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Executive Summary

This report describes short-term groundwater related field investigations undertaken in
the summer of 2014-15 in support of the Healthy Rivers Project (Waiora He Rautaki
Whakapaipai). This work adds an increment, most notably in respect to groundwater
lags, to the substantial body of information already available. The report aims to
document data provision and hence provides very limited analysis. Information was
made available to collaborating investigators (e.g. modellers) as it became available. A
summary reporting of information with references to datasets was produced in June
(doc 3425899).

The summer field investigations included: a flow confirmation survey, low flow gauging,
well information surveys, water chemistry sampling, groundwater level surveying,
investigation of redox conditions in groundwater, radon surveys and water age dating.
The large flow confirmation survey involved observations of surface flow along
designated routes throughout the Waipa catchment and Waikato catchment north of
Karapiro. This was to confirm low flow contribution from a substantial number of
selected sub-catchments for water budget analyses. Flow, or lack of, was confirmed at
a total of 484 locations. To further substantiate flow estimates, low flow gaugings were
undertaken throughout the Healthy Rivers study area at 170 locations and included
Gimultaneousdlinear gauging. Both the low flow gauging and flow confirmation survey
information was provided to GNS Science Ltd (GNS) for contracted water budget
analyses.

Some field investigation to obtain additional well information was also part of the
summer program. A total of 90 sites were visited to add information to the
approximately seventeen thousand records held in the Council database. These
surveys targeted particularly areas of interest to modellers.

The field investigations in the Waikato catchment (upper, middle and lower) included
collection of 68 samples for analysis of chemistry. The chemical determinands included
nitrate-N, dissolved reactive phosphorous, iron, manganese, reactive silica, pH,
ammoniacal-N and others relevant for characterisation and determination of land-use
influence.

Nearly 35% of all wells sampled in the study area this summer showed some
contamination of nitrate-N (i.e. > 1 ppm) probably related to land-use activities (doc
3431809). Recent groundwater sampling in the Reporoa area showed the nitrate-N
concentration varied from less than 0.05 (non-detect) to 12.8 ppm (almost at the
drinking water guideline of 11.3 ppm), with a mean of 2.5 and median of 0.75 ppm.
Aerobic conditions are indicated at about a 36% of these sites, anaerobic at about 32%
with the remaining third being indeterminate.

Static groundwater levels were recorded in about 95 wells, including 27 measured by
GNS Science in the Waipa catchment. Relative levels of selected sites were surveyed
to Moturiki datum (mean sea level). This information was provided to contractors for
numerical modelling and construction of piezometric surfaces.

Surveys of radon concentration were undertaken along the Pokaiwhenua and Little
Waipa Streams, comprising 10 sites in each, to identify areas of groundwater inflow.
Radon is a radioactive gas which can be used as a tracer of groundwater input to
surface waters given it is present in aquifers but readily dissipates in air. Flow and
water quality were also measured at the same time.

The radon results show considerable variation, ranging from non-detect (<0.01) to 5.4
Bg L in the Pokaiwhenua and from 0.2 to 28.1 Bg L in the Little Waipa. The highest
concentrations were associated with springs. The results reflect the importance of
fracture flow through these Upper Waikato catchments which are dominated by
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fractured ignimbrite geology. Water age dating also undertaken showed the notable
spring inflows to be of similar age to the streams consistent with their baseflow
domination.

Investigation was undertaken at selected sites to determine the depth to the
redoxycline (where groundwater changes from aerobic to anaerobic condition). This
was achieved by core testing. Drilling and piezometer construction was undertaken at
four selected sites adjacent to the Upper Waikato hydro-lakes. At two of these sites
(Little Waipa Reserve and Bulmer Landing) the redoxycline was found to be within four
metres of the water table. The redoxycline was not encountered at the other two sites
within 6 m and 11 m below the water table (Epworth Park and HoraHora Domain
respectively). The opportunity was also taken to test core from 18 holes drilled in the
Hamilton Basin for monitoring wells by Opus International Consultants Ltd for Transit
New Zealand Ltd. Although the depth to anaerobic conditions below the water table
was highly variable (ranging up to 50 m), it occurred almost half the time within five
metres. Groundwater quality was also tested at the sites selected and nitrate-nitrogen
concentrations were confirmed to be either very low or non-detect where anaerobic
conditions were indicated.

Water was sampled for age dating throughout the Healthy Rivers study area and
comprised 25 groundwater samples, three springs and 21 other surface water samples.
The previous year 13 surface water samples from the Upper Waikato were analysed
for tritium with only two being available before that. Groundwater age estimates, by
contrast, were already available from 85 groundwater wells in the study area (~160
regional-wide). The most recent groundwater samples included 10 from wells in the
Waipa catchment and all were analysed for CFCs, SFe and tritium. Groundwater
samples were also taken from either side of the redoxycline from two sites adjacent to
the Waikato River south of Karapiro and one in the Hamilton Basin.

Apart from the Upper Waikato streams, the age of surface waters (expressed as mean
residence time) are generally less than 15 years and average about 10 years. The
base-flow dominated Upper Waikato sub-catchment streams are older with an average
measured mean residence time of about 52 years (median 35 years; flow weighted
mean of about 47 years). The Upper Waikato main stem water age is younger (about
12 years at Karapiro) due to the influence of Lake Taupo which provides two thirds of
the flow.

The age of groundwater throughout the study area is highly variable with mean
residence times often much older than surface waters (mean and median residence
time estimated from the summer monitoring results are about 114 and 95 years
respectively). The mean and median of the previously available groundwater age
analyses was about 68 and 48 years respectively. Although the relationship between
groundwater age and depth is not significant, age is generally expected to increase
with depth in a recharging regime. Similarly there is no simple linear relationship
between age and nitrate-N concentration in wells. Typically, however, there is a wedge
shaped distribution showing groundwater older than the significant development of
farming is low in nitrogen, whereas younger groundwaters range in concentration
dependent on land-use influence and attenuation.

Field investigations undertaken in the Waipa catchment by GNS are not reported here

but information is available in Rawlinson et al., 2014 (doc 3410503). The results were

made available to collaborators and provide additional information for the calibration of

a proposed Waipa numerical groundwater model. It is noted that some preliminary data

visualisation work undertaken by one of the students trialing6 Leapf r og@ocsof t war e
3297495) is also not reported here.
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1.1

1.2

Introduction

Background

The Waiora He Rautaki Whakapaipai project (Healthy Rivers - Plan for Change), will
establish limits and targets for nutrients, sediment and E. coli in waters of the Waikato
and Waipa catchments. The technical leaders of this project consider it important to
seek a greater understanding of nitrate loads and transport times from the land, via
groundwater to streams, and the extent of attenuation processes within aquifers and
riparian zones. This is to assist the development of policy to equitably restore and
protect the Waikato and WaipaRi ver s t o meet community?©o

The technical leaders group approved work briefs including that for the summer field
investigation provided below. It should be noted that the proposed work represents an
increment to the substantial body of information already available. This notably
includes information about groundwater age from the dating of about 110 wells
regionally, numerical groundwater flow and contaminant transport modelling of the
Upper Waikato involving Aqualinc already in its fifth phase (doc 3199217), Waipa
conceptual model development by GNS (doc 3208380), collaborative work on nitrogen
assimilation involving ESR and Lincoln Agritech, and regional groundwater quality
information from regular long-term monitoring. This is as well as numerous other
investigations into groundwater resources including characterisation at Tokoroa,
Hamilton Basin, Pukekohe and Ohinewai.

This report describes the groundwater related field investigations undertaken in a very
tight timeframe over the summer of 2014-15 in support of the Healthy Rivers Project.
References to the detailed datasets are included along with an overview of the
programme showing how the various components link to other work. It is not intended
to provide detailed analyses here but some description is provided along with comment
about how the data is intended to be used. A summary reporting of information with
reference to datasets was produced in June (doc 3425899).

Work brief

The work brief developed with the technical Leaders groups was to undertake an
extensive field programme during the 2014/15 summer to provide additional
information on basic hydrology, hydrogeology, regional piezometric levels, water
chemistry (especially N), and ground water/surface water age and age distribution. The
work brief is as included below.

A summer field work programme will be undertaken to improve the understanding of
the state of equilibrium between current land use intensity and river water quality. The
field programme will be guided by desktop reviews of current hydrogeological
information. The additional information will support other aspects of an integrated
programme of work to understand and model N attenuation and transport from land to
surface water including developing robust conceptual models of the ground water
systems in the Waikato and Waipa catchments and enhancement of the regional
surface water quality estimation tool developed by NIWA. The information will also help
define the changes in land use intensity required to restore and protect the Waikato
and Waipa rivers and define the costs of achieving those changes.

Information required:
At selected and agreed locations the following types of information are required
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1.3

a) basic hydrology, including low flow gauging and stream head elevations associated
with low flow conditions, aquifer pumping tests for T, S and k if available, ground
water levels, surveyed regional piezometric levels and ground water flow paths;

b) groundwater chemistry (especially N) and silica, also N, gas and radon where
justified

c) groundwater/surface water (springs) age and age distribution (over a range of flow
conditions)

d) geological and redoxycline information from well logs and shallow drilling in critical
parts of the region.

Method:

Establish a 2014 summer field programme to provide the additional information
identified. Agree the sites and information necessary in selected sub-catchments with
groundwater experts involved in developing the conceptual ground water models and
water quality models that this project contributes to. Previously sampled sites will be re-
sampled and new monitoring sites will be established.

Performance measures:

The location of sampling sites and other observations and tests as agreed by the client
and other groundwater experts before beginning the programme.

Sampling and other observations undertaken using standard hydrogeological methods.
Wai kat o Regi onal Council 6s HS&E policie

Timelines and milestones:

Information for this investigation collated and agreed with client by 19 Dec 2014
Field work completed by 20 March 2015

Results and observations forwarded to modellers immediately they become available
Draft report completed by 28 May 2015

Final report completed by 26 June 2015

It is noted that a summary report was requested and supplied, describes and
references the various datasets derived (doc 3425899). Greater detail was
subsequently requested which would directly include more detailed field data.

Approach

The scale of this study and its extremely short timeframe required it to be broken into
components with the involvement of contractors (GNS Science and Wildimpact Ltd)
and University of Waikato student input. A substantial part of the investigations in the
Waipa catchment was undertaken by GNS Science. Investigations throughout the
study area were managed, and contributed to, by Waikato Regional Council
groundwater staff. The extent of the study area is illustrated in Figure 1 within sub-
catchments labelled.

As well as the field work described, the routine summer monitoring of 110 regional
wells and 90 community water supplies also contributed information which was made
available to the Healthy Rivers project.

In parallel with the field investigations there were also other contracted works as part of
the Healthy Rivers projectt o i nvestigate wunsaturated
study area by Lincoln Agritech and to produce conceptual hydrogeological models,
piezometric surfaces, water balance and water quality information by GNS Science Ltd.
A considerable amount of field derived information was made available to all relevant
contractors and researchers by Council.
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Figure 1. Healthy Rivers study area showing sub-catchments

The field collection of general hydrogeological information in the Waikato and Waipa
catchments are described below, although for a substantial part of the latter the reader
is referred to a report by GNS Science (Rawlinson et al., 2015 in doc 3410503). The
following sections describe a flow confirmation survey, low flow gauging, well
information surveys, water chemistry sampling, groundwater level surveying,
investigation of redox condition in groundwater, radon surveys and water age dating.
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2.1

2.2

3.1

Flow confirmation survey

Method

This work was undertaken by University of Waikato students and involved driving a

series of selected routes t o check wher e

essentially where blue lines crossed the road on topographic maps, although any other
significant flows were noted. This primarily involved checking at culverts and bridges
for any flow and depending on circumstances making an approximation of flow. The
information gathered included a series of GPS waypoints with at least two photos at
each site to show the flow and setting. Date, time and GPS location were noted and
flow described. Comment on the location was also made, such as bridge, culvert
number or stream name (if available). In respect to flow, it was noted whether: there
was flow; flow was gaugeable or could be estimated using a bucket or cross-section
and velocity approximation.

Data obtained

The flow confirmation survey undertaken extended throughout the Waipa catchment
and Waikato catchment north of Karapiro (Figure 2). Flow, or lack of, was confirmed at
atotalof 484 locations. These comprised 179 in the
246 in the Lower Waikato (north of Ngaruawahia). The summary of the data collected
is listed in Table 1. Further descriptive information is also archived in doc 3261460 and
photographs of each site are available in G:/RIG/Environmental Monitoring/Healthy
River/Gaugings Healthy River/Flow Confirmation photos Healthy Rivers. The codings
for flow are:

N T no flow
E 1 estimated
G T gaugeable
M i gauged

U - ungaugeable
This flow confirmation information was provided to GNS Science to provide context for
sub-catchment water budget and flow estimation.

Low flow gauging

Method

A substantial number of low flow gaugings were undertaken throughout the Healthy
Rivers study area by Wildimpact Ltd. The total of 170 gaugings carried out included 31
in the Waipa catchment, 68 in the Reporoa area (including repeats), five on the
Pokaiwhenua Stream and 66 gaugings in the Lower Waikato. The low flow gauging
sites are mapped in Figure 3. Some of this work involved simultaneous linear gauging.
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Figure 3: Map of the low flow gauging sites

Three different types of flow meters were used to gauge stream flows in the
Waikato/Waipa catchment. For wade-able streams the following two current meters

were used, depending on availability:
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3.2

4.1

1. Seba Universal Current Meter (propeller type), mounted on a top setting rod.
As a logging device a Glogger from Scott Technical Instruments was used and
associated glog software to calculate the discharge

2. Sontec Flowtracker Handheld (Acoustic Doppler Velocimeter), mounted on a
top setting rod. This has an integrated logger and discharge calculation
software.

For streams with a width of greater than two metres 20 verticals were measured
across the stream, for smaller streams the distance between verticals was usually no
less the 0.1m.

For larger streams or rivers a Teledyne Streampro ADCP (Acoustic Doppler Current
Profiler) was used to measure the discharge. The instrument was mounted on a
floating device and tethered across the water body using a remote controlled traveller
along a fixed tag line. Win River software was used to record and calculate the
discharge according to WRC standard procedures.

Data obtained

Gauging information is provided in Appendix Il. Full reporting is available in documents
3298785 (Waipa), 3298789 (Upper Waikato) and 3298794 (Lower Waikato) and
otherwise in G:\rig\environmental monitoring\healthy rivers.

Both the low flow gauging and flow confirmation survey information was provided to
GNS for consideration as part of water budget analyses. Comment is not provided here
on the subsequent use of this information.

Well information surveys

Method

Well information surveys were programmed as part of the summer student field
programme to obtain information additional to that already held for about seventeen
thousand wells in the Council database. This work targeted areas of interest to
modellers such as for the Reporoa, Upper Waikato (more generally), and Lake
Maratoto areas (where there are exiting models). Te Kowhai was also of interest to
substantiate the location of Waipa catchment divide. The Mangatangi area was also
targeted as a potential lower catchment case study area.

The opportunity was also taken to inspect recently constructed wells (over the last two
years) in areas of interest (a function not currently undertaken by Council). Wells of
interest, particularly for water level and water quality were generally preferentially
selected. Similar work was undertaken by GNS Science in the Waipa catchment.

Given occupational safety and health and access considerations, the students worked
in pairs and only obtained samples where the owner was prepared to assist. No
dismantling of pumping equipment was undertaken. Some of this work was
subsequently undertaken by Council staff. Similarly water levels were frequently not
able to be measured due to access problems or pumping in the particularly dry summer
conditions in which the field-work was undertaken. Permission could not be gained to
access some of the wells of interest and occasionally wells were found to have been
abandoned (an aspect also not controlled by, or notified to, council).
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4.2 Results

A total of 90 wells were surveyed through the summer. Example site survey sheets,
including photographs, are attached in Appendix Ill. They include, where available,
information about the following: name, location (easting and northing), address, contact
person, phone contact, survey date, aquifer geology, topography, land-use, water use,
level probe access, static water level, water quality comment, site number, number of
wells on the property, drillerds | og availabil:@
casing diameter, casing depth, casing type, screen diameter, depth and type, pump
details, well yield, drawdown, whether there is hydraulic testing information and
whether the well is used for potable supply. Similar information gathered by Wildimpact
Ltd in the Mangatangi area was gathered using a different format. The remaining site
sheets are available in the documents listed by number in the following table along with
the related map references and area.

Table 1: List of docume nted well information

Well No. Document No. Easting Northing
70_741 3279550 Maritoto 1804156 5805186
72_8016 3279500 Maritoto 1804404 5804234
72_8051 3279469 Maritoto 1804291 5804673
72_7156 3279324 Maritoto 1802508 5803470
72_3609 3279319 Maritoto 1801802 5804268
72_1648 3279305 Maritoto 1802122 5804385
72_7157 3279285 Maritoto 1802491 5805006
72_309 3279262 Maritoto 1803299 5804762
72_7158 3279215 Maritoto 1803635 5804532
70_1182 3279200 Maritoto 1804050 5804535
70_525 3279171 Maritoto 1804107 5803987
72_7051 3279155 Maritoto 1803159 5803574
72_4696 3279135 Maritoto 1802655 5802309
72_1176 3279095 Maritoto 1804126 5804137
72_4511 3279067 Maritoto 1804181 5804113
72_7820 3291701 Waotu 1837458 5776539
72_7821 3291696 Whakamaru 1848566 5761846
72_7835 3291690 Taupiri 1793137 5833224
72_7837 3291689 Gordonton 1810944 5831350
72_7838 3291687 Gordonton 1804692 5830232
72_7836 3291685 Gordonton 1803656 5829430
72_7844 3291677 Gordonton 1796283 5833584
72_7839 3291683 Arapuni 1827654 5777728
72_7840 3291655 Orini 1807112 5839179
72_7844 3291677 Gordonton 1796283 5833584
72_1779 3291653 Taupiri 1803977 5834088
72_3525 3291650 Waotu 1840772 5770953
69_354 3291647 Te Kowhai 1790960 5819696
62_115 3291644 Te Kowhai 1794838 5820854
72_7126 3259835 Karapiro 1826419 5800732
72_7775 3259803 Karapiro 1823870 5800618
72_7775 3259777 Karapiro 1822721 5801268
721480 3259738 Reporoa 1883726 5748034
72_6843 3259738 Reporoa 1883726 5748034
68 9 3252956 Reporoa 1886604 5738147
72_1502 3252622 Reporoa 1887116 5737217
72_3022 3249386 Reporoa 1900918 5736261
72_1147 3249386 Reporoa 1900918 5736261
72_1498 3243110 Reporoa 1888438 5738757
72_1501 3243049 Reporoa 1887096 5737197
72_7964 3243049 Reporoa 1887096 5737197
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66_35 3238957 Reporoa 1891603 5742995
72_4618 3238945 Reporoa 1887902 5741351
72_3036 3238928 Reporoa 1887751 5726346
72_7834 3290306 Taupiri 1805340 5840374
72_3741 3287465 Tokoroa 1848980 5774796
72_7842 3287326 Tokoroa 1849972 5774933
72_4797 3283646 Te Kowhai 1788347 5819611
69_724 3283644 Te Kowhai 1792965 5819703
72_7444 3283637 Te Kowhai 1793120 5820733
72_5979 3259840 Cambridge 1831313 5799573
72_7367 3269819 Cambridge 1826172 5795836
72_7943 3269778 Cambridge 1830524 5790704
72_3984 3258651 Reporoa 1895796 5736466
72_4142 3258651 Reporoa 1895796 5736466
73_3538 3252825 Reporoa 1895796 5736466
72_6153 3258651 Reporoa 1893552 5730702

66_32 3249269 Reporoa 1901605 5736221
72_4457 3249183 Reporoa 1903620 5736364

66_60 3249146 Reporoa 1904381 5736490
72_1148 3248948 Reporoa 1898187 5736788
721882 3243106 Reporoa 1893283 5734364
725198 3238986 Reporoa 1896577 5742571
72_1480 3238950 Reporoa 1890141 575100
72_5445 3238919 Reporoa 1896448 5742731
69 2044 3386300 Mangatangi 1795144 5880575
72_2866 3386282 Mangatangi 1796842 5881278
72_2166 3386300 Mangatangi 1794038 5883573
72_5637 3386300 Mangatangi 1794159 5875491
69 836 3386282 Mangatangi 1797344 5880679
72_6501 3386300 Mangatangi 1795053 5875574
69 2088 3386300 Mangatangi 1798749 5877981
72_553 3386300 Mangatangi 1796653 5875577
61_663 3386300 Mangatangi 1797038 5883679
72_175 3386300 Mangatangi 1794944 5880374

72_54 3386300 Mangatangi 1795143 5880875
69 745 3386282 Mangatangi 1800157 5873983
69_2085 3386300 Mangatangi 1798655 5874780
72_3749 3386300 Mangatangi 1802060 5873425
72_6500 3386300 Mangatangi 1800055 5874683
72_3745 3386300 Mangatangi 1800493 5873503
69_1018 3386300 Mangatangi 1803764 5870189
72_7034 3386282 Mangatangi 1795694 5880627
72_4472 3386282 Mangatangi 1798533 5886382
72_4912 3386300 Mangatangi 1792144 5879869
69 836 3386300 Mangatangi 1797446 5880420
61 444 3287780 Mangatangi 1789388 5880801
72_6599 3386282 Mangatangi 1790908 5878379
72_6601 3287780 Mangatangi 1790342 5878819
72_6627 3287780 Mangatangi 1791697 5893220
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5.1

5.2

Groundwater chemistry

Method

Sampling for water quality was carried out as described by the New Zealand national
protocol for the state of environment sampling (Daughney et al., 2006) with minor
exceptions, notably that pH was not measured in the field. Samples were only collected
when access was provided by the land-owner. Samples were taken as close as
possible to the wellhead. Students were not permitted to dismantle pipe-work or plant
which constrained access and required some follow-up by Council staff.

Samples were taken after a sufficient volume of groundwater had been purged to
ensure the removal of annular water. This was aided by coincident substantial pumping
of many wells over the dry summer provided this could be confirmed. Conductivity,
temperature and dissolved oxygen were measured in the field and samples were only
taken after these measurements became stable. Samples were kept cool with ice in
chilly bins until delivered to Hill Laboratories for analyses.

Samples were analysed for the following determinands: pH, alkalinity, free carbon
dioxide, total hardness, electrical conductivity, total dissolved salts, total boron, total
calcium, total copper, total iron, total magnesium, total manganese, total potassium,
total sodium, total zinc, chloride, ammoniacal-N, nitrate-N, sulphate, dissolved iron,
dissolved manganese, dissolved reactive phosphorus and reactive silica. The analytical
methods used are listed in Appendix IV as well as an example results sheet.

Results

Water chemistry sampling was undertaken at 68 wells throughout the Upper, Central
and Lower Waikato catchments. The results are listed in Appendix 1V. About 60 surface
water quality samples were also analysed as part of the summer programme,
associated predominantly with water age dating and radon surveys. These results are
not discussed here although there is related comment in section eight of this report. A
further 48 groundwater wells were sampled by GNS Science in the Waipa catchment.

About 35 % of all wells sampled in the study area this summer show some
contamination of nitrate-N (i.e. > 1 ppm) probably related to land-use activities (doc
3431809). Recent groundwater sampling in the Reporoa area showed the nitrate-N
concentration varied from non-detect to 12.8 ppm (almost at the drinking water
guideline of 11.3 ppm), with a mean of 2.5 and median of 0.75 ppm. Aerobic conditions
are indicated at about 36% of these sites, anaerobic at about 32% with the remaining
third being indeterminate.

The chemistry data obtained was provided to GNS Science Ltd as an increment to the
much larger existing dataset for contracted analyses of results. As a consequence no
further analyses is provided here and it would be outside the scope of this work. An
indication of the nitrate distribution is, however, provided in the map of the larger
dataset (Figure 4).
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Figure 4:  Groundwater nitrate -N medians in the Healthy Rivers study area
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6.1

6.2

Groundwater level surveying

Method

Groundwater levels were obtained wherever possible from all wells surveyed and
sampled. Manual water level probes were lowered to detect the water level where
access could be obtained down the annulus from the wellhead. Water levels were
checked over time to determine if they were in a static condition. Many wells were
being pumped during the hot summer constraining the ability to gather static readings.
Where it was possible the depth was noted along with the point of reference for the
measurement taken. This was typically the casing head flange.

Subsequent surveying to Moturiki datum was undertaken to determine the relative
height above a common mean sea level reference. A range of techniques was used.
These included line of sight surveying (for close benchmarks) and RTK GPS surveying.
The calibration method and accuracy is dependent on the availability and accuracy of
benchmarks. Although higher accuracies are from individual techniques are possible,
overall confidence taking into account the range of benchmarks is about 100 mm. The
points of measurement on the bore-heads are corresponding with the mark used to
measure the groundwater level. These marks are described in the site file of each bore.

Results

Groundwater levels were measured in 95 wells in the Healthy Rivers study area during
the 2014-15 summer. Of these 27 were measured by GNS Science in the Waipa
catchment and are not included here. The measured static water levels (from doc.
3502580) are listed in Table 2.

Information gathered was made available to modellers and contracted hydrogeologists
to construct piezometric surfaces and calibrate numerical models. Some of this work
focused on the Reporoa, Upper Waikato and Lake Maritoto areas where there were
existing numerical models.
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Table 2:

Measured grou ndwater levels and well elevations

Well Depth to SWL
(\[e} Easting  Northing Date SWL Elevation (masl)
61_444 1789442 5881064  5/02/2015 2.46
62_115 1794838 5820854  9/02/2015 2.53
66_32 1901669 5736209  12/12/2014 67.39 529.78 462.39
66_35 1891564 5742992  4/12/2014 1.83 297.26 295.43
66_60 1904380 5736493  12/12/2014 > 160 546.04  <386.04
69 2085 1798655 5874780  9/04/2015 9.155
69 354 1790960 5819696  9/02/2015 3.27
69 724 1792965 5819703  9/02/2015 75
69 836 1797344 5880679  13/04/2015 4.89
70 1182 1804050 5804535  2/02/2015 3.66
70 525 1804107 5803987  2/02/2015 10.57
70 526 1822684 5801200  17/02/2015 4.01
721176 1804126 5804137  2/02/2015 10.93
721483 1896155 5744453  20/01/2015 17.09
721486 1895255 5743901  20/01/2015 2.48
721488 1888403 5740487  30/04/2015 41.04 349.46 308.42
72 1489 1888954 5740564  30/04/2015 28.73 336.62 307.89
721498 1888438 5738757  9/12/2015 0.14
72 1502 1887113 5737218  16/12/2014 6.25 331.05 324.80
721648 1802122 5804385  2/02/2015 1.88
721882 1893284 5734366  1/05/2015 2.8 306.44 303.64
722067 1891672 5740441  15/01/2015 2.06 295.73 293.67
72 3022 1900918 5736261 12/12/2014 >160
723036 1887751 5726346  4/12/2014 23.94
72.309 1803299 5804762  2/02/2015 10.74
723538 1895778 5736474  19/02/2015 44.97 358.66 313.69
723609 1801802 5804268  2/02/2015 3.9
723741 1848956 5774764  1/01/2008 40.3 249.33 209.03
723745 1800458 5873483  9/04/2015 19.96
723749 1802058 5873386  9/04/2015 5.11
72 3984 1895775 5736434  20/01/2015 45,58 357.71 312.13
72_4061 1897033 5737008  20/01/2015 114.73 442.08 327.35
72 4511 1804181 5804113  2/02/2015 15.9
724618 1887881 5741255  4/12/2014 38.95 348.31 309.36
72 4696 1802655 5802309  2/02/2015 19.59
724797 1788347 5819611  9/02/2015 2.6
72 6153 1893553 5730706  29/01/2015 13.3 316.23 302.93
726155 1890354 5730592  15/01/2015 2.5
726501 1795053 5875574  9/04/2015 4.485
72.7126 1826403 5800527  23/12/2014 4.42 90.90 86.48
727142 1818946 5843688  17/12/2014 4.36
727156 1802508 5803470  2/02/2015 3.55
727367 1826342 5795496  5/05/2015 28.65 106.90 78.25
72_7444 1793120 5820733  9/02/2015 3.18
727774 1826051 5798580  28/01/2015 13.85
727775 1823439 5800685  5/05/2015 46.55 79.30 32.75
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72_7776 1822718 5801053 28/01/2015 60.34 80.37 20.03
72 7820 1837458 5776539 12/02/2015 10.59

72_7821 1848567 5761853 5/05/2015 14.52 350.14 335.62
72_7834 1805340 5840374 17/02/2015 18.67

72_7837 1810944 5831350 18/02/2015 6.58

72_7838 1804692 5830232 18/02/2015 2.53

72_7839 1827565 5777763 5/05/2015 50.54 180.69 130.15
72 7840 1807112 5839179 17/02/2015 12.65

72_7842 1849970 5774931 12/02/2015 354 243.89 208.49
72 7844 1796283 5833584 17/02/2015 5.48

72_7911 1830749 5779427 8/04/2015 1.93

72 7912 1830737 5779426 8/04/2015 2.77

72_7913 1830717 5779437 8/04/2015 2.31

72 7919 1830747 5779425 8/04/2015 1.84

72_7920 1833256 5787607 8/04/2015 3.43

72_7921 1833275 5787602 8/04/2015 4,12

72_7922 1833311 5787601 8/04/2015 4.75

72_7943 1830496 5790512 5/05/2015 57.98 252.93 194.95
72_796 1886575 5738773 9/12/2014 14.77 360.50 345.73
72_7964 1887096 5737197 9/12/2015 14.77

72_7981 1886604 5738147 30/04/2015 42.47 363.40 320.93
728016 1804404 5804234 2/02/2015 10.09
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7.1

7.2

Investigation of redox conditions

Method

Determining the distribution of anaerobic zones in groundwater is an important
precursor to estimating the extent and distribution of denitrification. Previous
investigation by the author (predominantly in the Lake Taupo catchment) and reported
in literature (e.g. Korom, 1992), shows that nitrogen is essentially absent in anaerobic
conditions below the redoxycline (where groundwater changes from aerobic to
anaerobic condition). Rates of denitrification are influenced by the availability of
electron donors and microbial populations to mediate the process. Investigation here,
however, was limited to determining the depth to the redoxycline at selected sites.

Determining the depth to the redoxycline was achieved by drilling at selected sites and
testing the corer ecover ed usi ng Childs ¢1980 ldestrided the usee of
dipyridil in ammonium acetate solution as an indicator of ferrous iron in soils. This
solution when sprayed onto drill core will produce a red colour in the presence of
ferrous ions. Redox conditions in formation are often indicated by the oxidation state of
iron with ferrous irons indicating anaerobic conditions. This testing also enables
changes in redox condition to be accounted for in subsequent monitoring well design.
Piezometers were construction to facilitate sampling to confirm groundwater chemistry.

Results

Drilling and piezometer construction was undertaken at four selected sites adjacent to
the Upper Waikato hydro-lakes. At the Little Waipa Reserve (E1833678 N5792689)
and Bulmer Landing (E1830696 N5779425) sites the redoxycline was found to be
within four metres of the water table. The redoxycline was not encountered at the
Epworth Park site (E1833427 N5791778) within the drilling depth of six metres below
the water table. Similarly there was no redoxycline encountered at HoraHora Domain
(E1796661 N5831635) within a depth of 11 m below the water table. An example drill
log for monitoring well 72_7922 is provided in Figure 5.

The opportunity was also taken to test core from 18 holes drilled in the Hamilton Basin
for site investigation and monitoring purposes under the supervision of Opus
International Consultants Ltd for Transit (NZ) Ltd. Although the depth to anaerobic
conditions below the water table was highly variable (ranging up to 50 m), it occurred
almost half the time within five metres. (doc 3411845).

Groundwater quality from the hydro-l a k e s and selected O0Transi t

analysed. This confirmed that nitrate-nitrogen concentrations were either very low or
non-detect where anaerobic conditions were indicated. The information gained
regarding the redox conditions at the sites investigated was provided to collaborators to
inform the consideration of denitrification within the respective sub-catchments.
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ENVIRONMENT WAIKATO 3 Cook St
Hamifton East, NZ
Drillhole 72_7922 Little Waipa Reserve Inland Project River Transects
Map Reference E1833678 N5792689 Date Commenced 24/3/2015
Location Little Waipa Reserve Date Completed 24/3/2015
Elevation NA Contractor Brown Bros
Logged by John Hadfield Rig Geoprobe
— =
El 3 o o £ _ Additional
'% g Lithologic Description % Well Construction Obssiistion
a 3 [
=
_______ 3 g led
0-0.16m Silt Loam: light brown, loose 7 groist 5ea
organic, soft and locked
0.16 - 0.72 m Silty sand (ash): light yellow
e 8 i ; fi .
rown, pumiceous, very fine )C )( o
e ' 110.72-0.8 m Slightly gravelly, sandy, silt: (s]esal 0210
Lttt [y brown, slightly pumiceous, soft oce. rhyolite d 4 0
~ e fgravel to 10 mm, mod. rounded >C «
it 0.8 - 1.5 m Slightly gravelly sand: Light brown E E
o .*|| grey. predom. coarse to very coarse, occ. D D
2= S - ||rhyolite gravels to 5 mm, mod. rounded, mod. (] q
S . ||sorted @ (]
2 15-2.8 m Slightly gravelly sand: very light )C ‘C
..t | grey &occ. tan iron stained, consistent, well C C
Ty sorted, mod. rounded, siliceous, minor grey >C =R
‘>O%Q0g<>< lithic thyolite W= gravel pack
SRR p d B 08to7m
Ml 70 2.8 - 3.4 m Very sandy gravel; light fawn & =] 100 mm
O“op%op?t common tan iron stained pumiceous, indistinct >C = drill-hole
*Q@.;Qgﬁ. bedding, occ. lithic rhyolite, mod. sorted, d 83
soopgooygc mod. rounded, predom very coarse sand & 4 — q
4 Q?P%ng gravel to 6 mm =N
MOSP AP A =
¢6§>Qb§> 4.8-5.05m Very sandy gravel, light d 5 K
PGP S A =
xoéﬁobﬁC grey/cream & common tan iron stained, dE=Rd
Qopﬁﬁbpfu» predom pumice to 30 mm, poor-mod rounded, >C =N
30“4-;%%4«;%( mod sorted —
ST
R 4.8 -5.05 m Gravelly sand; Light slightly (] ( SWL4.8m
“ootc ) yellow grey, siliceous ~40% pumice, occ. tan = 4 q
W *.fliron stained, v coarse with occ. gravel to 40 o
.: : A mm g )C \C
S - Jd B8 [
. |15.06 - 512 Gravel: cream &tan, pumiceous ® (] (
*.||iron stained, mod rounded 8 ] ]
i 6 b=]
B | 5.12-7.2 m Gravelly sand; light grey, ¢ d
R *.| pumiceous, gravels fo 15 mm mod. rounded, d «
i .*| consistent indistinct bedding. appearance of >C (:
i .| reworked ignimbrite ] 4
S « « 50 mmPVC
TORITOT; screen from
@%?@%2( 7.2-8.05m Sandy gravel; light grey fresh C 4 277t05.79
aniasrnd pumice, occ. rounded, poor - mod. sorted d «
; QP’Q QP"\) i : ) m
506@6:<x (reworked ignimbrite) q %
TS
§—LOSLAOTPAC ¢ ¢
el | 8.05-10.05 m Very gravelly sand: light grey 9
pumiceous, fine to v coarse & gravelsto 10 (J )
mm & occ. 40 mm, sub-mod. rounded, poorly d (i anaerobic
sorted, heavy trace charcoal at 8.5 m C (positive
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ENVIRONMENT WAIKATO 3 Cook St

Hamilton East, NZ
Drillhole 72_7922 Little Waipa Reserve Inland Project River Transects
Map Reference E1833678 N5792689 Date Commenced 24/3/2015
Location Little Waipa Reserve Date Completed 24/3/2015
Elevation NA Contractor Brown Bros
Logged by John Hadfield Rig Geoprobe
E = S Additional
= i iz s = i
:% 2 Lithologic Description g Well Construction Obsshition
a 4 [
10— (likely paleosol); grey brown, soft E
10.14 - 10.5 m Sand:; light brown grey. fine to ;
medium,, pumiceous, very well sorted d backfill 7 to
G D M15m
e 110.5 - 11.4 m Sand:; light grey, pumiceous, ]
qesiriei il fine to medium, inbedded % y
\_,g,\\, %\, 11.4 - 115 m Gravel, grey, rhyolite to 30 mm (]

mod. rounded (sufficient to halt progress)

Figure 5: Example drill log from the Little Waipa Reserve (the vertical red lines
indicates the presence of ferrous iron).
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8.1

8.2

Radon

Method

Two surveys of radon concentration were undertaken to identify longitudinal
groundwater inflows into the Pokaiwhenua and Little Waipa streams comprising ten
sites along each stream (Figure 6). The Pokaiwhenua survey was undertaken on the
18" (first four sites) and 19" of March 2015. The Little Waipa survey was carried out
on the 16" of April 2015.

Radon is a relatively dense, radioactive, colourless, odourless, tasteless noble gas,
occurring naturally as the decay product of radium. Its most stable isotope, ?22Rn, has a
half-life of 3.8 days. Atmospheric concentrations of radon are very low and it is readily
volatilised from water on exposure to air. Radon is continuously produced by
radioactive decay of ?°Rn present in formation and hence groundwater generally has
higher concentrations of 222Rn than surface water. It can therefore be used as a tracer
of groundwater input to surface waters.

Gi ven r ad o n-fe samples are reduieedl to be analysed within a few days.
Samples were taken by submerging duplicate glass bottles underwater and expelling
any air. The samples were sent to the GNS Science Ltd Water dating lab in Wellington
for analysis. Radon is measured by liquid scintillation counting using Quantulus low-
level counters. The presence of significant groundwater discharge is indicated by radon
concentrations above c. 0.5 Bqg L. A higher radon concentration indicates a higher
groundwater contribution. The detection limit for radon is approximately 0.1 Bg L. The
becquerel (symbol Bq) is defined as the activity of a quantity of radioactive material in
which one nucleus decays per second.

Groundwater quality samples were taken at the same time for analyses by Hill
Laboratories for a total of 22 determinands listed in Table 3. Temperature, conductivity
and dissolved oxygen were also measured at each site, GPS location noted and a
photograph taken (doc. 3325163). Flow was also gauged at selected locations on the
Pokaiwhenua Stream. Some of the sites were also used for water age dating using
tritium.

Results

The radon concentration results are presented in Tables 3 and 4. They are highly
variable, ranging from non-detect to 5.4 Bqg L in the Pokaiwhenua and in the Little
Waipa from 0.2 to 28.1 Bq L*. The highest two concentrations were from the
Huihuitaha (trout hatchery) Spring and the Hodderville Spring. The results generally
indicate discrete input of groundwater at specific locations (or springs). This reflects the
importance of fracture flow contribution in these Upper Waikato catchments (doc
3341680). These streams are base-flow dominated and flow through catchments
dominated by fractured ignimbrites.
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Figure 6: Radon survey sites on the Little Waipa and Pokaiwhenua Streams
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