainfall recharge lysimeters. Each lysimeter was
formed from 3 mm thick steel, which was rolled and welded to produce a cylinder 700 mm
high and 500 mm in diameter (Figure 10). A 95 mm wide circular plate was welded 100 mm
below the top of the lysimeter to prevent soil consolidation around the outside of the
lysimeter once installed. This plate was drilled with tapered holes to facilitate drainage
through the plate (Figure 10). The lysimeter base plate was manufactured to be slightly
concave (c. 10 mm) to promote drainage from the lysimeter. A 32 mm diameter female pipe
fitting was welded to the centre of the base plate for attachment of external pipe fittings
(Figure 11). An 8 mm thick by 50 mm wide gradually tapered steel ring was attached to the
inside of the casing at the base of the lysimeter and was bevelled at a 45° angle to provide
an internal cutting ring (Figure 12). The cutting ring provides a gap between the soil column
and lysimeter casing, which is subsequently sealed with petroleum jelly during the
preparation stage. Four 800 mm long steel rods with a 100 mm long threaded end were
used to secure the base plate to the lysimeter casing (Figures 13 and 14). All components
were hot galvanised prior to shipping.

2.3

Installation procedure

At each site, three rainfall recharge lysimeters were installed to ground level. Pipe work from
each lysimeter base was connected to a subsurface enclosure. Installation of tipping bucket
rain gauges will subsequently be completed by HBRC in order to measure the rainfall
recharge passing through the base of each lysimeter. Rain gauges will be also be installed
by HBRC at ground level at each site to monitor rainfall.
2.3.1

Site setup

The site plan was designed to ensure workable placement of the instrument enclosure,
lysimeters and instrumentation equipment. Upon arrival at the site, an excavator was used
to dig a test pit. Grass sod was then removed from a rectangular area surrounding the
installation site in order to assist with site re-establishment (Figure 15).
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2.3.2

Lysimeter removal

Each lysimeter casing was driven into the ground using a combination of weight from the
hydraulic arm of the excavator and a sledge hammer (Figure 16). The steel casing was
protected by 1.2 m long, 125 mm x 125 mm house piles and levels were used to ensure the
lysimeter was driven down vertically (Figure 17). Soil from around the lysimeter base was
excavated throughout the process to facilitate driving of the casing and to decrease the risk
of damage to the internal soil column. After the lysimeter had been driven down to ground
level, the cutting frame was installed and a 10 tonne Porta Power was used to drive the
cutting plate under the lysimeter and isolate the soil column (Figure 18). Four threaded rods
were inserted through the eyelets at the top of the lysimeter and through to the cutting plate
where they were secured (Figure 19). The head works were fitted to the top of the lysimeter
and a swivel clamp was fixed around the centre of the lysimeter (Figure 20). The lysimeter
was then lifted from the pit using the excavator and lifting chains (Figure 21) and was
inverted to allow for preparation of the soil base.
2.3.3

Lysimeter preparation

Firstly, the cutting plate was removed. The sediment was prepared so that the base of the
lysimeter was level, which allowed the base plate to be secured without any gaps (Figure
22). A circular layer of shade cloth was cut and placed on the soil base to stop fine material
flowing from the lysimeter following installation (Figure 23).
A fibreglass wick can be used to reduce the surface water tension in the soil column and
facilitate drainage from the lysimeter in finer grained soil conditions. Due to the fine-grained
soil base at the Bridge Pa site, the intention was to use fibreglass wicks. However, a shallow
perched water table was encountered at 1.2 m BGL, and prevented the use of wicks at this
site (see Section 2.3.5). At the Maraekakaho Site, a fibreglass wick was splayed out from
the centre of the mesh (Figure 24). Fibreglass wicks were not required at the Fernhill site as
the sediment at the base of the lysimeter column was dominated by free-draining gravel
clasts.
The base plate was inserted onto the rods and, where wicks were used, the wick was
carefully pulled through the base pipe with care taken to ensure the shade cloth and splayed
wick were not disturbed. The base plate was bolted securely against the column (Figure 25).
The lysimeter was then inverted and placed on a timber platform and the casing was cleaned
of all sediment and solvents to prepare for sealing (Figure 26). Sika 291 marine sealant was
applied to the lysimeter base plate and casing and left to set overnight (Figure 27). A 20 L
bucket of Waxrex Petroleum Jelly was heated on a gas burner. Once hot, a hand pump and
copper nozzle was used to pump the petroleum jelly into the gaps between the steel casing
and soil column.
At each site, the timing for attachment of pipe fittings was slightly different and was often
conducted simultaneously with installation of lysimeters into the excavated pit. All alkathene
pipe ends were placed in boiling water and fittings were wrapped with thread tape prior to
attachment (Figure 28). Pipe fittings were attached to the outflow at the base of each
lysimeter. At the Maraekakaho site, a coupler and alkathene pipe was inserted over the
fibreglass wicks and fixed onto the lysimeter outflow. The pipe and wick was then cut 500
mm from the lysimeter base (Figure 29) and a right-angle fitting was attached to this pipe
(Figure 30). Alternatively, at Bridge Pa and Fernhill sites a right-angle connector was directly
GNS Science Consultancy Report 2013/05
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attached to the base of the lysimeter (Figure 31). An approximately 3 m length of alkathene
pipe was then attached to the right angle fittings at the base of each lysimeter (Figure 32).
Alkathene pipe was laid to ensure a gradient (approximately 200 mm fall) sufficient to
facilitate water flow from the lysimeter to the instrument enclosure. A length of 65 mm
diameter flexi-pipe was placed over the alkathene pipe for protection (Figure 33).
2.3.4

Installation of lysimeters and instrument enclosure

The pit was excavated and prepared for installation of the lysimeters and the instrument
enclosure (Figure 34). String lines were set at ground level to assist with reinstallation of the
lysimeters at the same height as the ground level surrounding the pit (Figure 35). An
excavator was used to lift and position the lysimeters into the excavated pit, and a hi-ab
crane was used to position the instrument enclosure in the pit. At the Bridge Pa site, four
150 mm x 150 mm paving stones were installed to form each lysimeter platform (Figure 36).
At the Maraekakaho and Fernhill sites, 1.5 m long 125 mm x 125 mm treated house piles
were installed to form the base platform for each lysimeter (Figure 37). At the Maraekakaho
Site, an approximately 500 mm length of 310 mm diameter PVC was placed on top of the
timber platforms in order to protect the fibreglass wicks and alkathene pipe (Figure 38). The
PVC pipe was at a length suitable to ensure the top of the lysimeter was at ground level. At
Bridge Pa and Fernhill sites, lysimeters were placed directly on the paving stone and timber
platforms, respectively. Lysimeters were installed onto the respective platforms and levelled
using the string lines.
Once satisfied with the layout of the site, infilling of the excavated area around the lysimeters
and instrument enclosure was then undertaken. During this process, wooden lids were
placed on the lysimeters and the enclosure was covered with a plywood sheet to prevent
fouling from sediment (Figure 39). Infilling of the pit was completed using the excavator and
by hand, with particular care taken to ensure that the lysimeters were packed into the
surrounding sediment so that post installation subsidence was minimised (Figure 40). The
soil was re-instated, the site was fenced and completed (Figures 41 – 47).
2.3.5

Variation to the standard installation procedure

Several additional variations to the standard installation procedure occurred due to sitespecific conditions. These variations from the general method are described below.
At Bridge Pa the original intention was to install 0.5 m long wicks at the base of the lysimeter
columns and to use a wooden enclosure to house the instruments below ground level. The
very shallow water table (1.2 m BGL) meant that it was not possible to install the wicks at the
base of the lysimeters, as they would have been at, or below, groundwater level. Therefore,
both these aspects had to be revised. The wicks were not installed, and a rectangular
concrete tank (a septic tank without the lid) was used for the enclosure. As discussed in
Section 2.3.4, paving stones were used as a lysimeter platform at the Bridge Pa site. The
concrete enclosure measured 2.34 m long x 1.23 m wide x 1.62 m deep. Internal baffles
were removed following installation to create enough room for installation of rain gauges and
for health and safety reasons.
As discussed in Section 2.3.4, the Maraekakaho site included installation of a fibreglass wick
and subsequently a PVC base on the timber platform to protect the wick and pipe. Concrete
tank dimensions were 2.34 m long x 1.23 m wide x 2.76 m deep. Due to a delay in delivery,
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the concrete enclosure was lowered into the pit after the lysimeters had been installed into
the site. As the enclosure was higher than ground level the walls were subsequently
reduced in height from 2.76 m to 2.3 m. On one occasion a lysimeter was re-located on site
during installation to avoid intercepting very large gravel clasts.
At the Fernhill site, straight line connectors were connected and sealed onto the 15 mm
alkathene pipe of lysimeters 2 & 3 as they were accidently cut too short prior to being
inserted into the enclosure. The straight-line connector will not affect accuracy of recharge
measurements. The concrete tank dimensions for the Fernhill site enclosure were 2.34 m
long x 1.23 m wide x 1.62 m deep.

3.0

SUMMARY

A rainfall recharge recording site is an effective monitoring tool for measuring rainfall
recharge to an aquifer. HBRC commissioned GNS Science to oversee the installation of
rainfall recharge lysimeter sites at Bridge Pa, Maraekakaho and Fernhill, located on the
Heretaunga Plains unconfined aquifer. Installation of the three 500 mm diameter lysimeters
and a subsurface instrument enclosure at each site was completed on 27 July 2012. HBRC
are responsible for the subsequent installation of tipping bucket rain gauges to measure
water volume infiltrating each lysimeter. Once operational, the rainfall recharge sites will
form a network that will provide HBRC with rainfall recharge information for groundwater
management purposes.
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Figure 1:

Location of HBRC rainfall recharge monitoring sites, Hawke’s Bay.

Figure 2:

Head works and wooden plate.
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Figure 3:

Head works assembled.

Figure 4:

Swivel clamp.

Figure 5:

Base cutting plate.
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Figure 6:

Base cutting plate and cutting plate enclosure.

Figure 7:

Location of the Bridge Pa rainfall recharge monitoring site, Hastings Airport. Hawke’s
Bay.
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Figure 8:

Location of the Maraekakaho rainfall recharge monitoring site, Hawke’s Bay.

Figure 9:

Location of the Fernhill rainfall recharge monitoring site, Hawke’s Bay.
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Figure 10: LVL lysimeter top.

Figure 11: LVL lysimeter base plate.

Figure 12: LVL lysimeter cutting ring.
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Figure 13: LVL lysimeter top, drill holes and rods.

Figure 14: LVL lysimeter casing showing rods.
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Figure 15: Site layout including test pit and grass sod removal, Fernhill Site.

Figure 16: Driving the lysimeter casing into the ground using the excavator, Fernhill Site.
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Figure 17: Lysimeter during driving to isolate of the soil column, Fernhill Site.

Figure 18: Using the Porta Power to insert base cutting plate beneath lysimeter, Fernhill Site.
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Figure 19: Threaded rods inserted through top and base plate, Maraekakaho Site.

Figure 20: Head works secured onto the lysimeter ready for extraction, Maraekakaho Site.
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Figure 21: Lysimeter being lifted using an excavator and lifting ropes, Maraekakaho Site.

Figure 22: Base of lysimeter prepared so that it is level, Fernhill Site.
GNS Science Consultancy Report 2013/05

18

Confidential 2013

Figure 23: Shade cloth placed on the prepared lysimeter base, Maraekakaho Site.

Figure 24: Splayed fibreglass wick and shade cloth, Maraekakaho Site.
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Figure 25: Securing the base plate after insertion over the fibreglass wick, Maraekakaho Site.

Figure 26: Lysimeters on wooden platforms being prepared for sealing, Maraekakaho Site (A)
Fernhill Site (B).
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Figure 27: Lysimeter following application of Sika 291 marine sealant, Fernhill Site.

Figure 28: Warming of alkathene pipe ends in hot water prior to attachment, Fernhill Site.
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Figure 29: Lysimeter with base fitting and c. 500 mm alkathene pipe, Maraekakaho Site.

Figure 30: Lysimeter with enclosed fibreglass wick and right angle fitting, Maraekakaho Site.
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Figure 31: Lysimeter with right angle fitting only attached to the base plate, Fernhill Site.

Figure 32: Attaching the outflow alkathene pipe to right angle base fitting, Fernhill Site.
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Figure 33: Alkathene pipe and flexi-pipe attached to the base of the lysimeter, Fernhill Site.

Figure 34: Excavating the pit for lysimeter and enclosure installation, Fernhill Site.
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Figure 35: Completing pit excavation and installed string lines, Maraekakaho Site.

Figure 36: Levelling of paving stones for the lysimeter base, Bridge Pa Site.
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Figure 37: Timber platforms for lysimeter base, Fernhill Site.

Figure 38: Placement of the lysimeter onto timber platform and PVC, Maraekakaho Site.
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Figure 39: Infilling of excavated pit with lysimeters and instrument enclosure, Fernhill Site.

Figure 40: Partial infilling of the lysimeters completed, Maraekakaho Site.
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Figure 41: Bridge Pa Site prior to infilling.
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Figure 42: Layout of Bridge Pa rainfall recharge monitoring site indicating the instrument enclosure,
fence and three lysimeters (1 – 3). (Refer to Figure 41 for orientation)

GNS Science Consultancy Report 2013/05

28

Confidential 2013

Figure 43: Maraekakaho Site following enclosure installation and turf reinstatement.
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Figure 44: Layout of Maraekakaho rainfall recharge monitoring site indicating the instrument
enclosure, fence and three lysimeters (1 – 3). (Refer to Figure 43 for orientation)
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Figure 45: Fernhill Site following infilling and turf re-instatement.
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Figure 46: Layout of the Fernhill rainfall recharge monitoring site layout indicating the instrument
enclosure, fence and three lysimeters (1 – 3), (Refer to Figure 45 for orientation).
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Figure 47: Fernhill Site following instrumentations and fence.
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