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Abstract 
 

Over the past decade, the groundwater quantity and quality in the Hinds-Rangitata Plain (HRP) has 

continuously declined posing a serious risk to drinking water sources and waterways ecology. The aim 

of this project is to investigate and analyse the change in HRP groundwater hydrology following the 

conversion from border-dyke to spray irrigation. 

An extensive groundwater sampling program was carried out over the period of August 2016 to June 

2017. The results were compared to data from a similar sampling program carried out by Dommisse 

(2006) over the period of August 2005 to September 2006, prior to the conversion from border-dyke 

to spray irrigation. Results of the sampling program show nitrate-N concentration has increased 

substantially in groundwater, spring-fed streams and the Hinds River over the past decade. Over the 

course of this study, the average nitrate-N concentration in shallow groundwater (<30 m depth) 

ranged from 9.1 to 12.9 mg/L. Notably, in February 2017 average nitrate-N concentration in shallow 

groundwater exceeded the drinking water standard. 

From a δ18O, δ2H and δ13C analysis, HRP groundwater appears to be a system principally sourced from 

local precipitation with little evidence of recharge from alpine derived irrigation water (i.e., Mayfield-

Hinds Irrigation Scheme water). The HRP aquifer and flow in the spring-fed drains are therefore highly 

dependent on the levels of local rainfall. 

A trend analysis of historic groundwater levels was conducted using Eigen-modelling. The model uses 

a built in soil moisture deficit model that requires daily rainfall and ET data. The modelled groundwater 

levels were then compared with the observed groundwater levels, the difference indicating the 

recharge component from irrigation. Border dyke irrigation was shown to cause artificially high 

groundwater levels between the early 1980’s and mid 2000’s. The decline in groundwater levels that 

follows this artificial high coincides with major improvements to HRP irrigation efficiencies. 

A major piezometric survey was carried out during the 2016/2017 irrigation season, and compared 

with data from a piezometric survey undertaken during the 2005/2006 irrigation season by Dommisse 

(2006). The comparison shows an annual volumetric decrease in groundwater of 23.87 GL between 

2006 and 2017 and illustrates part of the downward trend in HRP groundwater levels. 

The findings from this study suggest three possible reasons that either individually or collectively 

explain the elevation of nitrate-N levels in HRP groundwater: the improvements in irrigation 

efficiencies resulted in a decline in groundwater recharge and dilution, the increased use of land for 

dairy and dairy support has resulted in increased nitrate leaching, and a volumetric decline in aquifer 

storage has resulted in reduced dilution and therefore greater nitrate-N concentrations. 
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Chapter 1: Introduction 
 

1.1 Statement of the Problem 

 

The Hinds-Rangitata Plain (HRP) is located in New Zealand on the Canterbury Plains. The HRP is bound 

by the Rangitata and Hinds Rivers, Southern Alps foothills and the Pacific Ocean. The main use of land 

on the HRP is agriculture which dates back to European settlement in the mid-1800s (Hanson and 

Abraham, 2013). Irrigated agriculture on the HRP started in 1947, with the completion of the Mayfield 

Hinds Irrigation Scheme (MHIS). The Rangitata River supplies freshwater to the MHIS from the 

Rangitata Diversion Race (RDR). The MHIS operates today as a farmer owned co-operative, delivering 

water to more than 33,000 hectares of highly productive land (MHIL, 2016; RDRML, 2016). 

Over the past fifty years the demand for water has significantly increased on the HRP. This increased 

demand is a result of changes in land use from sheep and beef to dairy farming, and the expansion of 

irrigated agriculture (Durney et al., 2014). Inadequacies in the reliability of scheme water supply (due 

to restrictions on the amount of water that could be extracted from the Rangitata River) led to the 

rapid development of drilled wells during the 1990s, as farmers sought to use groundwater either as 

a sole source of irrigation or to supplement their supply from the MHIS (Dommisse, 2006). In the past 

few years, groundwater in the HRP has become an increasingly important water source for irrigation, 

as well as domestic and stock water supply (Hanson and Abraham, 2013).  

The combination of increased groundwater abstraction and reduced groundwater recharge associated 

with conversion to spray-type irrigation is thought to have considerable impacts on groundwater 

resources (Davey, 2006c). These impacts include declining groundwater levels and drying of shallow 

wells. The flow in coastal spring-fed waterways can also be affected by groundwater abstraction and 

irrigation conversion. Reduced flow in coastal waterways poses a threat to ecological and cultural 

values that rely on sustained flow (Durney et al., 2014).  

The majority of the groundwater in the HRP is thought to come from diffuse recharge (i.e., rainfall and 

irrigation draining through the soil profile) (Dommisse, 2006; Hanson and Abraham, 2013). Diffuse 

recharge provides the mechanism for the transportation of nutrients in the soil profile to 

groundwater. Nitrate (NO-3), a water soluble compound, enters the groundwater via diffuse recharge. 

Sources of nitrate typically include fertilisers, tilling and cultivation, livestock grazing and animal 

waste, though point sources such as leaky effluent ponds are also a possible source (Scott, 2013). 

Groundwater sampling across the HRP and surface water sampling at springs and drains near the coast 

show increasing trends of nitrate concentrations from 2002 to 2012 (Hanson and Abraham, 2013; 

Scott, 2013). The maximum nitrate value found in shallow groundwater on the HRP exceeds the 

maximum acceptable value (MAV) for drinking water, as set by the Ministry of Health, and the average 

concentration of shallow groundwater exceeds half the MAV for drinking water (Scott, 2013). Deeper 

groundwater in the area typically shows lower concentrations of nitrate than shallow groundwater, 

though small increases have been observed in recent years (Scott, 2013). 
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Over the past decade, the groundwater quantity and quality in the HRP has continuously declined 

posing a serious risk to drinking water sources and waterways ecology. The aim of this project is to 

investigate and analyse the change in HRP groundwater hydrology following the conversion from 

border-dyke to spray irrigation. An extensive groundwater sampling program was carried out over the 

period of August 2016 to June 2017. The results were compared to data from a similar sampling 

program carried out by Dommisse (2006) over the period of August 2005 to September 2006, prior to 

the conversion from border-dyke to spray irrigation. An assessment of the climate over the period 

leading up to and during the two sampling events was also carried out in an effort to determine the 

degree to which climate might be influencing observed changes in hydrology. 

 

1.2 Research aims and objectives 

 

This research aims to identify changes in groundwater quantity and quality on the Hinds-Rangitata 

Plain as a result of irrigation conversion and to improve understanding of the groundwater recharge 

and discharge processes of the system. 

The objectives of this research are to: 

1. Assess changes in groundwater quantity since 2006 (i.e., prior to the conversion from border-

dyke to spray type irrigation). 

2. Assess changes in groundwater nutrients and isotopic composition since 2006. 

3. Assess changes to spring/spring fed streams since 2006. 

4. Determine the degree to which climate might be influencing observed changes in hydrology. 
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1.3 Groundwater Hydrology Basics 

 

The following section 1.3 Groundwater Hydrology Basics is based on work from Alley et al. (1999), 

Fetter (2001), Heath (2004) and Kendall and McDonnell (2006).  

An account of the world’s total water supply shows only a small percentage is available to humans as 

freshwater. Of that available freshwater, over 98% is groundwater – which is water located beneath 

the land surface. Water that is located beneath the surface can be separated into two separate zones. 

The unsaturated zone (also referred to as the vadose zone or zone of aeration), occurs immediately 

below the land surface and contains air and water that exist in voids between grains of gravel, sand, 

silt, clay and cracks within rocks. The saturated zone, which underlies the unsaturated zone, is the 

area in which all interconnected openings are full of water. Water in the saturated zone is the only 

water to which the term groundwater can be applied. 

The unsaturated zone can be separated into three parts; the soil zone, intermediate zone and capillary 

fringe. The soil zone extends from the land surface to the end of the zone that supports plant growth. 

This is typically a meter or two in depth. Porosity and permeability in the soil zone are typically higher 

than the underlain intermediate zone. The intermediate zone differs in thickness depending on 

thickness of the soil zone and depth to the capillary fringe. The capillary fringe is the area in which 

groundwater seeps upwards from the water table, driven by capillary forces to fill pores (Figure 1.1). 

The water table is the point in the saturated zone at which hydraulic pressure and atmospheric 

(barometric) pressure match. This is illustrated by the water level of the well in Figure 1.1. Hydraulic 

pressure below the water table increases with depth. 

 

Figure 1.1 Saturated and unsaturated zones (Heath, 2004) 
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1.3.1 Aquifers – What are they? 

 

An aquifer is a geological unit that can store and transmit water at rates fast enough to supply 

reasonable amounts to wells and springs. Wells can be drilled into aquifers and used for groundwater 

abstraction. Precipitation provides the mechanism to add water (recharge) into the porous aquifer 

materials, though the rate of recharge differs between aquifers. Typical geological units of known 

aquifers include; unconsolidated sands and gravels, sandstones, limestones, basalt flows, and 

fractured plutonic and metamorphic rocks.  

Aquifers can be situated close to the land surface in which continuous layers of highly permeable 

material extend from the base of the aquifer to the land surface (Figure 1-2). This is referred to as an 

unconfined aquifer which can receive recharge from seepage through the vadose zone, lateral 

groundwater flow and upward seepage. 

Geological units with little or no permeability can overlay an aquifer. A unit with low permeability 

above an aquifer is referred to as a confining layer. Confining layers can be separated into three sub-

classifications: aquifuge, an impermeable layer that cannot transmit water; aquiclude, a saturated 

layer that can store water but not transmit it; and aquitard, a layer of low permeability that can store 

and transmit water slowly. An aquifer that is separated by confining layers above and below the 

aquifer is referred to as a confined aquifer. Recharge to confined aquifers typically occurs where the 

aquifer outcrops (i.e., where the confining layer no longer overlays the aquifer). Additional recharge 

may also occur through seepage from a leaky confining layer. 

 

 

Figure 1.2 Confined and unconfined aquifers (Heath, 2004) 

  



5 
 

1.3.2 Aquifer properties 

 

Quantitative evaluation of aquifer potential can only be made after a number of basic aquifer 

parameters have been defined. These parameters are described throughout this section. 

Porosity 

The porosity (n) of a geological unit is the percentage of the rock or soil that is void of material. The 

void space is first established at the time of formation. Mechanical and chemical weathering can 

further change the amount of void space within a rock, as can tectonic movement causing rocks to 

fracture and open up additional void space. Groundwater and soil moisture occurs within the porous 

voids of consolidated and unconsolidated rock. Thus, fractures, voids and pore space of an aquifer is 

of importance in the study of hydrogeology. Porosity can be defined mathematically by the equation: 

V

V
n V100
       (1.1) 

Where: 

 n   = porosity (percentage) 

 VV = volume of void space in a unit volume of earth material [L3] 

 V  = unit volume of earth material, including both voids and solids [L3] 

The porosity of a geological unit varies based on the composition. Grain size, grain shape, grain-size 

sorting, and the way in which sediments are packed influences porosity. Table 1-1 shows the expected 

ranges of porosity for common sediment types. 

 

Table 1.1 Porosity ranges for sediments (Fetter, 2001) 

Material Porosity Range 

Well-sorted sand or gravel 25-50% 

Sand and gravel, mixed 20-35% 

Glacial till 10-20% 

Silt 35-50% 

Clay 33-60% 
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Hydraulic conductivity  

Hydraulic conductivity (𝐾), also referred to as the coefficient of permeability, is a property of soil and 

rock that describes how easily fluid (water) can move through pore spaces and fractures. Hydraulic 

conductivity depends on the size and structure of the water-transmitting openings i.e., pores and 

fractures, and the characteristics of the fluid i.e., viscosity and density. 

Hydraulic conductivity uses units of distance over time (e.g., m/s, ft/day). Higher values indicate 

permeable material that water can more easily pass through, whereas lower values indicate less 

permeable material. These values differ between various geological units in orders of magnitude 

(Figure 1-3) and can also differ between certain parts of the same geological unit. If the hydraulic 

conductivity is relatively uniform in a given area of an aquifer, the aquifer can be described as 

homogeneous. Conversely, if hydraulic conductivity differs from one part to another the aquifer is said 

to be heterogeneous.  

Hydraulic conductivity can be different in different directions within an aquifer. If the hydraulic 

conductivity is essentially the same in all directions, the aquifer is considered isotropic. If the hydraulic 

conductivity is different in different directions, the aquifer is considered anisotropic. Hydraulic 

conductivity found in most rock types, in particular unconsolidated rocks, is typically greater in the 

horizontal direction than the vertical direction.  

 

Figure 1.3 Hydraulic conductivities of select rocks (Heath, 2004) 
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Transmissivity 

Transmissivity (T) is the rate in which groundwater can be transmitted horizontally through an aquifer. 

Transmissivity is related to the hydraulic conductivity and the saturated thickness of the aquifer as 

follows: 

KbT       (1.2) 

Where: 

T = transmissivity [L2/T] 

K = hydraulic conductivity [L/T] 

b = saturated thickness of the aquifer [L] 

Storage 

Specific storage (SS), also referred to as the elastic storage coefficient, is the amount of water that a 

unit volume of aquifer will expel from storage per unit decline in head. This concept can be applied to 

aquifers as well as confining units. Specific storage relates to the compressibility of the water and the 

aquifer, and is represented mathematically as: 

)(  ngS wS         (1.3) 

Where: 

 

pw = density of the water [M/L3] 

g  = acceleration of gravity [L/T2] 

α  = compressibility of the aquifer skeleton [1/(M/LT2)] 

n  = porosity [L3/L3] 

β  = compressibility of the water [1/(M/LT2)] 

 

Storativity, also referred to as the storage coefficient, is defined as the volume of water that is either 

absorbed or released from storage per unit surface area per unit change in head. In an unconfined 

aquifer this is shown mathematically as: 

bSSS SY        (1.4) 

Where: 

S  = storativity [dimensionless] 

Sy = specific yield [dimensionless] 

SS = specific storage [1/L] 

b  = saturated thickness of the aquifer [L] 
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In a confined aquifer, equation (1.4) would not include the specific yield (Sy) component. This is 

because lowering of the water table in an unconfined aquifer results in the additional of water through 

gravity drainage.  

Groundwater storage can be divided into the part that will drain from a rock under gravity (specific 

yield), and the part that is retained due to the surface tension of water causing the water molecules 

to cling to the surface of grains within a rock (specific retention). Specific yield, also known as drainable 

porosity, is defined as the ratio of the volume of water that a saturated rock or soil will yield by gravity 

to the total volume of the rock or soil. Specific retention (SR) is the ratio of the volume of water a rock 

can retain against gravity drainage to the total volume of the rock. Because specific yield represents 

the amount of water that will drain from a rock due to gravity drainage, and specific retention the 

remainder, porosity can be calculated by combining the sum of the two: 

RY SSn        (1.5) 

The moisture that clings to sediment particles is referred to as pendular water. In two rock units with 

the same porosity but different average grain size, the surface area of the finer grained rock unit will 

be larger. As a result, more water can be stored as pendular moisture by the finer grained rock unit. 

Table 1-2 was compiled based on a collection of samples from various locations. It lists the specific 

yield in percent for a number of sediment types. The highest maximum specific yield is shown to occur 

in sediments between 0.5 – 1mm (coarse sand-sized range).  

Table 1.2 Specific yields in percent (Johnson, 1967) 

Material Maximum Specific Yield 
Minimum 

Average 

Clay 5 0 2 

Sandy clay 12 3 7 

Silt 19 3 18 

Fine sand 28 10 21 

Medium sand 32 15 26 

Coarse sand 35 20 27 

Fine gravel 26 13 23 

Medium gravel 26 13 23 

Coarse gravel 26 12 22 

 

The volume of water drained from an aquifer when there is a known change in head can be 

calculated using: 

hSAVw         (1.6) 

Where: 

Vw = the volume of water drained [L3] 

S   = the storativity [dimensionless] 

A  = the surface area overlying the drained aquifer [L2] 

Δh = average change in head [L] 
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1.4.3 Darcy’s law 

Darcy’s law describes how fluids flow through porous media or reservoirs under laminar flow 

conditions. Darcy’s law can be expressed mathematically using the equation: 

)(
dl

dh
KAQ       (1.7) 

Where: 

Q = discharge or flow [L3/T] 

K = hydraulic conductivity [L/T] 

A = cross sectional area through which flow occurs [L2] 

dh = difference in between two hydraulic heads [L] 

dl = different in flow path length [L] 

Darcy’s law and a number of practical and theoretical derivations from the Darcy’s law can be useful 

for quantitative work in hydrology. For example, calculating the rate of groundwater movement is an 

important aspect of water resource management, particularly in relation to groundwater 

contamination. Darcy’s law can be combined with the velocity equation of hydraulics to give 

groundwater velocity: 

dl

dh

n

K
v        (1.8) 

Where: 

v  = apparent groundwater velocity [L/T] 

K = hydraulic conductivity [L/T] 

n  = porosity [L3/L3] 

dh = difference in between two hydraulic heads [L] 

dl = different in flow path length [L] 

1.3.4 Hydraulic head and the direction of groundwater flow 

 

The slope of the water table or potentiometric surface indicates the direction of groundwater 

movement. The position and direction of the slope can be determined by measuring the depth of the 

water from a fixed point (e.g., well casing), relative to a datum plane. Two or more different 

wells/bores are required to indicate the direction of groundwater flow (Figure 1.4).  
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Figure 1.4 Groundwater slope as indicated by change in head (Heath, 2004) 

 

Measuring the depth-to-water in observation wells provides the hydraulic head (sometimes referred 

to as total head) – that is the sum of the elevation and pressure head (Equation 1.9). Points of equal 

hydraulic head can be connected between wells, referred to as equipotential lines. The equipotential 

lines represent the height of the water table or potentiometric surface above the datum. Because 

groundwater moves in the direction of the least hydraulic head, flow lines run perpendicular to the 

equipotential lines in isotropic aquifers (Figure 1.5).  

 

Figure 1.5 Graphical method for determining potentiometric surface (Fetter, 2001) 

 

Mathematically, hydraulic head is shown as: 

phzh        (1.9) 

Where: 

 h = hydraulic head [L] 

 z = elevation head [L] 

 hp = pressure head [L] 
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1.3.5 Recharge and discharge processes 

 

Groundwater recharge and discharge processes are an important aspect of the hydrologic cycle. 

Recharge occurs when precipitation that falls on permeable ground surfaces passes through the 

unsaturated zone and drains into the groundwater system. Recharge also occurs from surface water 

features such as losing streams and lakes. In addition to natural recharge, artificial recharge can occur 

as a result of deliberate or inadvertent human activity (i.e., groundwater injection or irrigation).  

Water that has drained into the saturated groundwater system typically moves slowly as groundwater 

flow until it discharges from the system as a spring, or as seepage into a gaining stream, river, lake or 

ocean (Figure 1.6). Groundwater can also be artificially discharged when it is abstracted for human 

use, typically in the form of well pumping. Subsurface water may also be lost to the atmosphere 

through evaporation and transpiration, but these processes are formally considered separate to 

discharge. Evaporation typically occurs in open water bodies such as lakes and oceans but can also 

occur from precipitation that has been captured by vegetation, the upper soil profile, and water 

detained in land-surface depressions. Direct evaporation of groundwater can also occur when the 

water table is at or near the land surface. Additionally, moisture is continuously moving up through 

plants, and returned to the atmosphere as vapour in a process called transpiration. The evaporation 

from land surfaces and transpiration from plants are combined together as evapotranspiration (ET). 

 

Figure 1.6 Hydrologic cycle (Heath, 2004) 
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1.3.6 Groundwater budgets 

 

A water budget, or water balance, is an account of the inflow, outflow and storage change in a 

hydrologic unit such as an aquifer. In predevelopment conditions (i.e., prior to anthropogenic changes 

to a landscape), a groundwater system is generally considered to be in long-term equilibrium: 

Recharge (input) – Discharge (output) 0   (1.10) 

Human activities change the predevelopment flow system by extracting water (well pumping), 

irrigating, modifying the vegetation and through urban development, among other activities. These 

changes must be accounted for in the calculations of the groundwater budget. An example that 

includes groundwater abstraction would look like:  

Recharge (input) – Discharge (output) – Pumping (output) Change in storage (1.11) 

Table 1.3 provides a list of possible groundwater budget components: 

Table 1.3 Possible sources of water entering and leaving a groundwater system under developed conditions. Modified from 
Alley et al. (1999) 

Inflow (Recharge) Outflow (Discharge) 

Rainfall Groundwater abstraction 

Losing surface water features Evapotranspiration 

Inadvertent recharge (e.g., irrigation) Spring flows 

Deliberate recharge (e.g., direct injection) Outflow to ocean  
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Chapter 2: Literature Review 
 

2.1 Introduction 

 

The major aim of this study is to identify changes in groundwater quantity and quality resulting from 

irrigation conversion on the Hinds-Rangitata Plain (HRP). A comprehensive literature review was 

therefore conducted: 

 to gain an understanding of the physical setting of the HRP 

 to quantify the changes in land use and irrigation practises on the HRP 

 to understand how irrigation conversion might influence groundwater quantity and quality 

 to identify local groundwater recharge and discharge processes 

 to identify HRP aquifer characteristics 

 to understand how stable isotopes can be used as tracers to identify groundwater processes 

 to understand nutrient sources, processes and pathways; and 

 to identify long term water quality trends 

 

2.2 Case Study Area 

 

The study area of 580 km2 extends inland from the east coast of the South Island, New Zealand to the 

town of Mayfield. The study area is situated within the HRP, which is bound by the Hinds River to the 

north and the Rangitata River to the south, and includes the entire Mayfield Hinds Irrigation Scheme 

(MHIS). The Hinds Rangitata Plain exists within the larger Hinds Plain, which extends from the 

Rangitata River to the Ashburton River. The study area was selected based on previous research from 

Dommisse (2006), who was one of the first to research the HRP hydrogeology, and the hydrological 

impacts of the MHIS. Dommisse selected the study area in order to capture groundwater recharge 

from the MHIS. Consequently, the inland boundary does not extend all the way to the foothills (and 

therefore does not cover the entire HRP) (Figure 2.1).  

The study area exists within the Mayfield-Hinds groundwater allocation zone, established in Plan 

Change 2 to the Canterbury Land and Water Regional Plan (LWRP).  

 

2.3 Physical Setting 

 

The Canterbury Plains are a series of coalescing glacial outwash and alluvial fans comprised of 

Quaternary gravels (Wilson, 1985). Groundwater within the gravels flows from the foothills of the 

Southern Alps to the coast, often emerging as springs or creeks (Dommisse, 2006). The distance from 

the coast to the foothills is approximately 50 kms and ranges in elevation from sea level to 400 m.  
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Figure 2.1 – Hinds-Rangitata Plain and Mayfield Hinds Irrigation Scheme boundary (Dommisse, 2006) 
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2.3.1 Climate 

 

The majority of rainfall on the HRP is associated with cold south-westerly or easterly winds and less 

frequent north-westerly winds (Sturman, 1986). Rainfall is distributed quite evenly throughout the 

year (Hanson and Abraham, 2013) with the driest period typically occurring in May and the wettest 

period occurring in September (Figure 2.2.). ET typically exceeds precipitation during the summer 

period, averaging 5 mm/ha/day during the summer with rates as high as 7.5 mm/ha/day not 

uncommon (Dommisse, 2006). As a result, extensive irrigation is required to maintain adequate soil 

moisture levels during the irrigation season (Mosley, 2001). 

 

Figure 2.2 Annual average rainfall and evapotranspiration on the HRP (Dommisse, 2006) 

 

The National Institute of Water and Atmospheric Research (NIWA) virtual network shows the annual 

average rainfall isohyets on the HRP (Figure 2.3). Average annual rainfall increases from the coast 

(614mm) to the foothills (950mm). The data is based on spatial interpolation from physical stations 

(Durney et al., 2014). A comparison of the synthetic rainfall isohyets with average annual rainfall 

isohyets based on six physical rainfall sites from Dommisse (2006a) showed similar spatial variation. 
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Figure 2.3 - Annual average rainfall isohyets on the Hinds Plains (Durney et al., 2014) 
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2.3.2 Soils 

 

The HRP soils have developed over permeable gravel fans. Soils within the MHIS consist primarily of 

the Lismore soil type, which is a shallow (<200mm deep), free draining stony silt loam with low water 

holding capacity (profile available water (PAW) of ≈ 65mm). This soil type is prone to drought in the 

summer and requires extensive irrigation (Dommisse, 2006; Hanson and Abraham, 2013). Soils on the 

upper HRP are mostly the Ruapuna soil type, which is a stony silt loam with boulder clasts and a PAW 

of ≈ 70mm (Figure 2.4). Soils that run parallel to the Hinds River, and within the former Hinds Swamp 

near the coast, are typically peaty and organic rich as a result of the consistently high water table. 

Subsoils in the vicinity are typically stained with iron oxide (Mitchell, 1980). Due to a combination of 

a lower fan gradient near the coast and a higher water table, the heavier soils can become water 

logged following large rainfall events (Dommisse, 2006). 

 

Figure 2.4 - Average profile available water (PAW) for the Hinds-Rangitata Plains (Dommisse, 2006)  
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2.4 Land Use 

 

The HRP has a history of agriculture use since early European settlement. The type of land use in the 

area is influenced by a number of factors including soil type, rainfall, accessibility to water, economics 

(i.e., relative market prices), environment, technological advances, education and community 

expectations (Dodson, 2006; Dommisse, 2006). Dodson (2006) conducted an extensive land use survey 

of the HRP and classified six major land use types: 

Table 2.1 Major land use classes and definitions (Dodson, 2006) 

Land use Criteria Example 

Dairy Predominately milking cows +/- minor amount of 
other stock or crop. With a milking shed on the 
property 

Milking cows and winter 
feed. With a run off block. 

Dairy 
Support 
 

Predominately milking cows +/- minor amount of 
other stock or crop. Without a milking shed on 
the property. 

Milking cows and winter 
feed. 

Arable Predominately cash crop +/- minor amount of 
stock or crop 

Blackcurrants and sheep. 

Mixed 
Farming 

Cash crop and stock. 
 

Sheep, Deer, winter feed 
and Cash Crop 

Pastoral Predominately stock +/- minor amount of winter 
feed or crop. 

Beef or Deer farming or a 
combinations of Sheep, 
Beef, Deer, Pig, Bull farming 

Sheep Predominately Sheep farming +/- minor amount 
of other stock or crop. 

Sheep and winter feed. 

 

In 1976, sheep farming and mixed farming made up 74% of total land used within the MHIS. By 2006, 

these two land use types had declined to 23% of total land used. During the same period, dairy farming 

grew from 2% to 34%, a result of MHIS development and increased market demand for dairy products 

(Durney et al., 2014). The other land use change associated with dairy farming is dairy support, which 

provides supplementary grazing to herds. Dairy support increased from 0% in 1986 to 5% in 2006 

(Table 2.2) (Dodson, 2006). The distribution of major land use types as of April 2006 can be seen in 

Figure 2.5. 

 

Table 2.2 Changes in land use from 1966-2006 using 1966 total as base values. Adapted from (Dodson, 2006). 

 Dairy Dairy 
support 

Arable Mixed Pastoral Sheep 

% of land 1966 5.17% 0.00% 6.90% 41.38% 20.69% 25.85% 

1976 -0.41% 0.00% -0.94% 3.33% -3.04 0.02% 

1986 10.05% 0.00% 2.20% -7.94% 2.94% -6.67% 

1996 6.24% 2.33% 0.57% -5.95% 6.74% -9.82% 

2006 13.83% 2.33% -1.16% -12.21% 2.33% -4.65% 

Average rate of +/- 7.43% 1.16% 0.17% -5.69% 2.24% -5.30% 

% of land 2006 34.88% 4.65% 7.56% 18.60% 29.65% 4.65% 
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Figure 2.5 - Land use type on the Hinds-Rangitata Plain as of April 2006 (Dodson, 2006) 
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The most recent land use data for the MHIS area comes from the 2015/2016 Farm Environment Plan 

(FEP). The results show dairy (62%) and dairy support (26%) now make up the vast majority of total 

land use (Figure 2.6). A comparison of land use with Dodson (2006) shows a significant change in dairy 

(+27%) and dairy support (+21%) over the past decade. 

 

Figure 2.6 – Land use within the MHIS boundary derived from the 2015/2016 Farm Environment Plan 

 

2.4.1 Mayfield Hinds Irrigation Scheme and irrigation development over time 

 

The MHIS is the largest privately owned irrigation scheme in New Zealand, supplying water for a 

contracted area of approximately 36,000 ha. It is situated alongside two other community supply 

schemes: Valetta (7,000 ha) and Ashburton-Lyndhurst (25,000 ha) (Figure 2.7) (MHIL, 2016). Two 

smaller irrigation schemes, Lynford (541 ha) and Eiffelton (2,290 ha), also operate on the Hinds Plain. 

Rather than using RDR water for irrigation, their supply is sourced from the Hinds River, local drains 

and groundwater (Dommisse, 2006).  

The MHIS sources freshwater from the Rangitata River via the RDR. It then distributes through the 

main race, five lateral channels, and a network of on-farm delivery races. The scheme has a maximum 

allowance of 16,650 L/s (via the RDR) and distributed to shareholders at rates ranging from 28L/s to 

300L/s (MHIL, 2016).  

The irrigation season spans from September to May (242 days) with restrictions imposed when the 

Rangitata River and/or Ashburton River reach minimum flows. A 6.1M m3 water storage facility was 

commissioned and became operational during the 2015/2016 irrigation season in order to improve 

the scheme’s reliability of during dry spells. At the time of writing, additional water storage of 

approximately 30M m3 was proposed for development in the Klondyke area (MHIL, 2016). 

Dairy
62%

Dairy support
26%

Sheep
4%

Beef
2%

Arable
5%

Deer
1%
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Figure 2.7 – Rangitata Diversion Race and community irrigation schemes (RDRML, 2016) 
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The MHIS was originally built by the Ministry of Works and Development and began delivering water 

in 1948. Initially, the demand for irrigation water was slow and mostly in the form of wild flooding and 

manual border-dyke. By 1976 the MHIS was supplying approximately 27% of its allocated water. 

Demand increased rapidly over the next decade and by 1985 close to 100% of the total irrigable area 

was used. Neighbouring schemes followed a similar trend (Vincent, 2004; Dodson, 2006). 

 

Figure 2.8 - Percentage irrigated of the total irrigable area from 1944 to 1999 (Vincent, 2004) 

 

The scheme is consented to irrigate from September 10th to May 10th (243 days). But often irrigation 

isn’t needed for the first few weeks of the season due to high soil moisture content. 

The scheme was originally designed to deliver 5 mm of irrigation daily to 22,599 ha. Rates of less than 

5 mm/ha/day are inadequate during periods of high ET in summer. Restrictions on river water take 

during periods of high ET led to the inability to meet daily water requirements. The unpredictability of 

surface water supply and a transition towards higher water demand land uses such as dairy farming 

(Flemming and Flemmer, 2010) were the catalyst for groundwater development (Dommisse, 2006). In 

addition, over the past 20-25 years many farmers began using on-farm irrigation ponds. These ponds 

are supplied by either MHIS water or a combination of MHIS water and groundwater and enable 

farmers to irrigate when river restrictions are in place. 
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2.4.2 Groundwater development over time 

 

The earliest record of a drilled well was taken in 1932. Between 1930 and 1990 approximately 56 

shallow wells (<40 m) were drilled with a relatively even distribution over the HRP. Significant well 

development began during the 1990s (Figure 2.9), making greater use of deeper groundwater sources. 

The increase in well development since the 1990s matched the conversion of dryland farming to 

farming practises that required a reliable supply of irrigation water.  

 

Figure 2.9 - Number of wells drilled by decade on the HRP 

 

As of May 2006, Dommisse (2006) found 66% of all groundwater wells within the HRP were shallow 

(<30 m depth), 23% were between 30 m and 100 m and 11% deeper than 100 m. The majority of 

shallow wells were located between State Highway 1 and the coast, less than 20 m in depth. A small 

but significant number of wells of between 40 m and 90 m in depth were located between SH1 and 

the coast. Inland of SH1, a greater percentage of deeper wells occurred (i.e., 40 m to 170 m). The 

deeper wells inland of SH1 relate to the deepening of the water table. 

As of May 2017, there were 658 active wells within the HRP, of which 343 were used for irrigation and 

137 used for a combination of stock-water and domestic supply. Shallow wells accounted for 44% of 

all active wells, 38% were between 30 m and 100 m and 18% were deeper than 100 m (Canterbury 

Maps, 2017).  
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2.4.3 Irrigation methods and their development over time 

 

The land use type and size of a farm has a strong influence on the total irrigated area and type of 

irrigation method used. Different irrigation methods have different application efficiencies (AE). AE is 

defined as the net volume of water stored in the root zone (generally 700 mm depth) divided by the 

volume of water applied to the crop (mm) (Burt et al., 1997). Water not stored within the crop root 

zone is assumed to recharge groundwater.  

Border-dyke irrigation, also known as flood or canal irrigation, is a low-cost irrigation method that 

involves temporarily damming a water race (i.e., a canal containing water diverted from a river or 

storage pond) and then opening a ‘border’ so that irrigation water can spill onto pasture. Border-dykes 

have a relatively low AE (30-60 %) (Duncan et al., 1985; Stronge, 2001) and vary in AE with older or 

newer style border-dyke systems. Border-dykes provide greater quantities of water than what the soil 

can hold, resulting in large amounts of irrigation water passing through the root zone into the 

underlying groundwater table (Srinivasan et al., 2016).  

Spray irrigation applies water through sprinkler heads or nozzles, typically at a uniform rate, resulting 

in a reduced loss of irrigation water to groundwater, compared to border-dyke irrigation (Lincoln 

Environmental, 2002; Davey, 2006c). The term ‘spray irrigation’ describes a number of different 

irrigator types. In the Ashburton District the major spray irrigator types are the pivot, lateral, gun, 

Roto-Rainer and K-line, each with some variation of AE (Table 2.3). 

Table 2.3 - Irrigated area of the Ashburton District and application efficiency by irrigator type (Brown, 2016) 

Irrigator 
type 

Pivot Lateral Gun Roto-
Rainer 

Linear 
boom 

K-line Border-
dyke 

Other Unknown 

Application 
efficiency % 

80-90 50-85 50-75 30-60 - - 

Irrigated 
area % 

43.9 11.3 4.1 22.3 2.6 3.4 5.6 0.4 6.0 

 

Irrigation practices within the MHIS have undergone rapid change in the past decade. During the 

2005/2006 irrigation season, 76% of irrigated land was by border-dyke and 24% by spray type 

irrigation (Dommisse, 2006). During the 2015/2016 irrigation season, 96% of irrigated land was by 

spray type irrigation and the remaining 3% by border-dyke (Figure 2.10).  

On the Hinds Plain, border-dyke recharge has been shown to cause groundwater levels to rise, and 

increase the flow from springs to groundwater supplied drains (Dommisse, 2006; Davey, 2006c; 

Thorley et al., 2010). On the HRP, the recharge water was historically used by groundwater and surface 

water abstractors (from the drains and the Hinds River) for irrigation, domestic and stock-water 

supply. The aforementioned researchers predicted that future improvements to irrigation efficiency 

would result in reduced groundwater recharge, groundwater levels, spring flows and water availability 

for collateral irrigation. 
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Figure 2.10 - (Left) Irrigated area by irrigator type in 2005/2006 (Dommisse, 2006; Dodson, 2006) (Right) Irrigated area by irrigator type derived from 2015/2016 Farm Environment Plan. Some land parcels are unknown.
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2.5 Geology and Geomorphology 

 

2.5.1 Regional setting 

 

The HRP is situated within the Canterbury Plains, which extends from Timaru to Waipara and from the 

coast to the foothills of the Southern Alps. The basement rock are Late Palaeozoic to Mesozoic in age 

and consist of alternating sandstone and mudstone, with minor conglomerates from the Torlesse 

super group. The Torlesse Basement was unconformably overlain by a Tertiary age transgressive-

regressive sequence of coal bearing conglomerates, marine sandstones and limestone with basalt 

intrusions (Barrel et al., 1996). Following this period of deposition, erosion removed much of this 

sequence allowing Quaternary deposits, including glacial, fluvial and colluvial sediments to rest 

directly on the Torlesse basement (Barrel et al, 1996).  

Around 5 million years ago, erosion from the developing Southern Alps produced deposits of clay, silt, 

sand and gravel. The gravels consist mostly of Mesozoic greywacke eroded from the Southern Alps 

and deposited by braided alpine rivers during the fluctuating climate of the Quaternary (Wilson, 1985). 

The resulting formation is heterogeneous in structure and deposited unconformably on the basement 

rock. The alluvial gravel sediments reach depths of over 600 m, as shown by a bore log record from a 

deep oil exploration well (K37/1225) 5 km east of Ealing (Figure 2.11) (Brown and Weeber, 2002). Unit 

thickness of the alluvial derived sediments is estimated at 1 km (Hicks, 1989). Elsewhere on the 

Canterbury Plains, gravel thicknesses of 545 m, 413 m, and 355 m have been recorded.  

 

2.5.2 Hinds-Rangitata Plain Late Quaternary deposition history 

 

The majority of strata within the HRP were formed 10 to 400 thousand years ago, during a period of 

<10 mm uplift in the Late Quaternary (Barrell et al., 1996). Large glaciers once occupied the Rangitata 

and Ashburton river valleys, extending to the eastern edge of the foothills (Barrell et al., 1996). 

Variation in the lateral spread of the Rangitata and Ashburton rivers during these glacial periods 

resulted in a complex series of overlapping outwash fans (Brown and Weeber, 2002). During the 

retreat and post glacial periods, vegetation established at higher altitudes reducing erosion rates. As 

a result, reduced sediment loads and tectonic uplift caused the Rangitata and Ashburton Rivers to 

entrench into the glacial outwash deposits (Figure 2.11) (Leckie, 1994).   

In contrast to the fan building Rangitata River, the Hinds River reworked the sediment originally 

deposited by the Rangitata and Ashburton Rivers, depositing clay, silt and fine material within the 

depression between the Rangitata and Ashburton Rivers (Mitchell, 1980). Sedimentary deposits from 

the Hinds River are better sorted and locally fine in comparison to sediments associated with the 

Rangitata River (Oliver, 1946). Postglacially, the Hinds River flowed into a swamp below SH1 forming 

an ironstone that was less permeable than the adjacent gravels (Sanders, 1996). 
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Figure 2.11 - Glacial and post glacial fan deposits (Dommisse, 2006) sourced from (Institute of Geological and Nuclear 
Sciences, 2001) 
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2.5.3 Hinds-Rangitata Plain geomorphology 

 

Most of the gravels on the Rangitata Fan surface are either massive or poorly stratified with a silty 

sandy matrix. Small amounts of limestone and volcanic rock are also present in the gravels. These red 

and green clasts originate from the Mt Somers Volcanics and are described in a number of drills logs 

within the HRP. Well K37/1679 and K37/1500 revealed the presence of red clasts at 64 m, 75 m and 

80 m depth. The presence of these volcanic clasts indicates they were eroded during gravel formation. 

Well locations are identified in Figure 2.11. 

Barrell et al. (1996) provides the most detailed geomorphic description of the HRP (Figure 2.12). Five 

groups were identified based on deposition from the Rangitata River from oldest (RG5) to youngest 

(RG0). RG5 gravels extend from the base of the foothills to the township of Hinds, tapering in at both 

ends. The gravels consist of indurated, slightly weathered clasts with clay coatings. Clasts greater than 

8 cm in diameter are common in this area. RG4 gravels extend from the foothills to the coast. The 

surface pattern can be characterised as relict braided river channels similar to the Rangitata River. The 

clasts are poorly sorted, indurated iron-stained and un-weathered to slightly weathered. The matrix 

is a silty matrix and iron or clay cemented at points. Sand and gravel lenses make up approximately 

25% of the deposits. RG3 gravels occur in a small pocket on the coastal side of Coldstream and the 

matrix and clast compositions are the same as RG4. RG2 gravels occur in a fan shape near Coldstream. 

The matrix and clast are the similar to RG4. RG1 represents a degradational surface produced during 

a postglacial period and occurs alongside the Rangitata River. RG0 represents the current river 

deposits. Both RG1 and RG0 are grey, indurated, unweathered and occur within a sandy matrix. 

Barrell et al. (1996) also provides two groups based on deposition by the Hinds River (Figure 2.12). 

HD1 is located adjacent to the Hinds River and extends from the Mayfield Township to Surveyors Road. 

It is thought that gravels were deposited by the Hinds River in a narrow braided river bed, with the 

flow concentrated to large single channels. Higher soil water holding capacities around this area 

suggest that deposition of fine over-bank sediment was common during flood events. HD2 is located 

adjacent to the Hinds River and extends from Surveyors Road to the coast. The surface is characterised 

by small, narrow, meandering, relict channels.  
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Figure 2.12 - Surface geology of the Hinds Plains based on age (RG5 oldest, RG0 youngest) (Dommisse, 2006) modified from 
Barrel et al. (1996). 
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2.8 Hydrogeology and Surface Hydrology 

 

Aquifers throughout the Canterbury Plains generally occur within more permeable interglacial 

sediments and the aquitards within less permeable glacial sediments (Lough and Williams, 2009; 

Wilson, 1985). The geometry of the Canterbury Plains is poorly understood outside of the Christchurch 

aquifer system (Davey, 2006c).  

Within the HRP, groundwater generally flows from north-west to south-east, from the foothills to the 

coast. The groundwater system can be conceptualised as a gravitationally driven, flow system (Durney 

et al., 2014). Wilson (1973) describes broad-scale layering within the gravels.  Davey (2006a) and 

Dommisse (2006) defined separate aquifers using the Environment Canterbury well database to 

produce histograms of the geology using bore log descriptions and well details (e.g., screen 

distributions). The results suggest the presence of 3 separate aquifers; the first at a depth of between 

15 and 40 m; the second at a depth of between 40 and 85 m; and the third at a depth of between 90 

and 150 m. What appears to be a thick aquitard separates aquifer one and two. More recent research 

by Hanson and Abraham (2013) used groundwater chemistry sampled from 90 wells to identify 

groundwater flow direction. The results showed that at a regional scale, the Quaternary gravels 

behaved as a single hydrogeological system, without the significant layers as found in other parts of 

Canterbury. Locally, semi-confined (leaky) conditions are encountered, with confinement increasing 

with depth. Durney et al. (2014) described how bore log data maintained by Environment Canterbury 

did not indicate regionally significant confining layers.  

It is thought that the vast majority of groundwater within the aquifer system occurs within coarse 

gravel channels (Dann et al., 2008). Bore logs from the HRP often describe clean, water bearing gravels 

with some iron staining. The gravels were found to have a vertical thickness ranging from centimetres 

to less than a metre and width of less than a metre to a few metres wide (Hanson and Abraham, 2013). 

Permeable layers of poorly connected and laterally discontinuous lenses were described by Davey 

(2006a) in outcrops across the HRP, likely having formed from the erosion of larger remnant channels. 

The discontinuations of the lenses can be seen in Figure 2.13 and 2.14. These discontinuations might 

explain why drillers reportedly struck water at shallow depths, yet 30-40 m away had to drill far deeper 

to strike water again (Oliver, 1946). 
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Figure 2.13 (A) Free, iron stained gravel lenses in massive sandy gravel (Lowcliffe cliffs). (B) Free, iron stained gravels overlain by claybound gravels. (C) Dry permeable gravel lense from a pit 30km inland from the Ashburton coast. (D) Link between two permeable lenses (Lowcliffe cliffs). 
(E) Short stacked permeable lenses (Lowcliffe cliffs). (F) Iron stained gravel lense underlain by clay and claybound gravels. (G) Continuous sand lenses. (Dommisse, 2006) sourced from (Davey, 2006a) 
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Figure 2.14 – (A) Iron stained gravel lenses overlaying claybound and massive sandy gravels (Lowcliffe cliffs). (B) Iron stained gravel lenses separated by claybound gravels. (C) Claybound gravels. (D) Gallery K37/2801 10 km inland from the Lowcliffe coast, shows dry and flowing 
permeable lenses. (E) Gallery K37/1646 10 km inland from the Lowcliffe coast, with flowing permeable lenses. (F) Gallery K37/1893 30 km inland from the Ashburton coast shows flowing permeable lenses. (G) Tightly compacted gravels at 4 m depth. (Dommisse, 2006) sourced from 

(Davey, 2006a) 
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2.8.1 Aquifer parameters 

 

Dann et al. (2008) used a combination of pump test data and tracer test data to gain a greater 

understanding of hydraulic properties and flow geometry in heterogeneous aquifer systems. The 

study was conducted on the Canterbury Plains at Burnham. The results from pump testing and tracer 

testing showed an average of 100 m/day and 93 m/day respectively. Hydraulic conductivity observed 

along preferential flow channels using tracer test analysis was 8,400 m/day. The study concluded that 

2% of flow occurred through the sandy gravel matrix, and 98% occurred in the highly permeable gravel 

channels.  

Durney et al. (2014) determined aquifer parameters across the Hinds Plain using both existing 

Environment Canterbury pumping test data and previous research values. Acknowledged limitations 

for the study included the structural complexity of subsurface geology, very high transmissivities, 

uncertainty of true aquifer thickness and well screens over multiple confining layers. The aquifer test 

analysis also assumed homogenous isotropic aquifer conditions. The aquifer parameters are identified 

in Table 2.4 where leakance is the K’/b’, in which K’ and b’ are the vertical hydraulic conductivities and 

thickness of confining beds.  

Table 2.4 – Aquifer parameters estimated based on pumping test data for the Hinds Plain (Durney et al., 2014) 

Statistics (n=322 tests 
264 wells in Hinds 
Plain area) 

Transmissivity 
(m2/day) 

Storativity K’b’ (leakance) 
(m2/day) 

Mean 1934 7.62E-04 3.89E-04 

Median 1150 2.00E-04 2.44E-04 

Maximum 1400 3.00E-02 1.39E-03 

Minimum 6 3.90E-05 0/00E-00 

 

Hydraulic conductivities were calculated by Durney et al. (2014) using the aquifer test data and an 

assumed aquifer thickness of 10 m. The results are shown in Table 2.5. 

Table 2.5 - Estimate of hydraulic conductivity from transmissivity assuming 10 m aquifer thickness (Durney et al., 2014) 

Statistics (n=322 tests 264 
wells in Hinds Plain area) 

Transmissivity (m2/day) Hydraulic conductivity (m/day) 

Mean 1934 193.4 

Median 1150 115 

Maximum 1400 140 

Minimum 6 0.6 

 

Durney et al. (2014) concluded that greater confidence could be placed in Dann et al. (2008) estimates 

of hydraulic conductivity. The upper limit for hydraulic conductivity within the Hinds Plain was thought 

to be 100 m/day and more closely matched field observations. Durney et al. (2014) also included a 

bore analysis in the study, similar to the work from Davey (2006a), and concluded that areas of high, 

medium and low transmissivity indicated the complexity of the hydrogeology and suggested using 

zones for varying hydraulic conductivity. 
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2.8.2 Surface water features 

 

The Rangitata River is 140 km long, has a 1600 km2 alpine catchment (Brown and Weeber, 2002) and 

comprises of two distinct regions; mountainous headwaters above a gorge, and a section below the 

gorge that flows across the Canterbury Plains, largely without tributary inflows. The main river 

features include the river mouth and lagoon, a lower braided system, a meandering reach, the gorge, 

and spring fed streams in the upper catchment (Mosley, 2001). Below the gorge, the 52 km of reach 

across the Canterbury Plains has incised some 80 m below the plain’s surface. The depth of this 

entrenchment decreases towards the coast (Brown and Weeber, 2002). The mean flow is 

approximately 100 m3/s with a minimum and maximum flow of 31 m3/s and 2,960 m3/s. Annual 

variability in the hydrologic regime differs considerably year to year ranging from 80 m3/s to 128 m3/s 

(Mosley, 2001). Contributions from the Rangitata River to groundwater is thought to be relatively 

small (approximately 1 m3/s) (Davey, 2006c; Dommisse 2006, 2007) 

The Hinds River by comparison has a small 160 km2 catchment in the foothills of the Southern Alps. 

Two main branches originate from the foothills and connect to a single channel near the town of 

Mayfield. The river flows intermittently and is driven by rainfall on the Hinds Plain. On the coastal side 

of SH1, the Hinds River historically flowed into swampland but the area was drained following the 

installation of open and tile drains around 1900 (Brown and Weeber, 2002). In addition to the drains, 

a direct cut was made to the ocean (Hanson and Abraham, 2013). Today only a few natural streams 

survive near the coast, though the drains that have replaced them harbour important ecosystems 

(Meredith et al., 2006).   

The RDR is a 67km long channel between the Rangitata River intake at Klondyke and the discharge 

point at Highbank on the Rakaia River. An estimated average flow loss of 20 l/s/km occurs over the 

length of the main course. This equates to a system loss of 346 l/s over the 17 km Rangitata River to 

Hinds River part of the race (Dommisse, 2006). 

The Ashburton Council provides stock water services to the Ashburton District, via a large network of 

open races (ADC, 2016). Dommisse (2006) assumed little or no losses to groundwater from stock water 

races because the high silt content from the Rangitata River had formed a seal in the channel.  

Springs on the HRP generally occur as depression or contact springs. These are located in natural 

gullies or within the Hinds River bed, or as springs stemming from the Rangitata River terraces (Figure 

2.15) (Dommisse, 2006). The springs typically emerge along the inland boundary of the pre-existing 

swamps, where soils change from shallow and stony to the organic rich soils below SH1 (Davey, 2003; 

Hanson and Abraham, 2013). A cluster of terrace-riser springs can be found in the Ealing area. 

Anecdotal evidence suggests that flows from terrace-riser springs are closely linked to irrigation on 

the HRP i.e., MHIS practises. It is thought that terrace-riser springs are a groundwater seepage feature 

associated with diffuse recharge (Burbery, 2012). 
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Figure 2.15 - Spring and drain locations on the HRP 
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2.8.3 Groundwater recharge and discharge 

 

A water balance for the HRP was carried out by Dommisse (2006) between September 2005 and 

August 2006. The results suggested total recharge of 375 m3 x 106 and discharge 227 m3 x 106 from the 

area, and an outflow of 148 m3 x 106, for the 12 month period.  

The HRP receives the majority (67%) of its groundwater recharge from rainfall. Recharge from 

irrigation (i.e., MHIS water) accounted for 30% of total recharge, with relatively small contributions 

from the RDR and Hinds River. Within the MHIS boundary, recharge from irrigation water was thought 

to have exceeded recharge from rainfall. As a consequence of low rainfall, irrigation water accounted 

for 64% of total recharge on the HRP during the 2005/2006 irrigation season (i.e., during periods of 

low rainfall and high ET). 

Coastal drains and terrace springs accounted for 62% of total discharge from the system. The 

remaining discharge was attributed to groundwater abstraction. Groundwater outflow to the ocean 

was shown to be highly variable over a 12 month period, depending on the ratio of recharge to 

discharge. 

 

 

Figure 2.16 – Regional water balance of the HRP from Sept 2005 to Aug 2006 (Dommisse, 2006) 

 

  



37 
 

2.9 Water chemistry 

 

2.9.1 Nutrients 

 

Nitrogen (N) and phosphorus (P) are nutrients essential for life. N makes up approximately 78% of the 

earth’s atmosphere, and P makes up approximately 0.1% of the earth’s crust. Although N and P are 

essential to ecosystem biota, an excess can stimulate unwanted growth of aquatic plants in water 

bodies. This excess can be derived from natural sources such as litter fall and weathering, and from 

anthropogenic causes such as sewerage outflow, N and P leaching from cleared land, fertiliser run-off, 

industrial effluents and agricultural effluents (ANZECC, 2000).  

Atmospheric nitrogen gas (N2) is highly stable (inert) and cycles through the atmosphere, hydrosphere 

and biosphere. Biological nitrogen fixation transforms N2 gas into ammonia (NH3) by soil and aquatic 

microbes. The ammonia is then converted to the forms of nitrogen required for plant growth (Viers et 

al., 2012). The most common forms of N available for plant growth in water are inorganic ions such as 

nitrate (NO3-), nitrite (NO2-) and ammonia (NH4
+) and inorganic molecules such as urea (i.e., the 

breakdown product of proteins). In water, NO3- is the most commonly available and NH4
+ is the most 

readily assimilated (ANZECC, 2000). The ultimate fate of reactive nitrogen (that is, organic nitrogen, 

ammonium, nitrate, ammonia, nitrous oxide etc.) is to return back to the atmosphere as N2. For 

nitrate, this is a microbially mediated process (denitrification) that requires conditions low in dissolved 

oxygen (anoxic) (Viers, et al., 2012).  

Phosphorus exists in water as both dissolved and particle forms. Dissolved P includes inorganic 

orthophosphate (H2PO4-, HPO4
2- and PO4

3-), polyphosphates, organic colloids and low molecular 

weight phosphate esters. P in its particle form includes P bound by organic compounds such as 

proteins, and P bound to suspended particulate matter such as clays and decaying organisms (ANZECC, 

2000).  

Nitrate can enter the waterways through surface run-off and to groundwater through leaching. Unlike 

phosphate, which tends to absorb or attach to soil particles, nitrate moves at a similar rate to water 

and generally travels freely through the soil profile and into the groundwater system (Freeze and 

Cheery, 1979). Factors that influence the amount of nitrate leaching into groundwater include the 

amount of nitrogen fertiliser applied, the rate of nitrogen uptake from plants, the amount of nitrogen 

within the soil profile, and the amount of soil drainage over a period of time. For example, nitrate 

leaching rates are typically higher during winter periods due to higher rainfall and lower ET, in addition 

to reduced nitrogen uptake from plants (Cameron et al, 2013).  

Groundwater has become an increasingly important aspect of the global nitrogen cycle due to 

increased nitrogen inflows and long groundwater residence times (Kourakos et al., 2012). In 

Canterbury, nutrients leaching into groundwater and their subsequent emergence in springs is a 

particular issue in alluvial soils. In 2008/2009, 10% of wells monitored by Environment Canterbury 

were shown to have nitrate-N levels (nitrate-N refers to nitrogen present in the nitrate ion) in excess 

of the New Zealand Drinking Water Standard (11.3 mg/L nitrate-N) and this was identified as a key 

concern in the Canterbury Water Management Strategy (CWMS) (CMF, 2010).   
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2.9.2 Previous research 

 

Water quality monitoring on the Hinds Plains showed increasing levels of annual average nitrate-N in 

shallow groundwater and surface water drains between 2005 and 2012 (Figure 2.17). Annual average 

nitrate-N levels in deep groundwater had also increased between 2008 (when monitoring of deep 

wells began) and 2012. The lack of historic data for deep wells on the HRP makes it difficult to 

determine long term nitrate trends and little is known about shallow and deep groundwater residence 

time within the HRP.  

 

Figure 2.17 - Hinds Plain annual average nitrate-nitrogen concentration (Scott, 2013). 

 

Environment Canterbury conducts water quality monitoring for the region as part of their annual 

‘State of the Environment Monitoring Data’. The annual monitoring program uses two surface sites 

and eight wells on the HRP (Figure 2.18). The Hinds Plain has been the focus of a number of studies 

over the past three years (Durney et al., 2014; Hanson and Abraham, 2013; Scott, 2013). These studies 

were used to aid in the decision making process for a sub-regional chapter of the Land and Water 

Regional Plan (LWRP). The LWRP focused on meeting the outcomes of the Zone Implementation Plan, 

a plan that gave resource management goals for managing land and water resources. At the time of 

writing, the area designated ‘Valetta – Hinds – Mayfield/Hinds Nutrient Allocation Zone’ did not meet 

the water quality outcomes for nutrients as set by the Zone Implementation Plan. 
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Figure 2.18 - Environment Canterbury's groundwater and surface water monitoring site on the Hinds Plain (Scott, 2013) 
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2.9.3 Irrigation practises and the impact on nitrate leaching 

 

Few studies have examined nitrate leaching under different irrigation methods. In 2016, ECan (2016) 

acknowledged the need for more detailed studies on nitrate leaching under border-dyke and spray 

irrigation. 

The current accepted view is that the intensity of land use i.e., herd size, has a greater influence on 

nitrate concentrations in groundwater than irrigator type (Hayward, 2011). Irrigation practices can 

influence the amount of nitrate that percolates through to groundwater, even if the total amount of 

nitrogen applied to the land remains unchanged. Research from Clothier and Green (1994) 

demonstrated that conversion from border-dyke to spray may cause a reduced mass of nitrate to 

leach below the root zone and enter groundwater. The dry application of fertiliser combined with low 

application of irrigated water should keep nitrate within the root zone, increasing the availability and 

uptake for plants. Francis and Haynes (1991) demonstrated that rapid leaching can occur from flood 

irrigation, though comparisons with spray type irrigation were not part of the experiment. Close 

(1987) monitored water levels during conversion of dryland farming to border-dyke in the Amuri 

Irrigation Scheme. The research showed nitrate concentrations in shallow wells decreased in the short 

term, due to the dilution from the extra water. Deeper wells however showed increasing 

concentrations as the border-dyke water percolated deep into the aquifer.  

 

2.10 Isotopes as hydrological tracers 

 

Isotopes are atoms of the same element that have a different number of neutrons. The different 

number of neutrons in various isotopes result in different masses. For example, oxygen and hydrogen 

occur naturally as three different isotopes: oxygen as 16O, 17O and 18O, and hydrogen as 1H, 2H and 3H, 

the superscript value referring to their mass number (the sum of protons and neutrons) (Kendall and 

McDonnell, 2006). Considering the isotopes of hydrogen; the nucleus of 1H contains one proton and 

has a mass of ~1 atomic mass unit (amu), the nucleus of 2H contains one proton, one neutron and has 

a mass of ~2 amu, the nucleus of 3H has one proton, and two neutrons, thus it has a mass of ~3 amu. 

Where both 1H and 2H are stable isotopes, the additional neutron in 3H gives instability to its nucleus. 

As a result, 3H will undergo radioactive decay whereas 1H and 2H will not (Sharp, 2007). 

Stable isotope studies are based on fractionation i.e., pairs of isotopes separating into light and heavy 

fractions. For elements with low atomic numbers the mass differences are large enough to cause 

physical, chemical and biological processes or reactions to fractionate. As a result of the fractionation 

processes, water and solutes typically develop unique isotopic compositions (ratios of heavy to light 

isotopes) that may indicate their source or the process in which they formed (Kendall and McDonnell, 

2006). If R is the ratio of the heavy isotope to the light isotope, then the relative fractionation is 

expressed as: 

standard

standardsample

R

RR 
      (2.1) 
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The results are expressed as deviation in parts per thousand (0/00). When a value of δ is positive then 

the sample is enriched with the heavier isotope relative to the standard; a negative sample is 

isotopically lighter relative to the standard (Fetter, 2001).  

 

Stable oxygen and hydrogen isotopes 

 

Stable isotopes can be used for their characteristic isotope signature, much like a fingerprint, to reveal 

the source of recharge in a groundwater system. Stable hydrogen and oxygen isotopes are ideal 

tracers in the hydrologic cycle as they are constituent atoms of the water molecules and are 

continuously added at catchment scale by natural processes (i.e., rainfall and snowmelt events)  

(Stewart and Morgenstern, 2001).  

The isotopic ratios of 18O/16O and H2/H1 are used as tracers in isotope hydrology. Environmental water 

samples, represented in the equations below as ‘sample’, can be compared with the isotopic ratio of 

standard mean ocean water. The internationally accepted standard for hydrogen and oxygen isotope 

hydrology is the Vienna Standard Mean Ocean Water (V-SMOW). The definition is expressed in parts 

per mil and is denoted by delta and the heavier isotope (i.e., δ18O and δ2H). The equation is expressed 

as: 
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     (2.3) 

Where: 

V-SMOW (2H/1H) = Abundance ratio of 1.5575 x 10-4 

V-SMOW (18O/16O) = Abundance ratio of 2.0052 x 10-3 
   

When δ2H is plotted as a function of δ18O for water found in continental precipitation, a linear 

relationship is found and described by the equation: 

10O8H 182        (2.4) 

This relationship is referred to as the global meteoric water line (GMWL) and is based on global 

precipitation data by Craig (1961). The high correlation coefficient of the GMWL (r2 = 0.95) reflects 

that both oxygen and hydrogen isotopes are closely associated and consequently, usually studied 

together (Figure 2.19). The y-intercept of 10 is known as deuterium excess or d-excess. This is included 

in the equation due to the 100/00 enrichment of 2H during evaporation from the ocean (i.e., the GMWL 

does not intersect the composition of the ocean). The slope and y-intercept of a “Local Meteoric Water 

Line” (LMWL) can be significantly different than that of the GMWL. A y-intercept of approximately +13 

was found to be more applicable to the New Zealand region, as opposed to the +10 GMWL (Stewart 

and Taylor, 1981). 
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Figure 2.19 - Global Meteoric Water Line (SAHRA, 2016) 

 

Precipitation is the major source of groundwater recharge in virtually all systems. Once meteoric water 

is below ground surface and away from evaporative effects, the stable isotopes of water are 

conservative in their mixing relationships (McGuire and McDonnell, 2008; Gat, 1996). Therefore, 

understanding the factors that control the isotopic composition of precipitation allow for the use of 

oxygen and hydrogen as tracers of groundwater sources and processes. At a regional scale, the 

distribution of isotopic compositions are controlled by a number of factors: 

 Altitude effect: δ2H and δ18O values decrease with increasing altitude. In New Zealand, it is 

understood that for every 100m increase in altitude there will be a -0.230/00 change in δ18O 

and a -1.800/00 change in  δ2H (Stewart and Taylor, 1981). 

 Latitude effect: δ2H and δ18O values decrease with increasing latitude. 

 Continental effect: δ2H and δ18O values decrease towards the continent interior. 

 Amount effect: δ2H and δ18O values decrease with the increased amount of rainfall. This effect 

is not observed in snow (Kendall et al., 2004). 

Due to this phenomenon, catchment-scale variability of stable oxygen and hydrogen isotopes can be 

used to identify hydrological processes. For example, the average δ value of a river that originates in 

an alpine catchment will have a significantly different isotopic composition than the average δ value 

of groundwater recharged by low altitude rainfall (i.e., Canterbury Plains) (Figure 2.20).  
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Figure 2.20 - Map of New Zealand showing contours of annual δ2H values of precipitation (Stewart and Morgenstern, 2001) 
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Stable carbon isotopes 

 

In addition to the two main constituents of water (O, H), minor elements that dissolve in water such 

as carbon can be used as an additional isotopic tracer. Stable carbon isotopes in particular are useful 

tracers for identifying the interaction of water with carbonate minerals and the soil zone. Because of 

this, stable carbon isotopes are used in hydrological studies for determining the connectivity of 

groundwater and surface water (Kendall and McDonnell, 2006).  

Carbon has two stable isotopes: 12C with an abundance of 98.89%; and 13C with an abundance of 

1.11%. 13C/12C compositions are reported in part per thousand (0/00) relative to the Pee Dee Belemnite 

(PDB) standard. The equation is expressed as: 

3
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The isotopic evolution of dissolved inorganic carbon (DIC) begins with dissolution of atmospheric CO2 

(δ13C ≈ −8 0/00 PDB) by meteoric water. During photosynthesis, plants tend to selectively assimilate the 

lighter isotopes (12C) from the atmospheric CO2, resulting in δ13C values of ≈ −23 0/00 in organic plant 

matter. Aerobic bacteria in the soil will convert the vegetative matter back into CO2, resulting in soil 

CO2 concentrations 10-100 times that of the atmosphere (Elberling and Ladegaard-Pederson, 2005). 

The isotopic composition of CO2 derived from soil respiration is dependent on the type of 

photosynthetic pathway of the predominant surface vegetation (Gray et al., 2011). C3 plant species 

make up 85% of terrestrial plants and have δ13C values ranging between −24 0/00 to −30 0/00 (Clark and 

Fritz, 1997). 

A further addition to soil and groundwater DIC comes from bicarbonate (HCO3−) ions derived from 

bedrock weathering. The δ13C values of most carbonates are ≈ −0 0/00. Carbonate dissolution produces 

δ13C-DIC values intermediate between soil CO2 (−22 0/00) and the carbonate minerals. Thus, the δ13C-

DIC value in groundwater will represent the mixing of soil CO2 from photosynthesis, plant root and 

microbial respiration, and carbonate mineral dissolution (Gray et al., 2011). 

Rapid out-gassing can occur once groundwater begins discharging from a system, resulting in δ13C-DIC 

enrichment downstream. Sampling in the Sleepers River Research Watershed showed δ13C-DIC 

enrichment between 3−5 0/00 from the stream source to approximately 500 m downstream (Doctor et 

al., 2007). 
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Figure 2.21 - Isotopic fractionation of carbon (Gray et al., 2011) 

 

2.10.1 Previous research 

 

Stable oxygen isotope values have been recorded across the Canterbury Plains by Environment 

Canterbury for 40 years. Environment Canterbury has not routinely collected δ2H or δ13C, though it 

does acknowledge that additional stable isotopes should be collected to help identify sources of 

groundwater recharge in future research (Scott, 2014).  

Canterbury alpine rivers, such as the Rangitata, have their origin in high-altitude catchments. Alpine 

river water has been shown to have δ18O values ranging from −9 to −12 0/00 (Hanson and Abraham, 

2013). Lowland rainfall recharge that falls near the coast is shown to have δ18O values of ≈ −7.7 0/00 

(Stewart and Morgenstern, 2001). Thus, groundwater on the Canterbury Plains that has been 

recharged from alpine rivers water will have more negative δ18O values, compared to groundwater 

supplied by diffuse recharge. 

A major isotopic groundwater study was conducted throughout the 2005/2006 irrigation season 

across the HRP. The purpose of the study was to provide a snapshot of groundwater quality and 

identify sources of groundwater recharge. Seventy wells were sampled for stable oxygen isotopes and 

a number of water chemistry parameters. The results were reported in both Dommisse (2006, 2007) 

and Abraham, Hanson, and Smith (2006) (Figure 2.22). Values of δ18O were found to range from −8.2 

0/00 to −9.8 0/00, showing greater variability than reported for the region by Stewart (2006). Samples 

from wells located near the coast were found to range from −8.2 to −8.9, showing more depleted 

values than typical of the region (−7.7 0/00). Shallow groundwater (i.e., <40m depth from the surface) 

within the MHIS boundary also showed more negative δ18O values than typical, indicating dilution 

from an additional source. Abraham et al., (2006) and Dommisse (2006) hypothesised the dilution was 

a result of rainfall mixing with groundwater recharge from RDR sourced irrigation water.  
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Figure 2.22 - Distribution of stable oxygen isotopes on the Hinds-Rangitata Plain (Abraham et al., 2006) 
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Chapter 3: Methods 
 

This research consisted of two parts; the collection of field data on the HRP and a desktop study that 

analysed the field data comparing the findings with research by Dommisse (2006) (i.e., when the study 

area was under border-dyke irrigation). The methods employed for data collection and analysis are 

described in this chapter.  

 

3.1 Monitoring program overview 

 
A monitoring program was carried out on the HRP between September 2016 and July 2017. The 
program consisted of three parts: 
 
 

1. Pre-irrigation season data (collected between Sept 1st, 2016 and Sept 7th, 2016). 
a. A piezometric survey was undertaken using sixty one wells within the HRP. The date 

was selected in order to capture data prior to the commencement of the irrigation 
season (September 10th).  

b. Water samples were collected from thirty groundwater sites and seven surface water 
sites. The parameters measured were: 

i. Nitrate-N 
ii. Dissolved reactive phosphorus 

iii. Alkalinity 
iv. Stable oxygen, hydrogen and carbon isotopic composition 

 
2. Irrigation season data (collected between February 15th, 2017 and February 22nd, 2017). 

a. The piezometric survey was undertaken using the same well sites as the September 
2017 survey. Forty two of the original sixty one sites were measured during this survey 
(the reduced number of sites was due to numerous active wells during this period). 
The dates were selected in order to capture data following peak irrigation season.  

b. Water samples were collected from thirty three groundwater sites and twelve surface 
water sites. The parameters measured were: 

i. Nitrate-N 
ii. Dissolved reactive phosphorus 

iii. Alkalinity 
iv. Stable oxygen, hydrogen and carbon isotopic composition 

 
3. Seasonal data collected 2-monthly (between September 1st 2016 and July 1st 2017). 

a. Groundwater levels were monitored at twenty well sites 
b. Nitrate data was collected from the same twenty wells, and six surface water sites 
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3.2 Piezometric survey 

 

3.2.1 Site selection 

 

Wells were selected for the piezometric surveys using sites previously surveyed by Dommisse (2006), 

where possible. Forty-two of the sixty-one wells used in the September 2016 survey, and thirty-two 

of the forty-one wells used in the February 2017 survey, were the same sites used by Dommisse 

(2006). Alternative sites were required at locations where wells used by Dommisse (2006) had gone 

dry, been decommissioned, were difficult to access, or permission to access the site could not be 

obtained.   

Emphasis was placed on using wells located near the study area boundaries (i.e., adjacent the Hinds 

River, Rangitata River and coast) so that a piezometric surface could be developed that covered the 

study area. Wells were chosen with relatively even spacing between each site. This was done to reduce 

the amount of low accuracy areas in the piezometric surface. Nested well clusters (i.e., two or more 

nearby wells at varying depths located close together) were used where possible, in order to identify 

upward or downward flow. Figure 3.1 identifies the well locations used in this study.  

 

3.2.2 Methods 

 

The methods used to obtain static water level readings were based on the procedures outlined in 

‘National Protocol for State of the Environment Groundwater Sampling in New Zealand’, developed 

by MfE (2006). All wells used in this study were first inspected between August 24th, and August 27th, 

2016. The purpose of the inspection was to determine whether a static water level reading could be 

obtained from the site, and that no obstruction existed within the well casing.  

Communication was made with well owners prior to any site visit during the piezometric surveys. This 

was done in order to determine when a particular well was last used, so that ambient conditions could 

be measured. During the irrigation season, scheduling site visits with well owners was frequently 

required, given the increased groundwater usage during this period.  

Static water level readings were measured using a coaxial water level meter. All measurements were 

taken from the entry point of the well at the top of the well casing.  
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Figure 3.1 - Distribution of wells and well depths used in the September 2016 and February 2017 piezometric surveys. The 
base-map is sourced from LINZ Data Service. 
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3.2.3 Horizontal and vertical accuracy 

 

Environment Canterbury maintains a well database (found here: https://canterburymaps-

ecan.opendata.arcgis.com/datasets/wells-and-bores) that stores details that include well depths, 

screen locations, bore logs, coordinates etc. The database stores the horizontal coordinates of a well 

using the NZGD 2000 / New Zealand Transverse Mercator (NZTM) system. Vertically, the position is 

typically referenced from the top of the well casing and all sites use the Lyttleton 1937 datum. Each 

vertical measurement is given a ‘QAR’ value that indicates the accuracy of the reading. A QAR value 

of 1 indicates the highest accuracy whereas a QAR of 4 indicates the lowest accuracy. Of the 61 wells 

surveyed in February 2016, 1 well had a QAR of 1, 56 wells had a QAR of 2, 3 wells had a QAR of 3, and 

1 well had a QAR of 4.  

A well surveying program was carried out between February 14th and February 19th, 2017. The survey 

was conducted due to the high variation of vertical measurements in the Environment Canterbury 

well database. 57 of the 61 sites were re-surveyed to improve both the horizontal and vertical accuracy 

of the measurement point (i.e., top of well casing). Four wells were unable to be re-surveyed due to 

nearby tree coverage or local structures blocking GPS signal to the recording device. 

A Trimble Geo 7X was used to re-survey the 57 sites (Figure 3.2). The Geo 7X recorded horizontal 

locations using the NZGD2000 / NZTM system and vertical locations using the New Zealand Geoid 

2009 (NZG 2009) system. Post-processing was conducted using a Land Information New Zealand (LINZ) 

base station to further improve horizontal and vertical accuracy. The existing Environment Canterbury 

positions were converted from Lyttleton 1937 to NZG 2009 using the LINZ online converter: 

http://apps.linz.govt.nz/coordinate-conversion/. The results from the survey and a comparison with 

Environment Canterbury’s database are discussed in section 4.3.1.  

 

Figure 3.2 - Well surveying using a Trimble Geo 7X. The measurement is being taken from the top of the well casing 

https://canterburymaps-ecan.opendata.arcgis.com/datasets/wells-and-bores
https://canterburymaps-ecan.opendata.arcgis.com/datasets/wells-and-bores
http://apps.linz.govt.nz/coordinate-conversion/
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3.3 Groundwater and surface water sampling 

 

3.3.1 Groundwater site selection 

 

Groundwater samples were collected to determine nitrate-N, dissolved reactive phosphorus (DRP) 

and alkalinity values as well as stable isotope compositions of hydrogen, oxygen and carbon. Wells 

used to collect water samples were selected based on locations previously sampled by Dommisse 

(2006), where possible. Wells were chosen with relatively even horizontal spacing between each site, 

in order to identify potential spatial trends. Varying well depth was also considered so that vertical 

trends might be identified. Seven of the 30 wells sampled in September 2016, and 8 of the 33 sampled 

in February 2017 were the same as those used by Dommisse (2006). Alternative sites were used when 

wells had gone dry, been decommissioned, were difficult to access, or permission to access could not 

be obtained. All wells sampled were privately owned and used for domestic water, stock supply, dairy-

shed supply, irrigation purposes or a combination of the above. All sites were inspected prior to 

sampling to ensure their suitability. Figure 3.3 provides the well locations that were sampled for water 

chemistry in this study. 

 

3.3.2 Surface water site selection 

 

Surface water samples were collected to determine nitrate-N, DRP and total alkalinity values as well 

as stable isotope compositions of hydrogen, oxygen and carbon. Surface sites used to collect water 

samples were selected based on locations previously sampled by Dommisse (2006). 7 surface water 

sites were sampled in September 2016 and 12 surface water sites were sampled in February 2017. 

Figure 3.3 provides the location of surface water sites that were sampled for water chemistry in this 

study. 

 

3.3.3 Two-monthly sampling 

 

Between September 2016 and June 2017, 16 wells and 7 surface water sites were sampled for nitrate 

every two months. Groundwater levels were also monitored in wells during this period. The purpose 

of the seasonal monitoring was to identify seasonal variation of groundwater levels and nitrate-N 

concentration in groundwater and spring-fed streams.  
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Figure 3.3 - Distribution of well, river, irrigation race and spring-fed drain sites sampled for water chemistry during the 
course of this study. The base-map is sourced from LINZ Data Service. 
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3.3.4 Sampling methods 

 

Groundwater sampling methods followed the on-site preparation, purging procedures, sample 

collection and site clean-up as outlined in the ‘National Protocol for State of the Environment 

Groundwater Sampling in New Zealand’ developed by MfE (2006). The following steps were followed 

to ensure the collection of meaningful data. 

 

Pre-sampling preparation 

The Environment Canterbury well database was used to compile well information (e.g., site number, 

location description, coordinates, well depth) for each site, prior to site inspection. Details for the 

surface water sites were taken from Dommisse (2006). 

Groundwater and surface water sites were inspected between August 24 and August 27 2016, prior 

to water sample collection. The grid reference for each site was checked against a handheld GPS to 

confirm the site location. Each location was photographed and a description of the site contact, health 

and safety requirements and sample point location was made.  

 

On-site preparation 

Site locations were confirmed using the site descriptions and grid references. In addition, well and 

surface water sites were matched using the site I.D., and a physical label at the site, where possible. A 

water level reading was measured under ambient conditions after the correct site had been identified. 

All water level readings were measured from the well entry point (i.e., top of the casing). Using the 

static water level reading, the volume of the well (or purge volume) could then be calculated using the 

formula: 

Purge volume = 3.14 x [well depth – depth to water][well radius]2 x 1000  (3.1) 

Purging is the removal of stagnant water in a well through pumping, allowing fresh formation water 

to enter the well. The procedure is essential as standing well water may not be chemically 

representative of the groundwater in the aquifer.  

All wells used in this study had either submersible or surface pumps. The majority of wells had flow 

meters and digital displays attached to the well assembly. Well pumps were turned on and flow rates 

were observed to determine the duration needed to purge a well. The flow rate and purge volume 

were then used to determine the purge duration. For wells that had no flow meter or display attached, 

well water was emptied into a 10L bucket and the duration until full was used to calculate the flow 

rate. All wells were emptied at least 3 times their volume, in accordance with MfE (2006). Figure 3.4 

illustrates the visual difference between stagnant well water and purged well water. 
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Figure 3.4 – Outflow pipe of well K37/1574. (Left) Stagnant well water being pumped out moments after pumping began. 
(Right) Well water begin pumped out at 14.2 L/s approximately 10 minutes after the well had begun pumping.  

 

Sample Collection 

Once a well had been purged, all groundwater samples were collected either from a well assembly 

tap, hose, or outflow pipe. In cases where sampling points were distant from the well site, a 1 L 

disposable bailer was used to collect a sample directly from inside the well.  

General equipment used in this study was selected based on recommendations by MfE (2006). Pre-

cleaned containers were used in the collection of samples from the source. All samples were passed 

through a disposable 0.45 µm particle filter. 

New, unopened, 15 ml LDPE containers were used to store water samples for isotope analysis. Water 

samples analysed for the isotopic composition of oxygen, hydrogen and carbon were labelled and 

stored in a chiller with sealed ice packs, immediately after collection. 

All samples were collected in dry weather conditions to prevent contamination of the sample from 

rain and windborne particles.  

 

3.3.5 Analytical methods 

 

Nutrients 

Nitrate-N and DRP were analysed in the field using a Hach Colorimeter DR 900. Nitrate-N was analysed 

with the cadmium reduction method using NitraVer®5 Nitrate Reagent powder pillows. Cadmium 

metal is introduced to the sample and reduces nitrate in the sample to nitrite. The nitrite ion reacts in 

an acidic medium with the sulfanilic acid to form an intermediate diazonoium salt. The salt couples 

with gentisic acid to form an amber coloured solution. The wavelength is then measured by the 

colorimeter to determine the Nitrate-N concentration (Hach, 2014). Using a 10 mg/L NO3
– – N 

standard, the manufacturer describes measurement accuracy to be between 9.3-10.7 mg/L NO3
– – N 

(95% confidence interval), under ideal laboratory conditions. The manufacturer notes that the process 

is technique sensitive and that technique and shaking time influence the colour development. Testing 
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against a standard solution and adjusting the mixing duration and technique to get the expected 

results is recommended (Hach, 2014).  

The author found the most accurate results were achieved by mixing the reagent with a sample for 70 

seconds, completing a full extension of the arm every second. This method was conducted 20 times 

with a standard solution of 10 mg/L NO3
– – N. A one sample t-test and z-test was used to determine 

the difference between the observed mean and theoretical mean. A summary of the results is 

provided in Table 3.1.  

Table 3.1 - One sample t-test and z-test where n=20, and theoretical mean is 10. 

Variable Concentration (mg/L) 

Theoretical mean 10.0 

Observations 20 

Minimum 7.8 

Maximum 11.8 

Mean 10.09 

Std. deviation 0.891 

95% confidence interval 
difference between means 

9.67 - 10.51 

Difference 0.090 

t (Observed value) 0.452 

|t| (Critical value) 2.093 

DF 19 

p-value (Two-tailed) 0.657 

alpha 0.05 

 

DRP was analysed with the ascorbic acid method using PhosVer®3 Phosphate Reagent powder pillows. 

The orthophosphate reacts with molybdate in an acid medium to produce a mixed 

phosphate/molybdate complex. Ascorbic acid then reduces the complex, which gives an intense 

molybdenum blue colour. The wavelength is then measured to determine the PO4
3- concentration. 

Using a 2.00 mg/l PO4
3- standard, the manufacturer describes measurement accuracy to be between 

1.98-2.02 mg/L PO4
3- (95% confidence interval), under ideal conditions. Unlike nitrate-N 

measurements, DRP is not described as technique sensitive. As a result, no changes were made to the 

mixing procedure for DRP (Hach, 2014, p. 477).  

A single sample was measured in the field for both nitrate-N and DRP, per site, due to budget and time 

constraints. A secondary test was conducted when abnormal results were found.  

 

Alkalinity 

Total alkalinity (mg/L as CaCO3) was measured in the field using a Hach Digital Titrator. A 100 ml 

filtered sample was added to a pre-cleaned 250 ml glass flask. Phenolphthalein was added as an 

indicator and mixed. In the event that the phenolphthalein changed to pink (indicating >8.3 pH), the 

digital titrator was used to titrate (0.1600 N HCL) to the solution and mixed until colourless. The 
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amount titrated was then recorded, indicating the phenolphthalein alkalinity and is a measure of the 

total hydroxide and one-half of the carbonate in the sample. Bromcresol green-methyl red indicator 

was then added to the solution and mixed. The digital titrator was used to titrate (0.1600 N HCL) to 

the solution and mixed until colourless (4.5 pH). This amount titrated was then recorded, indicating 

the total alkalinity and is a measure of all carbonate, bicarbonate and hydroxide in the sample (Hach, 

2014). 

 

Stable Isotopes 

Isotope fractions were determined by the Geological Department of the University of Canterbury. The 

results were measured by using ICP mass spectrometry. 

 

 

3.4 Climate analysis 

 

Groundwater levels and rainfall relationship 

An analysis of the relationship between groundwater levels and rainfall was conducted using two 

rainfall sites and four wells located within the HRP. Long-term rainfall data was obtained from the 

National Climate Database (NIWA) and previously unpublished records maintained by a local 

landowner. Daily groundwater level readings of four wells were obtained from the Environment 

Canterbury well database (well details and groundwater level records can be searched by well number 

here: https://www.ecan.govt.nz/data/well-search/).  

Well number K38/1571 was used to identify long-term changes in groundwater levels near the coast. 

This particular well was chosen due to the availability of daily water level recordings taken between 

October 2004 and November 2016. The well is relatively shallow (5.32 m depth) and is located on the 

coastal side of the MHIS boundary at Emersons Road, Coldstream (see Figure 3.5). Land use data from 

Dodson (2006) showed the area inland of this site to be made up of dryland farming, spray type 

irrigation and border-dyke irrigation, the majority of border-dyke is concentrated between 5 and 8 km 

inland of the site. More recently, land use data from the 2015/2016 FEP shows the surrounding area 

has changed from dryland and border-dyke to spray type inland of the site, with only a small amount 

of land still being used for border-dyke irrigation approximately 5 to 8 km inland. 

Long-term rainfall data for the coastal area was obtained from Coldstream 3 (site I.D. 5065), the only 

physical NIWA station located within the HRP. The rainfall site is located approximately 1.5 km inland 

of the coast on Stevens Road, Coldstream, and approximately 3.0 km to K38/1571. Coldstream 3 has 

daily rainfall records from September 1964 to the present. 

A cluster of three wells (K37/2416, K37/2417 and K37/2456) was used to identify long-term changes 

in groundwater levels, at different depths, within the MHIS boundary. The wells are positioned 

approximately 75 m apart, and have depths of 138 m (K37/2416), 76 m (K37/2417) and 17 m 

(K37/2456). These particular sites were chosen due to the availability of monthly water level 

https://www.ecan.govt.nz/data/well-search/
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recordings that were taken between July 2005 and May 2011, and daily water level readings that were 

taken between May 2011 and the present. All three wells are located on Chisnalls Road, Hinds (see 

Figure 3.5). Land use data from Dodson (2006) showed the first 1 km inland of the well cluster to 

consist largely of dryland farming. Further inland, the area is heavily irrigated by border-dyke and 

some spray type irrigation. Land use data from the 2015/2016 FEP shows the area up-gradient of the 

well cluster to be irrigated largely by spray type irrigation, with a small amount of border-dyke 

irrigation still occurring. 

Long-term rainfall data was obtained from a local landowner (L1) within close proximity to the Hinds 

well clusters. The rainfall site is located on Hinds Arundel Road, approximately 5 km west of the Hinds 

Township and records daily rainfall values to the nearest whole millimetre. These records were 

digitised from July 2005 to the present day and compared with NIWA climate station Coldstream 3 

(5065) data, in order to verify the accuracy of the data. 

 

Spring discharge and rainfall relationship 

An analysis of the relationship between spring discharge and daily rainfall was conducted using long-

term spring discharge records maintained by Environment Canterbury. Only two known monitoring 

sites exist on the HRP that contain mean daily spring discharge extending back to 2004; Stormy Drain, 

located on Lower Beach Road, and Boundary Drain, located at Trig pole Road. Mean daily discharge 

for both sites was plotted with the cumulative deviation from the mean daily rainfall at Coldstream 3 

(site I.D. 5065). 

 

Groundwater levels and irrigation relationship 

Records of applied irrigation water from the MHIS was used to identify the relationship between 

groundwater levels and irrigation use. Irrigation use was recorded in 28 day intervals over each 242 

day irrigation season, between 2009 and 2017. It should be noted that the data includes only irrigation 

water supplied by the MHIS (i.e., RDR water), and does not take into account applied irrigation water 

sourced from groundwater sources.  

MHIS water usage and a hydrograph for well K38/1571 were plotted to identify groundwater response 

to irrigation. K38/1571 was selected due to its location down gradient of the MHIS (Figure 3.5) and 

high resolution groundwater level data. 
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Figure 3.5 - Locations of long-term rainfall and groundwater sites 
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3.5 Groundwater modelling 

 

3.5.1 Eigen-modelling 

 

Eigen-modelling is a one-dimensional physics-based mathematical tool for assessing the temporal 

response of an aquifer to the influence of time variant recharge and discharge. Eigen-models are based 

around a simple representation of an aquifer, and provide a useful tool for determining the causes of 

aquifer response, particularly where long-term groundwater level trends are the key source of 

information on the historical and current behaviour of an aquifer (Callander and Thomas, 2013). The 

term ‘eigen’ refers to the mathematical concepts of eigenvalues and eigenfunctions, concepts that are 

key to obtaining simplification of complex linear systems (Bidwell and Burbery, 2011).  

The current tool from Bidwell and Burbery (2011) is a Microsoft Excel based application of the Eigen-

model that dates back to the work by Bidwell et al. (1991), and has been used in a number of 

groundwater assessment studies in New Zealand and Australia (Stenger et al., 2008; Williams, 2011; 

Most, 2012; Callander and Thomas, 2013).  

The Eigen-model approximates a solution to the Dupuit-Boussineq equation for transient 

groundwater flow, shown as: 

dt

dh
SQ

dx

hd
T 

2

2

     (3.2) 

where: 

Q = recharge and discharge processes [L3/T] 

T = aquifer transmissivity [L2/T] 

S = aquifer storage [dimensionless] 

h = head in aquifer [L] 

t = time [T] 

x = distance from constant head discharge boundary [L] 

 

A standard soil moisture deficit model is built into the tool from Bidwell and Burbery (2011) that 

processes daily climate data (rainfall and PET) to determine an input to the soil moisture store (and 

can be reduced in days where PET exceeds rainfall), as shown in Figure 3.6.  

 

 

 

 

 Drainage to groundwater Dgw

Near-surface

drainage Dns
Soil water: capacity W

Precipitation R
Evaporation E

Drainage to groundwater Dgw

Near-surface

drainage Dns
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Precipitation R
Evaporation E

 Figure 3.6  – The GDA-LSR (Groundwater data analysis – land surface recharge) model for estimating land surface 
recharge input into the Eigen-model (Bidwell and Burbery, 2011) 
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Inputs to Eigen-models include rainfall and evaporation together with observed groundwater levels 

for comparison with the modelled groundwater levels. The observed groundwater level record is split 

into two parts; a calibration period early in the time series, and the later period used for prediction 

and a check against the validity of the model (Callander and Thomas, 2013). 

The Nash-Sutcliffe coefficient (E) is calculated from the observations and the corresponding model 

prediction. An E value of one indicates a perfect model, zero indicates the average of the observation 

is just as good as the model, and a negative value of E results when the model predictions are worse 

than the average observations (Bidwell and Burbery, 2011). 

 

Limitations 

The eigenvalue approach to groundwater modelling can be applied to any aquifer with complex, 

heterogeneous, anisotropic properties, provided that it constitutes a linear system (i.e., is valid in 

cases where groundwater level fluctuations are small relative to the saturated thickness of the 

aquifer). This means that significant changes in transmissivity with groundwater level can alter 

dynamic characteristics (Bidwell and Burbery, 2011; Williams, 2011). The major limitation of Eigen-

modelling is its inability to produce 3-D numerical models, such as FEFLOW (Williams, 2011). This point 

however, is made up for in part by the ability to run in a spreadsheet with low processing time and its 

low data requirements in terms of inputs (e.g., does not require layer thicknesses and spatially varying 

recharge and discharge) (Williams, 2011). 

 

Eigen-model inputs 

Well K37/0245 has the longest continuous record of groundwater level readings on the HRP, which 

begin in March 1947 and continue to the present. K37/0245 is a relatively shallow well (19.8 m depth 

from surface) and is located near the centre of the MHIS, on Maronan Ealing Road. Anecdotal evidence 

from the land owner indicates border-dyke development on the property, and up-gradient of the well, 

began around 1970, and likely continued through to the early 1980s. Border-dyke use with MHIS water 

was common practise up until 2000 when centre pivot irrigators replaced almost all border-dykes 

nearby. 

Historic rainfall records for the model were obtained from two sources: a NIWA climate station 

(station I.D #5049) located within 3 km of the Hinds Township; and previously unpublished rainfall 

data from a local landowner. Penman-PET was obtained from a NIWA climate station (station I.D 

#39845). 

Rainfall, PET and groundwater level data between 01/01/1960 and 31/12/1969 were used to calibrate 

the model. This period provides a calibration period in which minor groundwater development and 

irrigation had occurred (i.e., the model would therefore predict groundwater levels as if irrigation and 

groundwater development had not occurred).   
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3.5.2 Constructing and comparing piezometric surfaces 

 

Two piezometric surfaces were constructed from surveys that took place during this study; one in 

early September 2016 (prior to the irrigation season), and another in mid-February 2017 (during the 

irrigation season). A third piezometric surface was constructed using raw data from Dommisse (2006), 

recorded in April/May 2006 under predominantly border-dyke conditions. 

Well sites used in the two piezometric surveys carried out in this study were updated with the 

corrected horizontal and vertical coordinates obtained from the well survey, the accuracy of which is 

discussed in section 4.3.1. The corrected coordinates were also applied to the Dommisse (2006) well 

sites, where possible, to improve the accuracy of the derived piezometric surface. Of the 122 well sites 

used by Dommisse (2006), 39 were able to have their coordinates updated as they matched the sites 

in the well survey. The remaining 83 well sites were assigned coordinates provided by the Environment 

Canterbury well database. Thus, the accuracy of the piezometric surface derived from Dommisse 

(2006) cannot be determined. 

The piezometric surfaces were created by importing field data into Surfer™ (build 13.5.583). The 

height of the water table at each point relative to sea level was then interpolated using linear kriging. 

The development of the piezometric surface was constrained using the sea, Rangitata River, Hinds 

River, and inland boundary of the study area. The grid file produced from the kriging was imported 

into ArcMap™ (build 10.3.1) and contoured at 20 m intervals.  

A groundwater level-change map was made using the piezometric surface produced from Dommisse 

(2006) (i.e., under border-dyke irrigation) and the piezometric surface produced from the February, 

2017 survey (i.e., under spray irrigation). This was developed by matching the resolution of both grid 

files, and then using the ArcMap™ raster calculator tool to deduct the Dommisse (2006) piezometric 

surface from the February 2017 piezometric surface. The change in groundwater volume was then 

calculated from this using the surface volume tool in ArcMap™, and then multiplied by the average 

effective porosity of the aquifer. 

 

3.5.3 Leapfrog nitrate-N modelling 

 

Two models were constructed for this study in order to compare the three-dimensional distribution 

of nitrate-N within the same aquifer under different irrigation methods. The nitrate-N values collected 

from 33 groundwater sites during the 2016/2017 irrigation season, and 68 groundwater sites by 

Dommisse (2006) during the 2005/2006 irrigation season, were used to construct the two models.  

Leapfrog Hydro ™ version 2.6.1 (LF), a hydrological software package, was used to create the two 

models. LF uses radial basis functions (RBFs) for its interpolation and extrapolation algorithms, in order 

to make predictions at locations where there are no measurements. RBFs approximate a specific type 

of kriging called dual kriging. Kriging in its simplest form estimates a value at a point as the weighted 

sum of the known samples, and the weights are determined mathematically by the distribution of the 

samples relative to the point an estimate is to be made. Dual kriging uses a similar method to kriging 
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and produces almost identical results, with the advantage of reduced computational time. A 

comprehensive explanation of dual kriging is provided by Horowitz et al. (1996). 

The two groundwater nitrate models were constructed from data obtained in this study and raw data 

from Dommisse (2006), using the same method. First, the middle point of each well screen used in 

either dataset was calculated to provide the location within the aquifer to assign each nitrate-N value. 

The horizontal boundaries were set using the surrounding water features (i.e., Rangitata River, Hinds 

River, and the sea), and the inland boundary of the study area. The upper vertical boundary for each 

model was set using the corresponding piezometric surface, as described in Section 3.5.2. The lower 

vertical boundary was set by creating a straight line between the base of the deepest wells sampled, 

in lieu of data relating to the base of the aquifer. The LF RBF engine was then run with nitrate-N output 

ranges set to New Zealand nitrate-N biodiversity and drinking water standards (<3.8 mg/L, 3.9 – 5.6 

mg/L, 5.7 – 6.9 mg/L, 7.0 – 11.2 mg/L and >11.3 mg/L) (ANZECC, 2000; Hickey, 2013). 

Limitations 

These particular LF models were constructed around the RBF engine only and therefore do not take 

any physical aquifer properties into account (i.e., assumes homogenous conditions). Like any model, 

the accuracy of the predictions (i.e., interpolated values) with distance from known values is difficult 

to determine. Therefore, the results of the model should be treated with a level of uncertainty. This 

uncertainty increases in the model created from the February 2017 data, given its lower density data, 

in comparison to the data provided from Dommisse (2006).  
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Chapter 4: Results & Discussion 
 

4.1 Introduction 

 

This chapter provides an analysis of data collected by Environment Canterbury, NIWA, local 

landowners, Dommisse (2006) and the author during this study. 

Climate data was analysed to determine the relationship between rainfall, irrigation, groundwater 

levels and spring discharge. A trend analysis of long-term groundwater levels was conducted using an 

Eigen-model that utilised daily rainfall, ET and groundwater levels to produce a modelled groundwater 

line versus an observed line. The difference was then used to identify the recharge component from 

irrigation. 

The horizontal and vertical accuracy of well coordinates from the Environment Canterbury well 

database was compared with new coordinates recorded by the author. The piezometric surfaces 

developed from Dommisse (2006) data, and from the data obtained in this study were compared. The 

comparison was made in order to calculate the volumetric change in aquifer storage over the past 

decade. 

A temporal and spatial analysis of nutrients in groundwater and spring-fed drains was conducted. The 

groundwater values for nitrate-N were used to generate a three-dimensional model and compared 

with an additional model based on nitrate-N data from Dommisse (2006). A comparison of the two 

models was used to identify three-dimensional nitrate-N distribution in the HRP under two 

predominantly different irrigation methods. 

A temporal and spatial analysis of stable oxygen, hydrogen and carbon isotopes in groundwater and 

spring-fed drains was conducted. A comparison with isotopic data from the Dommisse (2006) is 

provided to identify changes in the groundwater system between these two periods. 

A discussion is provided that summarises the changes in HRP groundwater quantity and quality in the 

past decade, and how changes in irrigation practises might have influenced these observations. 
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4.2 Climate  

 

4.2.1 Relationship between rainfall and groundwater levels 

 

Coastal groundwater levels and rainfall relationship 

A comparison of the cumulative deviation from the mean daily rainfall at Coldstream 3 and daily 

groundwater levels for site K38/1571 is provided in Figure 4.1. The results of this comparison show 

relatively similar upwards and downwards trends over the 12 year period (i.e., periods of low rainfall 

typically coincide with groundwater level decline, and periods of high rainfall typically coincide with 

groundwater level increases.  

Outside of the irrigation season, fluctuations in groundwater levels and rainfall appear to have a strong 

relationship. Inside the irrigation season, groundwater level increases can be observed that occur 

outside of significant rainfall events. Examples of these include: 

 11th August, 2005 to 11th April, 2006 – Well water level rose ~70 cm during a period of 

relatively low rainfall (270 mm over 240 days). 

 9th March, 2008 to 9th May, 2008 – Well water level rose ~40 cm during a period of relatively 

low rainfall (20 mm over 62 days). 

 1st February, 2010 to 1st May, 2010 – Well water level rose ~40 cm during a period of relatively 

low rainfall (72 mm over 90 days). 

In general, small increases in groundwater levels are typically observed during the last ~60 days of the 

irrigation season. These end-of-season groundwater level increases seem to occur independently to 

rainfall (i.e., groundwater levels increase during periods of low rainfall).  

Between 2004 and 2010, groundwater levels typically increased over their respective irrigation season 

(September to May). After 2010, a decline in groundwater levels is shown in four of the six irrigation 

seasons. In addition, the relationship between rainfall and groundwater levels appears to be more 

consistent (i.e., fewer increases in groundwater levels during dry periods).  
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Figure 4.1 – Daily groundwater levels of K38/1571 (5.32 m depth) and the cumulative deviation of the mean daily rainfall of NIWA climate station Coldstream 3 (site # 5065) 



66 
 

Inland shallow groundwater and rainfall relationship 

A comparison of groundwater levels between the Hinds well cluster (K37/2456, K37/2417 and 

K37/2416) was conducted. All three wells have monthly groundwater level records between 15th July, 

2005 and 8th June, 2011, and daily records between 9th June, 2011 and 7th November, 2016. The results 

showed significantly different hydraulic head in the shallower well (K37/2456) compared to both 

deeper wells (K37/2417 and K37/2416). In addition, groundwater levels in K37/2456 appear to change 

independently to K37/2417 and K37/2416. The two deeper wells showed very similar hydraulic head, 

and temporal changes in groundwater levels. As a result, rainfall data and groundwater levels from 

K37/2456 were plotted separately to K37/2417 and K37/2416. 

A comparison of the cumulative deviation from the mean daily rainfall at rainfall site L1, and 

groundwater levels for the K37/2456 is provided in Figure 4.2. The results from the comparison show 

a general relationship between shallow groundwater levels and rainfall (i.e., groundwater levels 

increase during periods of high rainfall, and ground levels decrease during periods of low rainfall). The 

increased resolution of the daily recorded groundwater level data (i.e., between 2011 and 2016) 

provides stronger evidence of this relationship. Despite this apparent relationship, increases in 

groundwater levels can be observed during periods of relatively low-moderate rainfall. Examples 

include: 

 25th September, 2005 to 9th May, 2006 – Well water level rose ~3.8 m during a period of 

moderate rainfall (362 mm over 227 days). 

 17th October 2007 to 16th April 2008 - Well water level rose ~3.3 m during a period of moderate 

rainfall (318 mm over 183 days). 

 12th January 2010 to 12th May 2010 - Well water level rose ~1.5 m during a period of relatively 

low rainfall (122 mm over 121 days). 

Figure 4.2 shows significant increases in shallow groundwater levels tend to occur within the irrigation 

season. These increases are most notable during the 2005/2006, 2007/2008, 2009/2010 and 

2011/2012 irrigation seasons.  In recent years, this relationship appears to have diminished slightly, 

most notable during the 2014/2015 and 2015/2016 irrigation seasons. 

Decreases in shallow groundwater levels are shown to occur predominantly outside the irrigation 

season. These declines are most notable during the winters of 2005, 2007, 2009, 2011, 2012 and 2016. 

A water level decline of ~4 m also occurred in late 2014, extending into the early 2014/2015 irrigation 

season. These periods of groundwater level decline do not necessarily coincide with periods of low 

rainfall.  
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Figure 4.2 – Groundwater levels of K37/2456 (17 m depth) plotted with the cumulative deviation from the mean daily rainfall of site L1
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Inland deep groundwater and rainfall relationship 

A comparison of the cumulative deviation from the mean daily rainfall at rainfall site L1 and 

groundwater levels for K37/2417 and K37/2416 are provided in Figure 4.3. The results show a weak 

relationship between rainfall and deep groundwater response, in comparison to those shown in 

Figures 4.2 and 4.3.  

The strongest evidence indicating a relationship between rainfall and changes in deep groundwater 

levels can be observed between late 2005 and early 2008. Most notably are the small peaks and 

troughs that appear to coincide with rainfall events during that period. Despite this, the increased 

resolution of the daily groundwater level data recorded between 9th June, 2011 and 7th November, 

2016 indicates little to no correlation between groundwater level change and prior or concurrent 

rainfall events.  

A strong seasonal trend in groundwater levels can be observed in both deep wells over the 11 year 

period. Groundwater level decline entering the irrigation seasons (i.e., September) can be identified 

in every year, excluding the 2006/2007 season, though a small decrease can still be observed. In 

addition, the opposite is true near the end of the irrigation season. Every year shows some increases 

in groundwater levels nearing the end of the irrigation season. This appears to occur regardless of 

climate conditions prior to and during this period.  
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Figure 4.3 - Groundwater levels of K37/2416 (138 m depth) and K37/2417 (76 m depth) plotted with the cumulative deviation from the mean daily rainfall of site L1
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4.2.2 Relationship between rainfall and spring discharge 

 

A comparison of the cumulative deviation from the mean daily rainfall at Coldstream 3 and the mean 

daily discharge of Stormy Drain and Boundary Drain is presented in Figure 4.4. Results of the 

comparison show a general relationship exists between rainfall and discharge at both recorder sites 

(i.e., periods of high rainfall result in increased spring discharge and vice versa). In particular, a strong 

relationship can be seen during high rainfall events and an immediate increase in spring discharge. 

The recorded discharge in Stormy Drain and Boundary Drain appears to fluctuate seasonally. The 

highest flows over a season typically occur near the end of the irrigation season and early winter, 

before decreasing to a period of low flow during early-irrigation and mid-irrigation season.  

The trend line for Boundary Drain discharge shows a decline over the thirteen year period, as does the 

trend line for Stormy Drain, albeit less steep. A decline in flow at both sites is most notable between 

2015 and 2017, and likely associated with low rainfall, improved irrigation efficiencies, or a 

combination or both.  
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Figure 4.4 – Mean daily discharge of Stormy Drain and Boundary Drain plotted with the cumulative deviation of mean daily rainfall of site Coldstream 3.
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4.2.3 Relationship between groundwater levels and scheme water use 

 

Table 4.1 shows the applied irrigation water (mm) and the total irrigated area for the corresponding 

season. The total seasonal usage in volume was calculated by multiplying the irrigated area by the 

applied water. The mean values taken from each 28-day period shows a general trend of relatively 

low water usage in early September, increasing until peak usage occurs between early January and 

late February. Usage generally declines from March to the end of the irrigation season in early May. 

The highest recorded period of MHIS water usage occurred during the 2009/2010 season (16.3 x 107 

m3), and lowest during the 2011/2012 season (8.6 x 107 m3). 

Table 4.1 – Applied irrigation water from the MHIS between the 2009/2010 and 2016/2017 irrigation seasons 

 

A groundwater level hydrograph of well K38/1571, cumulative deviation from the mean daily rainfall, 

and MHIS water usage is shown in Figure 4.5. The results show a general trend of steady or increasing 

groundwater levels during high MHIS water usage, and likely explains the groundwater response 

during periods of low rainfall, as discussed in Section 4.2.1. Occurrences of groundwater level rise 

during periods of MHIS water usage and low rainfall can be observed between: 

 March, 2010 and May, 2010 

 March, 2014 and May, 2014 

 March, 2015 and May, 2015 

 April, 2016 and June, 2016 
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Season totals 

Year 
Irrigated area 

(Ha) 
Applied water (mm) (mm) (x 107 m3) GL 

2009-10 31,991 49 6 84 64 82 71 82 66 7 511 16.3 163 

2010-11 32,601 32 78 76 86 63 66 18 2 0 417 13.5 135 

2011-12 32,794 7 10 44 51 77 58 2 10 5 265 8.6 86 

2012-13 32,794 29 16 22 77 73 81 50 26 0 373 12.2 122 

2013-14 32,895 3 28 68 53 82 80 19 4 0 337 11.0 110 

2014-15 33,284 22 60 78 70 86 79 32 5 0 432 14.3 143 

2015-16 33,528 11 83 75 85 51 69 80 13 16 483 16.1 161 

2016-17 33,901 26 14 34 71 67 97 31 1 1 341 11.5 115 
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Figure 4.5 –Total scheme water usage over 28 day intervals, cumulative deviation from the mean daily rainfall and daily groundwater levels of K38/1571 (5.32 m depth) 
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4.2.4 Eigen modelling 

 

The results of the Eigen-model show a strong relationship between the modelled and observed 

groundwater levels during the calibration period (E value of 0.732) (Figure 4.6). Modelled peaks during 

the calibration period were predicted close to the observed peaks. Modelled troughs were also 

predicted close to the observed troughs, though significant drops in observed groundwater levels 

were plotted slightly too conservatively by the model (i.e., late 1960 and late 1967). 

The results of the Eigen-model show two distinctly different periods; the first period shows the 

observed groundwater levels becoming consistently higher than the modelled groundwater levels, 

and the second period shows the observed and modelled groundwater levels plotting far more closely. 

The first period, in which the observed line deviates from the modelled line, begins in the early 1980s 

and remains consistently above the modelled groundwater line until around 2000-2005. The peaks in 

observed groundwater levels during this period generally occur within irrigation seasons, and 

frequently do so independently to the modelled line. The difference between the observed and 

modelled groundwater levels ranges from 0.5-6 m during the peaks, and 1-4 m during the troughs. An 

additional figure is provided that focuses only on the period from 1980 to 2004 so as to more easily 

identify the relationship of the two lines (Figure 4.7) 

The second period, in which the observed and modelled groundwater levels plot far more closely, 

occurs around 2000-2005 and continues to the end of the model in 2016. The observed and modelled 

lines fit much more closely during this period, with the exception of some low troughs, most notably 

the lowest observed reading during September 2006. Early 2013 to the end of the model marks a 

transition in which the modelled groundwater levels begin exceeding the observed groundwater 

levels. An additional figure is provided that focuses only on the period between 2000 and 2016 to 

more easily identify the relationship of the two lines (Figure 4.8). 
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Figure 4.6 – Eigen-model of well K37/0245 

 

112

114

116

118

120

122

124

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

G
ro

u
n

d
w

at
er

 le
ve

l (
m

 a
sl

)

Year

Observed Modelled

Significant use of border dyke and wild flooding occurs 

during this period (see Figure 4.8) 

Major use of spray irrigation 

(see Figure 4.9) 

Calibration period 

Jan 1960 – Dec 1969 



76 
 

 

 

 

Figure 4.7 – Eigen model of K37/0245 during periods of significant wild flooding and border-dyke use. The modelled line predicts groundwater levels without the irrigation recharge component. 
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Figure 4.8 – Eigen model of K37/0245 during a period of improvements in irrigation efficiencies (i.e., border-dyke to spray type conversions) 

  

112

114

116

118

120

122

124

2000 2005 2010 2015

G
ro

u
n

d
w

at
er

 le
ve

l (
m

 a
sl

)

Year

Observed Modelled



78 
 

4.3 Groundwater levels 

 

4.3.1 Well survey results  

 

Results from the well survey conducted during this study and a comparison to the coordinates from 

the existing Environment Canterbury well database (https://canterburymaps-

ecan.opendata.arcgis.com/datasets/wells-and-bores) are presented in this section. Raw data 

obtained in the well survey are provided in Appendix 1.1.  

The well survey captured 57 points with horizontal precision (i.e., measurement error specified by the 

GPS) ranging from 0.1 m to 0.7 m, and a median of 0.3 m. The vertical precision ranged from 0.1 m to 

1.2 m, with a median of 0.5 m (see Table 4.2). 

The horizontal distance between points obtained during this study and existing Environment 

Canterbury coordinates were calculated using QGIS. Table 4.2 shows a mixture of horizontal distances 

between points ranging from <1 m (K38/2200) to 128 m (K37/0231) with a median distance of 8.13 

m. K38/2200 was the single site in which the recorded horizontal precision had a greater inaccuracy 

than the difference between the two datasets (i.e., the measurement error was greater than the 

horizontal difference). 

The differences in elevation were calculated by deducting the Environment Canterbury elevation from 

the elevation obtained in this study. The results show differences in elevation ranging from <10 cm 

(K37/0044) to 8.24 m (K38/1841), with a median vertical difference of 1.08 m. The vertical precision 

from 8 of the 57 measurements were less accurate than the difference between the two datasets (i.e., 

the measurement error is greater than the difference in elevation). Of the remaining 49 wells, 26 wells 

(53%) showed differences in elevation greater than 1 m, and 14 wells (29%) showed differences in 

elevation greater than 2 m.  

 

Table 4.2 - Horizontal and vertical differences of well sites surveyed during this study compared with those from the 
Environment Canterbury database 

Well 
number 

Horizontal 
difference (m) 

Horizontal 
precision +/- (m) 
from this study 

Vertical 
difference (m) 

Vertical precision 
+/- (m) from this 

study 

K37/0044 7.54 0.1 0.00 0.1 

K37/0045 8.51 0.7 1.86 1.1 

K37/0096 7.47 0.3 1.22 1.0 

K37/0231 128.45 0.4 -0.47 0.8 

K37/0251 8.21 0.1 -1.00 0.2 

K37/0314 85.64 0.3 -0.61 0.5 

K37/0442 15.46 0.5 -2.79 0.7 

K37/0604 9.99 0.4 -1.24 0.3 

K37/1011 4.28 0.3 -2.73 0.3 

K37/1117 4.34 0.6 0.20 0.6 

K37/1148 18.00 0.7 3.56 0.7 

K37/1409 5.92 0.2 1.72 0.3 

K37/1454 5.74 0.6 2.00 0.7 

K37/1466 11.55 0.1 3.55 0.1 

https://canterburymaps-ecan.opendata.arcgis.com/datasets/wells-and-bores
https://canterburymaps-ecan.opendata.arcgis.com/datasets/wells-and-bores
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K37/1489 18.14 0.6 3.34 0.8 

K37/1525 2.29 0.3 5.00 0.3 

K37/1531 12.63 0.3 0.00 0.5 

K37/1574 10.46 0.3 2.65 0.4 

K37/1617 4.93 0.1 -0.57 0.1 

K37/1648 27.80 0.4 1.65 0.5 

K37/1727 20.26 0.2 2.32 0.4 

K37/1865 11.23 0.4 3.83 0.6 

K37/1999 12.11 0.2 -0.90 0.2 

K37/2036 7.38 0.4 1.70 0.6 

K37/2136 8.37 0.1 -1.53 0.1 

K37/2183 42.77 0.2 -0.86 0.2 

K37/2259 9.07 0.5 0.36 1.2 

K37/2270 1.36 0.2 1.82 0.3 

K37/2272 16.98 0.2 -3.82 0.3 

K37/2331 10.91 0.5 -2.16 0.6 

K37/2360 3.41 0.5 1.83 0.7 

K37/2412 10.91 0.1 0.81 0.1 

K37/2468 5.43 0.4 -0.56 0.5 

K37/2479 11.07 0.4 2.33 0.7 

K37/2531 35.40 0.6 6.19 0.8 

K37/2546 28.44 0.2 4.04 0.3 

K37/2549 5.76 0.3 0.82 0.4 

K37/2551 108.44 0.4 5.08 0.3 

K37/2560 3.17 0.2 1.08 0.3 

K37/2766 7.18 0.3 1.70 0.5 

K37/2834 22.11 0.5 -0.96 0.8 

K37/3139 5.54 0.5 -0.44 0.7 

K37/3176 38.03 0.5 3.99 0.7 

K37/3311 3.62 0.2 0.26 0.3 

K38/0102 2.78 0.4 1.19 0.6 

K38/0384 1.71 0.1 0.16 0.2 

K38/0517 8.13 0.4 0.88 0.5 

K38/0745 4.97 0.1 1.29 0.3 

K38/0974 0.76 0.5 2.92 0.6 

K38/1019 5.34 0.2 1.12 0.4 

K38/1271 6.45 0.5 -1.22 0.8 

K38/1374 8.28 0.2 0.40 0.3 

K38/1774 5.90 0.1 1.02 0.1 

K38/1841 5.78 0.4 8.74 0.5 

K38/1843 7.42 0.3 1.53 0.6 

K38/2200 0.67 0.1 4.31 0.1 

K38/2241 5.34 0.1 -1.00 0.1 

Min 0.67 0.1 0.00 0.1 

Max 128.45 0.7 8.74 1.2 

Median 8.13 0.3 1.08 0.5 
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4.3.2 Seasonal changes in groundwater levels 

 

The results from groundwater level monitoring of 18 wells are presented in this section. The sites were 

recorded every two months between September 2016 and May 2017, with the exception of March 

2017, which was recorded two weeks earlier than scheduled. Of the 18 sites monitored, 12 sites have 

1 or more gaps in the data, a result of well pumping at the time a water level reading was attempted. 

The purpose of monitoring these wells was to identify temporal and spatial variation in groundwater 

levels on the HRP. The well locations and depths can be seen in Figure 4.9.  

Similar fluctuations in groundwater levels can be seen in a number of wells across the HRP. In general, 

shallow wells (<30 m depth) were shown to increase/decrease similarly to other shallow wells within 

proximity (see Figure 4.10). Well sites K38/0412 and K38/2200, located near the coast, show similar 

changes in groundwater levels (i.e., increase between November and January, followed by a January 

to February decline, and an increase from February to May). Well site K38/1894, also located at the 

coast, appears to fluctuate independently to the surrounding wells near the coast.  

Shallow well sites K38/0102 and K37/0096, located adjacent to the Rangitata River, showed similar 

changes in groundwater levels over the course of this study. Closer to the Hinds Township, shallow 

well sites K37/0243 and K37/0442 showed similar changes in groundwater levels.  

In general, changes in groundwater levels from deep wells did not match the changes in groundwater 

levels of nearby shallow wells (see Figure 4.11). Despite this, all sites with available data, regardless of 

depth, showed an increase in groundwater level between Feb 2017 and May 2017, with the exception 

of K37/1574. 
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Figure 4.9 – Groundwater sites monitored every two months between September 2016 and May 2017 
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Figure 4.10 – Groundwater level readings from shallow wells (<30 m depth from surface) recorded between September 2016 and May 2017 on the HRP. All plots use a vertical axis range of 5 meters, with the exception of K37/0096. 
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Figure 4.11 – Groundwater level readings from deep wells (>30 m depth from surface) recorded between September 2016 and May 2017 on the HRP. All plots use a vertical axis range of 20 meters, with the exception of K37/2546. 
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4.4 Piezometric survey 

 

This section discusses piezometric surfaces developed from a survey conducted in September 2016 

(outside irrigation season) and February 2017 (under irrigation). A comparison of the February 2017 

survey (under spray irrigation) is made with results from Dommisse (2006), who measured 

groundwater heads under border-dyke irrigation. The raw data obtained from the surveys conducted 

in this study are provided in Appendix 1.2. 

 

4.4.1 Pre 2016-2017 irrigation season 

 

Results of the September 2016 survey show a general flow direction moving from inland to the coast, 

(i.e., the same general direction as the slope of the topography) (Figure 4.12). The hydraulic gradient 

from the coast to the inland MHIS boundary was 5.93 m/km, with a steeper slope of 6.23 m/km 

occurring on the upper plains (between SH1 and the inland MHIS boundary) compared to the more 

gradual slope of 5.82 m/km on the lower plains (coast to SH1).  

In general, piezometric contours inland of SH1 show a higher piezometric head near the Rangitata 

River and decreasing piezometric head towards the centre of the HRP. The opposite occurs below SH1 

which shows decreasing head closer to the Rangitata River, indicated by the 80-20 m contour lines. At 

a smaller scale, increasing hydraulic head with proximity to the Rangitata River can be seen at Ealing 

on the 100 m contour, and near Coldstream on the 40 m groundwater contour. Both of these areas 

have a high density of sampled wells, and likely give a more accurate representation of Rangitata River 

gains/losses than the other piezometric contours.  

Gains and losses from the Hinds River could not be identified in the survey, largely due to a limited 

number of nearby well sites. The 40, 60 and 80 m contours have nearby well sites and show a small 

increase in piezometric head closer to the Hinds River. 
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Figure 4.12 – Piezometric contours for the main aquifer system of the Hinds-Rangitata Plain captured in early September, 2016.    Figure 4.13 - Piezometric contours for an inferred localised aquifer situated between the Hinds Township and the Mayfield Township. 
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In general, deep wells situated in well clusters show lower hydraulic head compared to the nearby 

shallow wells. This trend is shown in well pairs K37/0231 and K37/2259 (~3.5 m difference in head), 

and K38/0974 and K38/1843 (~1.5 m difference in head), indicating a downward hydraulic gradient.  

Despite the small variation in hydraulic head with depth occurring over much of the HRP, significantly 

different hydraulic head can be observed in the shallow and deep wells between the Hinds Township 

and the Mayfield Township, an area previously described by Dommisse (2006) as a second separate 

aquifer. The shallow wells surveyed in this area range in depths from 9 m to 17 m, and fit with the 

piezometric contours of the main aquifer system. The deeper wells in the area range in depth from 63 

m to 153 m and measured hydraulic head values do not fit piezometric contours of the main aquifer 

system. For this reason they have been plotting as a localised aquifer. This localised aquifer shows 

piezometric head near the Hinds Township to be approximately 15m lower than the main aquifer 

system. Further inland at the McDougall Road – Cracroft Maronan Road Junction, the difference in 

piezometric head between the main aquifer system and the localised aquifer increases to 

approximately 55 m. The hydraulic gradient of the localised aquifer was calculated at 3.31 m/km, 

which is considerably more gradual compared to the main aquifer system (see Figure 4.13). 

Further evidence of the localised aquifer described by Dommisse (2006) is provided by two well 

clusters: the Hinds well cluster (K37/2416, K37/2417 and K37/2456), discussed in section 4.2, and a 

well cluster located on McDougalls Road near Lismore (K37/1788, K37/0828 and BY20/0154). The 

Lismore wells are located less than 3 meters apart horizontally (see Appendix 1.3), and have their 

depths at 13 m (K37/1788), 66 m (K37/0828) and 114 (BY20/0154). Results of the piezometric study 

showed a hydraulic head of 152.70 m in the shallow well, a completely dry middle well, and 95.32 m 

in the deep well. Furthermore, over the course of this study a nearby well to the Lismore cluster went 

dry. This well (K37/0105) was located at a similar depth (63 m) to the dry well from the Lismore cluster. 

 

4.4.2 2016/2017 irrigation season 

 

Results from the piezometric survey conducted during February 2017 show similar results to the 

September 2016 piezometric survey (Figure 4.14). Comparing the hydraulic gradient to the September 

results, the February piezometric surface showed a steeper slope of 6.06 m/km from the coast to the 

inland MHIS boundary, compared to 5.93 m/km in September. The hydraulic gradient found on the 

lower plains (between the coast and SH1) showed an increase to 5.93 m/km from 5.82 m/km in 

September, whereas the upper plains (between SH1 and the inland MHIS boundary) showed a more 

decrease in hydraulic gradient to 6.12 m/km, compared to 6.23 m/km m/km in September. 

No significant changes in flow direction could be identified between the February 2016 and September 

2017 survey. This might, in part, be due to the reduced number of wells surveyed in February, a result 

of frequent well usage during the irrigation season. Additionally, too few wells were surveyed during 

this period to produce a piezometric surface from the localised aquifer found between the Hinds 

Township and Mayfield Township. 

 

https://www.ecan.govt.nz/data/well-search/welldetails/SzM3LzE3ODg%3D/SzM3LzE3ODgg
https://www.ecan.govt.nz/data/well-search/welldetails/SzM3LzA4Mjg%3D/SzM3LzA4Mjg%3D
https://www.ecan.govt.nz/data/well-search/welldetails/QlkyMC8wMTU0/QlkyMC8wMTU0
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Figure 4.14 - Piezometric contours for the main aquifer system of the Hinds-Rangitata Plain captured in mid-February, 2017 
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4.4.3 Piezometric surface comparison of the 2005/2006 irrigation season and 2016/2017 irrigation 

season 

 

A groundwater level-change map was produced from two major piezometric surveys to provide a 

comparison of regional groundwater levels under border-dyke and spray irrigation (Figure 4.15).  

Rainfall data provided in section 4.2 shows similar dry periods occurred prior to the Dommisse (2006) 

piezometric survey and the piezometric surveys carried out during this study. Groundwater levels prior 

to the commencement of the corresponding irrigation season were also similar for both surveys and 

presents a good comparison for this study. 

The results show a general decline in groundwater levels between these two points in time. Spatially, 

the most significant groundwater level decline occurs above SH1 (10-17 m). Below SH1, the decline in 

groundwater levels are typically less in comparison, ranging between 0-9 m. In most areas, 

groundwater decline appears stronger in the centre of the HRP.  

Increases in groundwater levels of up to 4 m were shown near the coast, close to the Hinds River. The 

cause of this increase is difficult to determine, and might relate to the flow regime of the Hinds River 

during both surveys. The area also contains few wells from the 2017 survey, and therefore might 

simply reflect low accuracy extrapolation resulting from the kriging. 

A volumetric decrease of 262.61 GL was calculated over the 11 year period, assuming an average 

effective porosity of 0.17 (Dann et al., 2008). A common-sense approach was used to check the 

volumetric value by multiplying the average difference in piezometric surface elevation (-4.4467 m), 

with the area (317.43 km2), and the average effective porosity (0.17) (Dann et al., 2008). The 

calculation showed a similar value of 267.42 GL. Using the original value of 262.61 GL, an annual 

volumetric decrease of 23.87 GL can be determined between 2006 and 2017. This is equal to 

approximately 18.4% of the annual average irrigation volume (i.e., between 2009 and 2017), or 27.4% 

of the annual groundwater abstraction volume in 2006 (Dommisse, 2006).  
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Figure 4.15 – Changes in groundwater levels between the 2005/2006 irrigation season (under predominately border-dyke 
irrigation) and the 2016/2017 irrigation season (under predominately spray type irrigation). 
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4.5 Changes in groundwater discharge and velocity 

 

This section uses the hydraulic gradients discussed in section 4.4 and aquifer properties defined in 

additional literature to calculate changes in groundwater discharge and velocity. Table 4.3 provides a 

list of assumptions for these calculations: 

Table 4.3 – Assumed HRP aquifer parameters 

Parameters used in calculations Value 

Hydraulic conductivity within preferential channels (Dann et al., 2008) 8,400 m/day  

Hydraulic conductivity within an alluvial gravel aquifer (Dann et al., 2008) 100 m/day  

Effective porosity within preferential channels (Dann et al., 2008) 0.315 

Effective porosity within an alluvial gravel aquifer (Dann et al., 2008) 0.17 

Estimated average aquifer thickness (Davey, 2006; Dommisse, 2006) 150 m 

Study area length (i.e., from the coast to Ruapuna) 35 km 

 

The flow volumes (Equation 1.7) and groundwater velocities (Equation 1.8) were calculated using the 

hydraulic conductivity and effective porosity for both the preferential channels and matrix. Thus, the 

result of the calculations are presented as ranges in Table 4.4. 

Table 4.4 – Hydraulic gradient, groundwater velocity and flow volume for the HRP under different irrigation conditions 

Piezometric survey 
Hydraulic 
gradient 

Linear groundwater 
velocity (m/day) 

Flow volume (m3/sec) 

HRP aquifer under spray 
type irrigation (2017) 

0.0061 3.6 - 162.7 37.1 – 3039.4 

HRP aquifer outside 
irrigation season (2016) 

0.0052 3.1 – 138.7 31.6 – 2654.2 

Localised aquifer outside 
irrigation season (2016) 

0.0033 1.9 – 88.0 - 

HRP aquifer under border-
dyke irrigation (2006) 

0.0066 3.9 – 176.0 40.1 – 3368.8 

 

The calculated groundwater velocities and flow volumes from all surveys showed large ranges 

(typically two orders of magnitude difference) due to the different physical properties of the 

preferential channels and matrix. Overall, HRP groundwater velocity and flow volume was greatest 

under border-dyke irrigation, then spray irrigation and unirrigated conditions. Groundwater velocity 

was calculated for the localised aquifer, based on the assumptions from Table 4.3, and showed a 

slower velocity than the main aquifer system due to the more gradual slope. Flow volume was not 

calculated due to the unknown aquifer thickness and length.  
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4.6 Groundwater and surface water chemistry 

 

This section discusses the temporal and spatial distribution of nitrate-N and DRP in groundwater and 

surface water on the HRP. All samples were collected by the author over the course of this study. Raw 

data for the groundwater sites and surface water sites are provided in Appendix 1.4 and Appendix 1.5 

respectively. 

 

4.7.1 Spatial variation of nutrients pre-irrigation 

 

The results for groundwater nitrate-N concentrations captured in the September 2016 survey show a 

wide range of values (Figure 4.16). The lowest value obtained was 0.08 mg/L, captured in one of the 

deeper wells sampled (95 m depth). The highest value obtained was 13.7 mg/L, captured in one of the 

shallower wells sampled (9 m depth). An average nitrate-N concentration of 8.8 mg/L was found to be 

greater in shallow groundwater (<30 m depth), compared to the average of 6.4 mg/L found in the 

deeper wells (>30 m depth).  

The nitrate-N concentrations found in the spring-fed drains had a smaller range than the values 

obtained in groundwater samples. The highest concentration found in spring-fed drains was 12.3 

mg/L, recorded at Griggs Drain. The lowest value was 9.2 mg/L, recorded at Wrens Road. The average 

nitrate-N concentration recorded in the spring-fed drains was 10.5 mg/L.  

Samples were collected from the Rangitata River at the Orari Bridge and SH1 sites during the 

September 2016 survey. The Orari Bridge site showed a nitrate-N concentration of 0.3 mg/L. Further 

down-stream at the SH1 site, an increase to 7.3 mg/L was obtained. The stable isotope analysis in 

Section 4.9 indicates the elevated nitrate-N from the SH1 site likely came from groundwater seepage 

entering the Rangitata River, and therefore probably does not accurately represent the average 

nitrate-N concentration of the Rangitata River at that point. A third value was unable to be obtained 

from the Rangitata River mouth due to high flows and flooding at that time. A single sample was 

collected from the Hinds River at Surveyors Road, which showed a nitrate-N concentration of 3.1 mg/L. 

The results for groundwater DRP concentrations captured in September 2016 show a range in values 

from 0.04 mg/L to 0.29 mg/L (Figure 4.17). An average value of 0.15 mg/L was found in shallow wells 

(<30 m depth) and 0.10 mg/L in deep wells (>30 m depth).  

The spring-fed drains showed a range of DRP values from 0.09 mg/L, captured at Griggs Drain, to 0.17 

mg/L, captured at Ocean View Road. The average concentration of DRP in the drains was 0.14 mg/L. 

Samples collected at the Rangitata River and Hinds River showed values of 0.16 mg/L and 0.11 mg/L 

respectively.  
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Figure 4.16 – Nitrate-N distribution in groundwater and surface water sites outside the irrigation season.  
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Figure 4.17 – DRP distribution in groundwater and surface water sites outside the irrigation season.  
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4.7.2 Spatial variation of nutrients under irrigation 

 

The results for groundwater nitrate-N concentrations captured in the February 2017 survey show a 

wide range of values (Figure 4.18). The lowest value obtained was 0.9 mg/L, captured from a well with 

a depth of 47 m. The highest value obtained was 19.6 mg/L, recorded from the same shallow well that 

had the highest value recorded in the September 2016 survey. An average nitrate-N concentration of 

10.8 mg/L was found in shallow groundwater (<30 m depth), up from 8.8 mg/L recorded in September 

2016. An average of 9.5 mg/L was obtained in the deeper wells (>30 m depth), up from 6.4 mg/L 

recorded in September 2016.  

The highest concentration of nitrate-N captured in the spring-fed drains during the February 2017 

survey was 12.0 mg/L, recorded at Hendersons Drain. The lowest value was 7.7 mg/L, recorded at 

Wrens Road. The average nitrate-N concentration recorded in the spring-fed drains was 10.1 mg/L, 

down slightly from the average of 10.5 mg/L recorded in September 2016.  

Nitrate-N values from the Rangitata River were relatively unchanged compared to the September 

2016 values. On the upper plains, the Orari Bridge site showed a reading of 0.4 mg/L. Further down-

stream at the SH1 site, a value of 3.4 mg/L was obtained. The stable isotope analysis in Section 4.9 

indicated again that the sample collected from this site likely came from groundwater seepage 

entering the Rangitata River and therefore do not accurately represent the average nitrate-N 

concentration of the Rangitata River at that point. The value recorded further downstream at the 

Rangitata River mouth was 0.6 mg/L. Samples from the Hinds River showed values of 1.6 mg/L at 

Surveyors Road, and 9.1 mg/L at Poplar Road, indicating a significant increase in nitrate-N 

concentration over a short distance. 

The results for groundwater DRP concentrations captured in February 2017 show a range in values 

from 0.04 mg/L to 0.29 mg/L (Figure 4.19). An average concentration of 0.09 mg/L was found in 

shallow wells (<30 m depth), down from 0.15 mg/L recorded in September 2016. An average of 0.11 

mg/L was recorded in deep wells (>30 m depth), up from 0.10 mg/L recorded in September 2016. 

The spring-fed drains showed a range of DRP values from 0.07 mg/L, captured at Hendersons Drain, 

to 0.23 mg/L, captured at Griggs Drain. The average concentration of DRP in the drains was 0.13 mg/L, 

down slightly from 0.14 mg/L recorded in September 2016. Samples collected at the Rangitata River 

showed values of 0.07 mg/L at Orari Bridge, 0.09 mg/L at SH1 and 0.08 mg/L at the river mouth. The 

Hinds River showed values of 0.06 mg/L at Surveyors Road and 0.11 mg/L at Poplar Road. 
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Figure 4.18 – Nitrate-N distribution in groundwater and surface water sites during the irrigation season.  
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Figure 4.19 - DRP distribution in groundwater and surface water sites during the irrigation season.  
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4.7.3 Seasonal variation of nitrogen-nitrogen in HRP groundwater and surface water 

 

Groundwater and surface water samples were collected from twenty-two sites every two months to 

identify seasonal changes in nitrate-N concentrations. The raw data from this sampling program is 

provided in Appendix 1.6. 

The results show elevated nitrate-N concentrations in groundwater and spring-fed drains (Figure 

4.20). Average shallow groundwater (<30 m depth) was below the drinking water standard of 11.3 

mg/L (ANZECC, 2000) between September 2016 and January 2017 before increasing to 12.9 mg/L  in 

February 2017 and 11.4 mg/L in May 2017. Deep groundwater typically showed lower concentrations 

of nitrate-N compared to shallow groundwater. Over the course of this study, a similar trend was 

observed in nitrate-N concentration between average deep groundwater and average shallow 

groundwater. 

Spring-fed streams showed elevated nitrate-N concentrations at levels similar to shallow 

groundwater. Only small variations of nitrate-N concentrations were observed at each spring-fed drain 

site during this period. The Hinds River, which is supplied by a number of spring-fed drains, showed 

relatively low nitrate-N levels at the Surveyors Road site that might indicate mixing with river recharge 

further up the catchment.  

 

 

Figure 4.20 – Seasonal variation of average nitrate-N in shallow groundwater (<30 m depth), deep groundwater (>30 m 
depth), spring-fed drains and the Hinds River 
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4.8 Modelling of nitrate-N 

 

4.8.1 Border-dyke and spray type irrigation comparison 

 

Two groundwater nitrate-N models were developed to identify the three-dimensional distribution of 

nitrate-N in HRP groundwater under border-dyke and spray type irrigation.  

The first model was developed using the nitrate-N values from groundwater samples collected during 

the 2016/2017 irrigation season, as previously presented in Figure 4.18. This model provides a 

snapshot of the HRP groundwater system under almost entirely spray type irrigation (~96% of the 

total irrigated area). The model shows a general trend of increasing nitrate-N concentration in 

groundwater within proximity to the surface and the coast (Figure 4.21). The areas with the highest 

levels of nitrate-N in the model (i.e., >10 mg/L nitrate-N) are found in shallow groundwater around 

Ealing, Lowcliffe, Coldstream, and between the Hinds Township and Lismore. The area between the 

Hinds Township and Lismore also shows elevated levels of nitrate-N in deep groundwater. In general, 

groundwater nitrate-N values were typically lower above SH1 (i.e., between Lismore and Carew) 

compared to the area below SH1, most notably in two wells (K37/3176 and K37/2272), which 

contained nitrate-N values below 2.0 mg/L.  

The second model was developed using groundwater samples collected by Dommisse (2006) during 

the 2005/2006 irrigation season. This model provides a snapshot of the HRP groundwater system 

under almost entirely border-dyke irrigation (~86% of the total irrigated area) (Dodson, 2006; 

Dommisse, 2006). The model shows generally low levels of nitrate-N (i.e., <5.6 mg/L) with some 

stratification of groundwater nitrate-N concentration, as seen in the 2017 groundwater model (i.e., 

decreasing nitrate-N values with depth) (Figure 4.22). Despite this similarity between the two models, 

there does not appear to be a strong increase in nitrate-N concentration with proximity to the coast. 

In addition, the areas of shallow groundwater that show elevated nitrate-N concentration are not 

consistent across the HRP as they were in the 2017 groundwater model, appearing as local patches. 

Similarly, shallow groundwater containing low nitrate-N concentration (i.e., <3.8 mg/L) follows a 

similar pattern that shows local patches in this model. This inconsistency in the distribution of shallow 

groundwater nitrate-N concentration might simply relate to the higher density of data from Dommisse 

(2006) providing a more accurate depiction of the groundwater system, or perhaps shows a possible 

dilution effect from border-dyke use that is not present under spray type conditions. 

Cross sections of the two models are presented in Figure 4.23 and 4.24 and illustrate the degree of 

change in groundwater nitrate-N concentration between these two snapshots. Despite this, both 

periods show similar problematic areas in Figure 4.23, most notably in shallow groundwater around 

SH1 and closer to the coast. In Figure 4.24, similar problematic areas for both models appear in shallow 

groundwater inland of SH1, and closer to the coast. These areas of contamination found in both 

models suggest the Dommisse (2006) data might simply indicate early groundwater contamination 

that has declined further over time. 
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Figure 4.21 – Nitrate-N concentration in HRP groundwater. Groundwater samples were obtained during the 2016/2017 irrigation season under predominantly spray type irrigation. 

 

Figure 4.22 - Nitrate-N concentration in HRP groundwater. Groundwater samples were obtained during the 2005/2006 irrigation season by Dommisse (2006) under predominantly border-dyke irrigation.
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Figure 4.23 - A-A’ cross sections showing groundwater nitrate-N concentration. (Upper) 2016/2017 irrigation season. (Lower) 2005/2006 irrigation season. 
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Figure 4.24 – B-B’ cross sections showing groundwater nitrate-N concentration. (Upper) 2016/2017 irrigation season. (Lower) 2005/2006 irrigation season.
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4.9 Stable isotope analysis 

 

In this section the stable isotopes of oxygen, hydrogen and carbon were used to identify sources and 

flow paths of water on the HRP. Isotopic values from groundwater and surface water samples obtained 

during September 2016 and February 2017 are presented, and compared with the data from 

Dommisse (2006). The isotopic data obtained in this study can be found in Appendix 1.7 and 1.8. 

 

 

Figure 4.25 – Hinds-Rangitata Plain groundwater and surface water δ18O and δ2H plotted against the GMWL. 

Results of the isotope analysis show groundwater and surface water δ18O and δ2H values obtained in 

September 2016 plotted approximately on the global meteoric water line (GMWL) (Figure 4.25). The 

February 2017 δ18O and δ2H values plotted off the GMWL to the right, a result of more positive δ18O 

values. This shift to the right of the GMWL likely reflects surface derived recharge from a more 

evaporated ‘summer’ water. 

 

4.9.1 Spatial variation of stable isotopes on the HRP outside the irrigation season 

 

Results from the September 2016 monitoring program show a general trend of decreasing δ18O and 

δ2H values in groundwater with increasing distance inland (Figure 4.26 and 4.27). Below SH1, 

groundwater δ18O values ranged between -8.11 and -8.71 0/00. Above SH1 groundwater δ18O values 

were typically more negative in comparison, ranging from -8.41 to -8.99 0/00.  

Spring-fed drains at the coast showed similar or slightly more positive δ18O and δ2H values than those 

obtained in nearby wells. This relationship indicates similar recharge pathways with the likely addition 

of younger meteoric water entering the spring-fed waterways as surface runoff. Notably different δ13C 
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values were found in the shallow coastal groundwater and nearby spring-fed drains, with more 

negative values observed in groundwater (Figure 4.28). This difference is likely a result of DIC 

outgassing in the spring-fed drains suggesting there is little additional groundwater entering the drain 

between the discharge point of the spring and the sample point in the drain. 

Isotopic δ18O, δ2H and δ13C compositions for the upper Rangitata River site showed inland/high 

altitude origins that had not picked up subsurface organic-derived carbon. Further downstream at the 

SH1 site, the isotopic composition had changed due to mixing waters - some groundwater and some 

younger meteoric water from inland source areas. The source of this groundwater likely originated 

from nearby terrace riser springs described by Dommisse (2006) and Burbery (2012), mixing on the 

north-eastern side of the Rangitata River where the sample was collected.  
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Figure 4.26 - δ18O values for groundwater and surface water sites on the HRP obtained in early September 2016.   
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Figure 4.27 – δ2H values for groundwater and surface water sites on the HRP obtained in early September 2016.   
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Figure 4.28 – δ13C values for groundwater and surface water sites on the HRP obtained in early September 2016.   
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4.9.2 Spatial variation of stable isotopes on the HRP during the irrigation season 

 

Results from February 2017 show the same general trend of decreasing δ18O and δ2H groundwater 

values with increasing distance inland (Figure 4.29 and 4.30), as seen in September 2016. Below SH1, 

groundwater δ18O values ranged between -7.55 and -8.71 0/00. Above SH1 groundwater δ18O values 

were typically more negative in comparison, ranging from -8.43 to -9.19 0/00. The results show slightly 

more negative δ18O values than those found in Stewart et al (2002) who estimated an average δ18O 

value of -7.6 to -8.4 0/00 between the coast and 25 km inland (i.e., Carew) in rainfall recharged 

groundwater (i.e., without the addition of alpine sourced irrigation water). Between 25 – 50 km inland 

(i.e., between Carew and the foothills of the Southern Alps), Stewart et al (2002) estimated δ18O values 

of -8.4 to -9.2 0/00 for rainfall recharged groundwater. 

The groundwater δ13C values captured under irrigation showed a median value of -19.03 0/00 on the 

HRP, which was slightly more positive than the -19.62 0/00 recorded outside the irrigation season in 

September 2016. This change to a more positive δ13C value might reflect the addition of irrigation 

water to the groundwater system that has not yet picked up subsurface organic-derived carbon. 

Spring-fed drains at the coast showed similar or slightly more positive δ18O and δ2H values than those 

obtained in nearby wells, as was observed in September 2016. Two samples taken from Hinds River 

showed δ18O, δ2H and δ13C matching the isotopic composition typically found in the spring-fed drains. 

The two samples collected in the upper Rangitata River (i.e., at Geraldine-Arundel Road and SH1) were 

collected during a period of flooding and likely do not reflect a normal representation of the river. This 

is reflected in the more positive δ18O and δ2H values compared to the September 2016 samples, 

indicating the source as local, younger meteoric water rather than the highly negative δ18O and δ2H 

values typical of an alpine catchment. 

 

4.9.3 A comparison of stable oxygen isotopes on the HRP under predominately spray type irrigation 

and predominately border-dyke irrigation 

 

A comparison of HRP groundwater δ18O values from the 2005/2006 irrigation season and the 

2016/2017 irrigation season is provided in Figure 4.29. The comparison illustrates a notable change in 

δ18O values in groundwater between these two periods.  Below SH1, a median groundwater δ18O value 

of 8.92 0/00 occurred during the 2005/2006 irrigation season compared to a more positive 8.42 0/00 

during the 2016/2017 irrigation season. Above SH1, a median groundwater δ18O value of -9.05 0/00 

was shown for the 2005/2006 irrigation season, compared to a more positive -8.76 0/00 during the 

2015/2016 irrigation season. In addition to generally more negative δ18O values recorded by 

Dommisse (2006) for the 2005/2006 irrigation season, highly negative localised δ18O values were 

observed in groundwater during that period (i.e., identified as blue points in Figure 4.29) that are not 

present for the 2016/2017 period. Because the MHIS irrigation water (i.e., Rangitata River water) has 

highly negative δ18O values ranging from approximately -9.72 to -10.3 0/00 (Dommisse, 2006; Hanson 

& Abraham, 2013), it is likely that the border-dyke systems are providing a localised and regional 

dilution effect to the groundwater system that is not occurring under spray type irrigation.  
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Figure 4.29 – (Left) δ18O values for groundwater and surface water sites on the HRP obtained in November – December 2005 (i.e., under predominantly border-dyke) (Dommisse, 2006). Right δ18O values for groundwater and surface water sites on the HRP obtained in February 2017 (i.e., 
under predominately spray type irrigation). 
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Figure 4.30 – δ2H values for groundwater and surface water sites on the HRP obtained in February 2017. 
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Figure 4.31 – δ13C values for groundwater and surface water sites on the HRP obtained in February 2017. 
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4.10 Discussion 

 

4.10.1 Changes in groundwater quantity 

 

Groundwater is a vital resource that supplies water to billions of people, plays a critical role in irrigated 

agriculture and influences the health of ecosystems (Gleeson et al., 2012). The depletion of 

groundwater resources over the past half-century has been well documented at both regional (Chen 

et al., 2014; Famiglietti et al., 2011) and global scales (Konikow & Kendy, 2005; Postel, 2000).  

On the HRP, historic groundwater levels (Figure 4.6) show a different trend to the linear decline 

observed in international groundwater levels over the past half-century. Instead, HRP groundwater 

levels increased through the 1970’s and 1980’s and they remained elevated for the next two decades. 

The Eigen-model results (Figure 4.6) show increased groundwater recharge from border-dyke and 

other flood irrigation to be the cause of the elevated groundwater levels. It wasn’t until around the 

early 2000’s that groundwater levels began to decline from the (probable) artificially elevated levels. 

Thorley et al. (2010) found similar results in the neighbouring Ashburton-Lyndhurst Irrigation Scheme 

(ALIS) that showed the recharge component from the ALIS to be significantly “propping up” 

groundwater levels. Additionally, the authors noted that as increasingly efficient irrigation develops 

on the ALIS, it is likely that groundwater users might face dry wells and reduced reliability. 

An annual volumetric decrease in groundwater of 23.87 GL was calculated between 2006 and 2017 

(Figure 4.15), and illustrates part of the downward trend in HRP groundwater levels that began in the 

early 2000’s. Identifying the major cause of the decline in aquifer storage is difficult without long-

term, accurate data for each recharge and discharge component. Despite this, a substantial change in 

groundwater δ18O values, recorded in the 2005/2006 and 2016/2017 irrigation seasons, provides 

strong evidence that groundwater recharge originating from the MHIS has declined considerably over 

this period. The data captured during the 2016/2017 irrigation season shows δ18O values much more 

similar to that found in rainfall recharged groundwater (Stewart et al., 2002), indicating a system 

principally sourced from local precipitation with very little, if any mixing of alpine derived irrigation 

water. 

Flow gauging at two spring-fed drains shows a downward trend in baseline flows between late-2004 

and late-2016 (Figure 4.4). A comparison of these flows to daily rainfall shows a strong relationship 

between rainfall events and increased flow in the drains. The δ18O composition of samples collected 

from spring-fed drains during the 2005/2006 and 2016/2017 irrigation seasons were used to identify 

the MHIS recharge contribution to the coastal drains. The 2005/2006 δ18O values sampled in the drains 

were generally a mixture of MHIS water and local rainfall. In comparison, the 2016/2017 δ18O values 

had become more positive, indicating a decline of MHIS sourced water, and reflecting the overall 

change in groundwater δ18O values between the two periods. 
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4.10.2 Changes in groundwater quality 

 

Nonpoint source pollution of groundwater is a major water quality issue internationally (Spalding & 

Exner, 1993) and commonly associated with intensive agriculture and unsewered sanitation in densely 

populated areas (Keeney, 1986). Nitrate leaching is considered the most common type of contaminant 

associated with agricultural activities (Spalding & Exner, 1993), and has become a growing problem in 

a number of New Zealand catchments (Cetin, 2015; McLay et al., 2001; Stewart et al., 2011). 

On the HRP, annual monitoring of eight wells shows a steady increase in average nitrate-N 

concentration between 2001 and 2012 (Durney et al., 2014; Scott, 2013). Nitrate-N modelling 

comparing groundwater data from the 2005/2006 and 2016/2017 irrigation seasons was conducted 

to provide a more comprehensive representation of the change in HRP groundwater quality over the 

past decade. The results show a substantial increase in the groundwater nitrate-N concentration 

between the two snapshots, particularly in shallow groundwater (Figure 4.21 – 4.24). 

Coastal spring-fed drains on the HRP have been increasing in nitrate-N concentration between 2001 

and 2012 at a similar rate to shallow groundwater (Scott, 2013). Seasonal monitoring of the spring-

fed drains between September 2016 and May 2017 showed elevated levels of nitrate-N, typically in 

excess of 10.0 mg/L. The samples collected over the course of this study showed similar values of 

nitrate-N in spring-fed drains and nearby shallow coastal wells. 

The increase of nitrate-N concentration in groundwater and spring-fed streams between 2006 and 

2017 coincides with major irrigation conversion and land use changes. The decline of border dyke use 

within the MHIS shifted from ~76% of irrigated land in 2006 (Dommisse, 2006) to ~3% of irrigated land 

2016, replaced almost entirely by spray type irrigation. Dairy and dairy support grew within the MHIS 

from a combined total of approximately 39% in 2006 (Dodson, 2006) to approximately 88% in 2017. 

Although border-dyke irrigation may increase the total amount of nitrate transported into the 

groundwater system (Burden, 1982), the overall groundwater nitrate-N concentration is kept low due 

to the dilution effect provided by the high quality MHIS water (i.e., <1mg/L nitrate-N) (Burden, 1982; 

Dommisse, 2006). The dilution effect from border dyke irrigation is apparent in the 2005/2006 nitrate-

N model (Figure 4.21), whereas little to no dilution can be identified in the 2016/2017. Further 

evidence illustrating how the dilution effect has changed over time is provided by the regional shift in 

δ18O to more positive values in groundwater. This change indicates only minor groundwater recharge 

from the current MHIS. In addition, 2-weekly groundwater sampling carried out by Dommisse (2006) 

showed a substantial decline in nitrate-N concentration in shallow groundwater throughout the 

irrigation season, slowly increasing a few weeks after the irrigation season ended. In the 2016/2017 

seasonal sampling, shallow groundwater nitrate-N concentration was relatively steady, and showed a 

slight increase during February 2017 (Figure 4.20). There are three possible reasons that either 

individually or collectively explain the elevation of nitrate-N levels in HRP groundwater: 

1. The change to efficient irrigation and decreases in groundwater recharge / dilution. 

2. Increased land use by dairy and dairy support and associated nitrate leaching. 

3. Decreases in groundwater levels resulting in a thinner aquifer and reduced dilution. 
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Chapter 5: Conclusions & Recommendations for Future Work 
 

5.1 Conclusions 

 

The aim of this research was to identify changes in groundwater quantity and quality resulting from 

the conversion of border dyke to spray type irrigation.  

Border dyke irrigation from the MHIS was shown to cause artificially high groundwater levels between 

the early 1980’s and mid 2000’s. The decline in groundwater levels that follows this artificial high 

coincides with major improvements to MHIS irrigation efficiencies. An annual volumetric decrease in 

groundwater of 23.87 GL was calculated between 2006 and 2017 and illustrates part of the downward 

trend in HRP groundwater levels. 

The isotopic composition of δ18O, δ2H and δ13C in groundwater indicates a system principally sourced 

from local precipitation with little evidence of recharge from alpine derived irrigation water (i.e., MHIS 

water). The HRP aquifer and flow in the spring-fed drains are therefore highly dependent on the levels 

of local rainfall. 

Nitrate-N concentration has increased substantially in groundwater, spring-fed streams and the Hinds 

River over the past decade. Over the course of this study, the average nitrate-N concentration in 

shallow groundwater (<30 m depth) ranged from 9.1 to 12.9 mg/L. Notably, in February 2017 average 

nitrate-N concentration in shallow groundwater exceeded the drinking water standard. 

The findings from this study suggest three possible reasons that either individually or collectively 

explain the elevation of nitrate-N levels in HRP groundwater: the improvements in irrigation 

efficiencies resulted in a decline in groundwater recharge and dilution, the increased use of land for 

dairy and dairy support has resulted in increased nitrate leaching, and a volumetric decline in aquifer 

storage has resulted in reduced dilution and therefore greater nitrate-N concentrations. 

 

5.2 Recommendations for future research 

 

The results from this research have outlined the need for on-going monitoring of nitrate in 

groundwater, spring-fed drains and in the Hinds River. On-going monitoring for elevated levels of 

nitrate-N in shallow groundwater is of particular importance due to the reliance the community has 

on groundwater as a drinking-water source. 

The installation of recently developed automated nitrate-N monitoring equipment would be a useful 

tool for gaining a greater understanding of the relationship between nitrate-N concentrations in 

groundwater and recharge processes. The tool could provide vital information on groundwater 

changes in relation to recharge from irrigation and rainfall in different parts of the catchment. 

Three wells sampled over the course of this study showed consistently low values of nitrate-N (<2.5 

mg/L), despite the elevated levels in nearby wells. The three wells that recorded low nitrate-N levels 
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were all located inland of SH1 and ranged in depth from 47 – 95 m. The isotopic composition of all 

three sites indicate local rainfall recharge that has picked up subsurface organic-derived carbon. The 

unusually low nitrate-N values combined with isotopic compositions typical of HRP groundwater might 

suggest the wells screens are located in poorly connected flow paths, as described by Davey (2006a). 

Further analysis of these sites, including age dating, and a comparison with nearby wells with higher 

nitrate-N values might provide a greater understanding of the local groundwater system. 
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Appendices 
 

Appendix 1.1 – Wells surveyed during this study using a Trimble Geo 7X compared with coordinates from the Environment Canterbury database. 

 Original ECan data Well sites surveyed in February 2017 

Datum NZGD2000 / NZTM 
NZG 2009 

(converted from 
Lyttleton 1937) 

NZGD2000 / NZTM 
Elevation 

(NZG 2009) 

 
 
 

Well 
number 

X Y Z (a msl) X Y Z (a msl) 
PDOP 

 
Vertical Precision 

+/- (m) 
Horizontal Precision 

+/- (m) 

K37/0044 1476251 5119461 87.93 1476255.074 5119457.425 87.928 3.3 0.1 0.1 

K37/0045 1479812 5119119 70.42 1479817.846 5119117.112 72.28 5.3 1.1 0.7 

K37/0096 1473236 5122438 118.37 1473241.315 5122438.869 119.592 12.6 1 0.3 

K37/0231 1479952 5123306 93.33 1480043.183 5123289.998 92.863 6 0.8 0.4 

K37/0251 1469521 5125319 157.57 1469525.954 5125315.783 156.571 3.8 0.2 0.1 

K37/0314 1478834 5122091 92.84 1478806.378 5122036.014 92.231 3.5 0.5 0.3 

K37/0442 1476960 5131945 156.65 1476958.179 5131934.076 153.867 12.1 0.7 0.5 

K37/0604 1479846 5132315 142.45 1479853.045 5132316.123 141.207 6.1 0.3 0.4 

K37/1011 1471490 5129099 171.96 1471492.529 5129097.207 169.231 4.8 0.3 0.3 

K37/1117 1482748 5118793 57.48 1482750.383 5118794.998 57.675 5.9 0.6 0.6 

K37/1148 1489459 5122910 49.31 1489466.317 5122899.23 52.871 8.1 0.7 0.7 

K37/1409 1475006 5125149 125.58 1475007.961 5125145.19 127.299 3.7 0.3 0.2 

K37/1454 1473817 5122043 112.73 1473817.919 5122038.982 114.736 6.4 0.7 0.6 

K37/1466 1465149 5137863 262.77 1465143.378 5137856.83 266.319 7 0.1 0.1 

K37/1489 1470058 5137651 227.48 1470064.99 5137639.644 230.817 6.8 0.8 0.6 

K37/1525 1470381 5137401 224.07 1470381.452 5137399.413 229.076 3.3 0.3 0.3 

K37/1531 1471323 5133199 195.76 1471328.603 5133191.883 195.76 6.3 0.5 0.3 

K37/1574 1474265 5126620 136.85 1474267.273 5126612.791 139.502 3.3 0.4 0.3 

K37/1617 1474438 5123472 119.04 1474441.314 5123470.757 118.47 2.8 0.1 0.1 

K37/1648 1467986 5135266 229.27 1468006.028 5135264.308 230.921 6.5 0.5 0.4 

K37/1727 1472137 5124079 135.14 1472141.986 5124065.457 137.456 3.1 0.4 0.2 

K37/1865 1489293 5122048 45.41 1489297.406 5122054.756 49.234 6.1 0.6 0.4 

K37/1999 1474800 5131256 164.06 1474804.717 5131248.374 163.155 6.3 0.2 0.2 

K37/2036 1481190 5125787 99.13 1481194.409 5125784.087 100.828 5 0.6 0.4 

K37/2136 1474885 5130763 161.06 1474881.149 5130758.3 159.526 5.7 0.1 0.1 
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K37/2183 1473419 5128133 153.25 1473438.799 5128156.783 152.395 4 0.2 0.2 

K37/2259 1480040 5123293 92.83 1480038.626 5123286.569 93.19 6.8 1.2 0.5 

K37/2270 1467333 5127863 181.56 1467333.971 5127862.827 183.384 4.6 0.3 0.2 

K37/2272 1470938 5130626 185.28 1470941.51 5130614.447 181.466 5.9 0.3 0.2 

K37/2331 1476574 5139802 200.77 1476574.987 5139794.116 198.61 6.9 0.6 0.5 

K37/2360 1485445 5121206 58.61 1485447.231 5121205.036 60.439 4.9 0.7 0.5 

K37/2412 1478422 5124255 104.74 1478414.722 5124251.841 105.551 3.6 0.1 0.1 

K37/2468 1480511 5120592 78.12 1480513.441 5120588.993 77.558 2.8 0.5 0.4 

K37/2479 1464680 5142796 321.78 1464687.899 5142797.342 324.108 6.1 0.7 0.4 

K37/2531 1465348 5137874 261.72 1465359.457 5137896.875 267.911 6.4 0.8 0.6 

K37/2546 1484193 5128605 97.73 1484203.881 5128587.723 101.769 6.7 0.3 0.2 

K37/2549 1474341 5124617 125.85 1474342.249 5124613.052 126.667 5.2 0.4 0.3 

K37/2551 1467961 5137862 244.08 1467934.476 5137935.387 249.162 4.1 0.3 0.4 

K37/2560 1468735 5132506 207.77 1468737.353 5132506.358 208.852 6.9 0.3 0.2 

K37/2766 1483493 5119767 61.75 1483491.868 5119761.874 63.455 6.5 0.5 0.3 

K37/2834 1482936 5120615 66.31 1482938.44 5120599.377 65.345 4.9 0.8 0.5 

K37/3139 1482517 5123800 84.45 1482520.492 5123798.091 84.013 7 0.7 0.5 

K37/3176 1473122 5134108 188.29 1473127.226 5134081.173 192.284 6.2 0.7 0.5 

K37/3311 1489422 5119162 33.40 1489424.559 5119161.515 33.669 5 0.3 0.2 

K38/0102 1478964 5118059 69.37 1478965.853 5118058.26 70.56 6.6 0.6 0.4 

K38/0384 1482781 5115783 44.41 1482781.787 5115783.935 44.576 2.2 0.2 0.1 

K38/0517 1479967 5113421 39.35 1479968.055 5113415.267 40.231 5.7 0.5 0.4 

K38/0745 1485634 5116173 33.10 1485630.431 5116172.854 34.39 3.9 0.3 0.1 

K38/0974 1484426 5118001 45.61 1484426.117 5118000.467 48.526 2.7 0.6 0.5 

K38/1019 1481646 5113093 35.40 1481648.954 5113090.56 36.518 3.9 0.4 0.2 

K38/1271 1482455 5109092 14.42 1482451.829 5109088.666 13.197 4.8 0.8 0.5 

K38/1374 1479512 5115309 52.71 1479512.548 5115303.029 53.103 5.6 0.3 0.2 

K38/1774 1482451 5112903 31.40 1482452.776 5112899.145 32.415 6.7 0.1 0.1 

K38/1841 1482319 5117461 50.51 1482320.023 5117456.979 59.247 4.7 0.5 0.4 

K38/1843 1484451 5117856 45.40 1484452.705 5117850.924 46.932 5.2 0.6 0.3 

K38/2200 1488931 5112579 3.39 1488931.424 5112579.219 7.697 4 0.1 0.1 

K38/2241 1485047 5111321 17.40 1485047.916 5111317.303 16.401 3.4 0.1 0.1 
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Appendix 1.2 – Piezometric survey obtained in early September 2016 and mid-February 2017 

 

 Early September 2016 Mid-February 2017 

Well # Depth to water m asl Depth to water m asl 

BY20/0154 64.54 95.32 73.78 86.08 

K37/0044 9.70 78.23 8.85 79.08 

K37/0045 7.10 65.18 5.39 66.89 

K37/0096 13.00 106.59 11.53 108.06 

K37/0105 61.43 105.77 
  

K37/0231 6.05 86.81 6.06 86.80 

K37/0243 6.42 103.34 7.09 102.67 

K37/0314 8.90 83.33 5.34 86.89 

K37/0442 
  

9.90 143.97 

K37/0604 5.00 136.21 3.48 137.73 

K37/0765 13.18 103.12 
  

K37/1011 25.47 143.76 
  

K37/1117 
  

3.88 53.80 

K37/1148 
  

1.95 50.92 

K37/1409 15.47 111.83 
  

K37/1454 12.35 102.39 11.10 103.64 

K37/1466 49.36 216.96 
  

K37/1489 40.90 189.92 
  

K37/1525 42.36 186.72 
  

K37/1531 28.89 166.87 29.08 166.68 

K37/1574 17.43 122.07 10.40 129.10 

K37/1617 14.20 104.27 11.27 107.20 

K37/1648 40.50 190.42 35.35 195.57 

K37/1727 16.02 119.68 15.51 120.19 

K37/1865 
  

1.33 47.90 

K37/1959 4.42 68.87 4.02 69.27 

K37/1988 4.90 99.20 
  

K37/2036 10.63 90.20 
  

K37/2136 15.22 144.31 12.90 146.63 

K37/2183 19.45 132.95 16.46 135.94 

K37/2259 9.93 83.26 10.06 83.13 

K37/2270 
  

28.82 154.56 

K37/2272 27.26 154.21 23.12 158.35 

K37/2331 92.40 106.21 101.67 96.94 

K37/2360 8.30 52.14 
  

K37/2412 9.90 95.65 8.79 96.76 

K37/2416 5.44 75.524 4.28 76.684 

K37/2417 17.45 63.934 28.92 52.464 

K37/2456 18.35 63.054 31.36 50.044 
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K37/2468 6.50 71.06 6.74 70.82 

K37/2479 29.24 294.87 28.50 295.61 

K37/2531 48.17 219.74 
  

K37/2546 28.14 73.63 
  

K37/2549 14.45 112.22 12.85 113.82 

K37/2551 
  

47.74 201.42 

K37/2560 33.25 175.60 28.20 180.65 

K37/2766 5.20 58.26 
  

K37/2834 9.80 55.55 
  

K37/3139 19.55 64.46 
  

K37/3176 25.79 166.49 25.83 166.45 

K37/3311 2.92 30.75 7.81 25.86 

K37/3500 6.10 105.41 5.79 105.72 

K38/0003 3.28 25.47 
  

K38/0102 8.60 61.96 7.51 63.05 

K38/0384 5.20 39.38 4.82 39.76 

K38/0412 
  

1.69 26.31 

K38/0517 2.54 37.69 2.75 37.48 

K38/0615 5.00 31.70 
  

K38/0745 4.77 29.62 3.47 30.92 

K38/0974 4.79 43.74 4.08 44.45 

K38/1019 5.55 30.97 
  

K38/1020 9.83 33.17 
  

K38/1271 4.08 9.12 4.25 8.95 

K38/1367 5.86 36.14 
  

K38/1374 7.90 45.20 
  

K38/1774 3.20 29.22 4.55 27.87 

K38/1841 5.40 53.85 
  

K38/1843 4.66 42.27 4.07 42.86 

K38/1894 1.47 13.03 1.55 12.95 

K38/2200 3.66 4.04 3.59 4.11 

K38/2241 2.25 14.15 
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Appendix 1.3 – Lismore well cluster situated on McDougalls Road  
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Appendix 1.4 – Groundwater nutrient chemistry 

  

 

Pre-irrigation season Under irrigation 

Well site 
number 

Date 
measured 

Nitrate-N 
(mg/L) 

DRP (mg/L) Date 
measured 

Nitrate-N 
(mg/L) 

DRP (mg/L) 

BY20/0135 29/08/16 10.6 0.14 15/02/17 9.5 0.10 

BY20/0154 29/08/2016 6.5 0.12 15/02/17 11 0.09 

K37/0044 2/09/16 5.9 0.18 16/02/17 6.5 0.14 

K37/0096 31/08/16 7.9 0.13 14/02/17 9.2 0.10 

K37/0105 29/08/16 6.4 0.06 
   

K37/0231 2/09/16 11.6 0.16 16/02/17 15.2 0.15 

K37/0243 1/09/16 9.4 0.09 16/02/17 7.1 0.09 

K37/0251 1/09/16 8.6 
 

14/02/17 10.8 0.24 

K37/0442 
   

15/02/17 4.6 0.10 

K37/0604 29/08/16 13.7 0.15 15/02/17 19.6 0.05 

K37/1117 
     

0.08 

K37/1574 31/08/16 8.3 0.08 13/02/17 11.5 0.13 

K37/1617 1/09/16 2.7 0.04 13/02/17 2.3 0.11 

K37/1727 
   

20/02/17 12.7 
 

K37/1865 7/09/16 8.0 0.14 20/02/17 9.8 0.09 

K37/1999 31/08/16 8.5 0.05 15/02/17 10.5 0.09 

K37/2036 
   

15/02/17 9.0 0.14 

K37/2183 31/08/16 6.4 0.10 13/02/17 8.8 0.19 

K37/2270 1/09/16 6.4 
    

K37/2272 29/08/16 0.8 0.04 14/02/17 1.8 0.07 

K37/2360 
   

16/02/17 4.7 0.08 

K37/2412 1/09/16 1.2 0.06 15/02/17 8.2 0.11 

K37/2531 31/08/16 2.6 0.05 15/02/17 8.3 0.29 

K37/2546 30/08/16 6.4 0.08 13/02/17 14.0 0.24 

K37/2549 31/08/16 8.3 0.19 13/02/17 12.5 0.14 

K37/2551 
   

15/02/17 9.7 0.12 

K37/2560 29/08/16 4.5 0.29 14/02/17 7.6 0.10 

K37/2766 2/09/16 5.7 0.17 16/02/17 4.1 0.10 

K37/3176 29/08/16 1.1 0.11 14/02/17 0.9 0.04 

K37/3500 29/08/16 8.3 0.14 13/02/17 11.3 0.23 

K38/0102 2/09/16 9.1 0.18 16/02/17 12.9 0.08 

K38/0412 
   

20/02/17 14.9 0.08 

K38/1020 2/09/16 2.8 
    

K38/1374 2/09/16 5.4 0.10 20/02/17 12.4 0.08 

K38/1843 2/09/16 9.0 0.21 17/02/17 11.9 0.21 

K38/1894 7/09/16 6.6 0.11 20/02/17 13.5 
 

K38/2200 7/09/16 9.0 0.24 20/02/17 9.1 0.08 
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Appendix 1.5 – Surface water nutrient chemistry 

 

 
Pre irrigation season Under irrigation 

Site number Surface 
Type 

Name Date 
collected 

Nitrate-N 
(mg/L 

DRP 
(mg/L) 

Date 
collected 

Nitrate-N 
(mg/L) 

DRP 
(mg/L) 

Rangitata_1 River Rangitata River 01/09/16 0.3 0.16 14/02/17 0.4 0.07 

Rangitata_2 River Rangitata River 02/09/16 7.3 0.05 14/02/17 3.4 0.09 

Rangitata_3 River Rangitata River 
   

20/02/17 0.6 0.08 

CRC304962 Drain Griggs Drain 02/09/16 12.3 0.09 20/02/17 10.4 0.23 

CRC304958 Drain Coldstream 02/09/16 9.6 0.17 20/02/17 7.7 0.14 

Hendersons Drain Drain Hendersons 
Drain 

02/09/16 11.3 0.11 20/02/17 12.0 0.07 

OceanViewRoad Drain 
 

02/09/16 9.2 0.17 20/02/17 9.5 0.12 

Hinds_1 River Hinds River 02/09/16 3.1 0.10 20/02/17 1.6 0.06 

Hinds_2 River Lower Hinds 
   

20/02/17 9.1 0.14 

CRC304964 Drain Norther drain 
   

20/02/17 9.7 0.12 

SH1 Irrigation Scheme water 
   

20/02/17 0.8 0.06 

Terrace_Spring Spring Jones Terrace 
Spring 

   
20/02/17 12.0 0.18 
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Appendix 1.6 - Two-monthly recordings of nitrate-N in HRP shallow groundwater, deep groundwater, spring-fed drains and the Hinds River 

 

  Nitrate-N concentration (mg/L)  

Site I.D Site type 1/09/2016 1/11/2016 1/01/2017 15/02/2017 1/05/2017 Well depth (m) 

K38/0412 Shallow well/bore  12.5 10.8 14.9 13.0 5.2 

K38/2200 Shallow well/bore 9.0 9.5 9.1 9.1 9.7 6.0 

K37/0604 Shallow well/bore 13.7 15.8 15.4 19.6 23.5 9.0 

K38/1894 Shallow well/bore 6.6 8.7 8.5 13.5 8.9 9.1 

K38/0102 Shallow well/bore 9.1 6.3 9.6 12.9  12.3 

K37/0243 Shallow well/bore 9.4 11.8 6.6 7.1 14.2 21.3 

K37/0442 Shallow well/bore  6.6 6.9 4.6 1.3 24.0 

K37/0096 Shallow well/bore 7.9 9.0 8.5 9.2 9.5 27.7 

K37/3500 Deep well/bore 8.3 7.6 7.9 11.3 2.7 42.0 

K37/3176 Deep well/bore 1.1 1.0 0.5 0.9 0.3 47.5 

K37/2766 Deep well/bore 5.7 6.0 4.7 4.1 1.2 53.5 

K37/2551 Deep well/bore  6.5 8.5 9.7 7.0 65.9 

K37/1574 Deep well/bore 8.3 5.1 6.3 11.5 12.1 77.1 

K37/2036 Deep well/bore  9.1 10.5 9.0 15.6 86.3 

K37/2560 Deep well/bore 4.5 6.3 6.5 7.6 7.1 101.1 

K37/2546 Deep well/bore 6.4 7.5 12.2 14.0 12.6 102.8 

Griggs Drain Spring-fed drain 12.3 10.5 12.3 10.4 11.1 N/A 

Wrens Road Spring-fed drain 9.6 7.7 4.1 7.7 8.5 N/A 

Hendersons Drain Spring-fed drain 11.3 11.3 12.0 12.0 11.0 N/A 

Oceanview Road Spring-fed drain 9.2 10.9 9.8 9.5 12.3 N/A 

Northern Drain Spring-fed drain   8.2 9.7 7.7 N/A 

Hinds River at Surveyors Road River 3.1 2.2 2.3 1.6 4.4 N/A 
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Appendix 1.7 – Isotope values for August/September 2016 

Groundwater sites 

Well No. 18O 18O 
St. 

Dev 

H H 
St. 

Dev 

D-
excess 

13C 
DIC 

13C 
DIC 
St. 

Dev. 

18O 
DIC 

18O 
DIC 
St. 

Dev. 

DIC (mmoles 
CO2 per 

litre) 

DIC 
(1/mmoles 
CO2/litre) 

Alkalinity 
as CaCO3 
(mg/L) 

BY20/0154 -8.75 0.13 -60.33 0.99 9.66 -20.61 0.07 -9.92 0.05 0.64 1.56 39.7 

K37/0044 -8.71 0.16 -59.91 0.98 9.78 -20.36 0.03 -10.34 0.06 0.93 1.08 99.7 

K37/0096 -8.86 0.07 -61.59 0.64 9.30 -21.27 0.06 -10.67 0.02 0.82 1.22 70.6 

K37/0105 -8.90 0.08 -60.79 0.45 10.43 -21.19 0.08 -10.45 0.06 0.69 1.46 51.3 

K37/0231 -8.43 0.07 -58.09 0.65 9.38 -19.60 0.02 -10.30 0.06 0.70 1.43 43.0 

K37/0243 -8.93 0.05 -60.71 0.34 10.72 -20.32 0.03 -10.29 0.06 0.62 1.63 55.4 

K37/0251 -8.97 0.04 -61.39 0.16 10.41 -21.45 0.03 -10.48 0.01 0.97 1.03 77.0 

K37/0604 -8.41 0.08 -56.68 0.58 10.59 -18.68 0.09 -9.18 0.02 0.48 2.08 18.4 

K37/1574 -8.55 0.07 -58.67 0.15 9.74 -14.94 0.05 -10.15 0.05 0.68 1.47 60.0 

K37/1617 -8.86 0.13 -61.39 0.31 9.45 -13.30 0.08 -10.42 0.07 0.58 1.73 67.4 

K37/1865 -8.68 0.04 -59.75 0.45 9.71 -19.87 0.01 -10.31 0.11 0.52 1.91 31.0 

K37/1999 -8.93 0.08 -61.17 0.28 10.30 -19.42 0.01 -10.43 0.09 0.75 1.33 57.0 

K37/2183 -8.69 0.05 -60.06 0.48 9.45 -20.23 0.09 -10.37 0.11 0.62 1.61 59.0 

K37/2272 -8.99 0.03 -61.33 0.34 10.60 -20.52 0.06 -10.86 0.13 0.55 1.81 45.5 

K37/2412 -8.85 0.21 -61.77 0.83 9.03 -18.53 0.08 -10.78 0.07 0.48 2.08 38.5 

K37/2531 -8.74 0.03 -59.03 0.43 10.86 -18.67 0.05 -10.37 0.04 0.36 2.76 53.0 

K37/2546 -8.75 0.10 -60.53 0.28 9.45 -19.51 0.03 -10.29 0.05 0.50 2.02 52.0 

K37/2549 -8.81 0.10 -60.83 0.43 9.68 -20.39 0.04 -10.34 0.08 0.88 1.13 64.9 

K37/2560 -8.96 0.04 -62.03 0.26 9.67 -19.17 0.08 -10.49 0.03 0.76 1.32 72.2 

K37/2766 -8.69 0.04 -59.29 0.58 10.22 -20.31 0.02 -10.47 0.03 0.52 1.94 58.6 

K37/3176 -8.86 0.09 -60.02 0.45 10.83 -19.63 0.05 -10.48 0.10 0.44 2.30 45.5 

K37/3500 -8.50 0.05 -58.52 0.53 9.45 -19.32 0.04 -10.03 0.05 0.85 1.18 58.0 
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K38/0102 -8.43 0.04 -58.52 0.33 8.95 -19.71 0.08 -10.12 0.07 0.75 1.34 59.0 

K38/1374 -8.67 0.08 -59.55 0.58 9.81 -18.91 0.07 -9.85 0.07 0.69 1.45 62.0 

K38/1843 -8.40 0.10 -57.87 0.48 9.34 -18.55 0.03 -10.11 0.04 0.65 1.53 42.6 

K38/1894 -8.32 0.04 -57.20 0.35 9.33 -21.18 0.08 -9.81 0.05 1.19 0.84 49.4 

K38/2200 -8.11 0.08 -55.36 0.57 9.50 -15.04 0.03 -9.64 0.04 0.56 1.78 35.8 

 

Surface water sites 

Site I.D 18O 18O St. 
Dev 

H H St. 
Dev 

d excess 13C 
DIC 

13C_DIC 
St. Dev. 

18O 
DIC 

18O 
DIC 
St. 

Dev. 

DIC 
(mmoles 
CO2 per 

litre) 

DIC 
(1/mmoles 
CO2/litre) 

Alkalinity as 
CaCO3 
(mg/L) 

Rangitata_1 -9.77 0.08 -67.27 0.11 10.93 -7.74 0.02 -11.32 0.06 0.27 3.77 28.1 

Rangitata_2 -8.87 0.06 -60.18 0.55 10.79 -15.56 0.06 -10.21 0.02 0.60 1.66 65.0 

Griggs_Drain -8.16 0.05 -55.79 0.60 9.48 -15.17 0.12 -9.41 0.06 0.53 1.87 
 

Wrens_Road -8.45 0.05 -58.87 0.28 8.76 -17.68 0.05 -10.06 0.08 0.52 1.91 34.8 

Hendersons_Drain_1 -8.01 0.07 -55.31 0.71 8.80 -14.11 0.02 -10.02 0.05 0.34 2.98 31.0 

OceanViewRoad_1 -8.32 0.08 -57.08 0.61 9.47 -15.61 0.04 -10.03 0.04 0.56 1.78 53.2 
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Appendix 1.8 - Isotope values for mid-February 2017 

Groundwater sites 

WELL No. 18O 18O St. 
Dev 

H H St. 
Dev 

d-
excess 

13C - 
DIC 

13C - DIC 
St. Dev 

18O - 
DIC 

18O - DIC 
St. Dev 

DIC (mmoles 
CO2 per litre) 

DIC (1/mmoles 
CO2/litre) 

Alkalinity as CaCO3 
(mg/L) 

BY20/0135 -8.77 0.15 -61.99 1.01 8.16 -18.57 0.02 -11.05 0.06 0.50 2.01 42.8 

BY20/0154 -8.67 0.22 -59.98 0.21 9.38 -20.50 0.04 -11.18 0.10 0.33 3.01 50.0 

K37/0044 -8.40 0.06 -58.54 0.62 8.67 -19.65 0.03 -10.89 0.04 0.82 1.22 79.6 

K37/0096 -9.19 0.03 -63.24 0.63 10.24 -21.24 0.04 -11.07 0.04 0.70 1.43 69.2 

K37/0231 -8.72 0.17 -60.16 0.49 9.61 -15.85 0.03 -10.52 0.08 0.41 2.42 39.2 

K37/0243 -8.68 0.06 -59.49 0.53 9.96 -19.05 0.08 -11.17 0.11 0.47 2.11 62.4 

K37/0251 -8.94 0.10 -59.73 0.71 11.77 -20.61 0.03 -11.07 0.02 0.62 1.60 62.0 

K37/0442 -8.43 0.20 -59.50 0.79 7.93 -19.71 0.03 -10.86 0.09 0.58 1.72 70.4 

K37/0604 -8.48 0.15 -57.64 0.38 10.21 -15.66 0.07 -10.61 0.16 0.31 3.21 25.6 

K37/1117 -8.24 0.10 -58.55 0.85 7.36 -16.26 0.04 -10.96 0.11 0.13 7.73 31.6 

K37/1574 -8.59 0.14 -59.78 0.71 8.97 -15.27 0.07 -11.20 0.09 0.39 2.56 51.2 

K37/1617 -8.89 0.19 -60.18 0.49 10.95 -19.47 0.08 -11.04 0.09 0.58 1.71 
 

K37/1865 -8.71 0.16 -60.26 0.63 9.41 -17.64 0.07 -10.91 0.08 0.40 2.52 41.2 

K37/1999 -8.60 0.07 -61.89 1.02 6.93 -19.45 0.06 -11.24 0.26 0.44 2.25 58.0 

K37/2036 -8.92 0.02 -61.30 0.20 10.05 -18.13 0.03 -11.06 0.05 0.48 2.09 52.4 

K37/2183 -8.79 0.16 -58.52 0.54 11.84 -19.29 0.03 -11.23 0.11 0.38 2.62 45.2 

K37/2272 -8.84 0.07 -59.31 0.84 11.44 -20.11 0.08 -11.30 0.04 0.46 2.18 51.2 

K37/2360 -8.67 0.08 -59.34 0.41 10.00 -20.65 0.04 -10.64 0.10 0.43 2.30 56.0 

K37/2412 -8.95 0.04 -62.78 0.90 8.79 -19.18 0.05 -10.98 0.11 0.57 1.76 52.0 

K37/2531 -8.79 0.16 -59.05 0.50 11.26 -19.65 0.09 -10.90 0.14 0.49 2.04 46.0 

K37/2546 -8.48 0.10 -57.89 0.35 9.92 -17.04 0.14 -10.78 0.11 0.30 3.29 30.9 

K37/2549 -8.68 0.18 -61.03 0.17 8.43 -18.85 0.04 -11.05 0.13 0.59 1.70 54.7 

K37/2551 -8.68 0.14 -60.85 0.94 8.55 -19.77 0.03 -10.78 0.11 0.46 2.19 55.2 
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K37/2560 -9.11 0.18 -61.40 0.77 11.49 -20.87 0.06 -11.14 0.06 0.68 1.48 61.6 

K37/2766 -8.45 0.17 -58.85 0.63 8.74 -19.03 0.04 -10.73 0.03 0.38 2.60 46.4 

K37/3176 -8.85 0.07 -61.90 0.76 8.87 -20.21 0.10 -11.17 0.03 0.32 3.08 19.6 

K37/3500 -8.43 0.20 -59.58 0.36 7.88 -17.69 0.03 -10.97 0.10 0.51 1.95 55.3 

K38/0102 -8.30 0.20 -57.89 0.43 8.53 -16.96 0.04 -10.57 0.12 0.40 2.50 50.4 

K38/0412 -8.35 0.11 -59.83 0.41 6.94 -17.67 0.04 -10.64 0.02 0.48 2.07 51.2 

K38/1374 -8.52 0.17 -59.20 0.65 8.98 -18.73 0.07 -11.17 0.08 0.41 2.47 60.0 

K38/1843 -8.32 0.15 -57.15 0.75 9.38 -17.82 0.04 -10.57 0.07 0.41 2.46 56.0 

K38/1894 -8.49 0.24 -57.83 1.45 10.11 -18.90 0.09 -10.66 0.04 0.44 2.26 64.0 

K38/2200 -7.75 0.18 -52.84 0.77 9.14 -18.87 0.05 -9.88 0.01 0.74 1.35 82.0 

 

Surface water sites 

Site I.D 18O 18O St. Dev H H 
St.Dev. 

d excess 13C 
DIC 

13C DIC 
St. Dev. 

18O 
DIC 

18O DIC 
St. Dev. 

DIC (mmoles 
CO2 per litre) 

DIC 
(1/mmoles 
CO2/litre) 

Alkalinity 
as CaCO3 
(mg/L) 

Rangitata_1 -8.86 0.13 -58.93 0.42 11.99 -7.97 0.08 -11.36 0.05 0.20 4.98 17.3 

Rangitata_2 -9.01 0.09 -62.88 0.36 9.17 -15.55 0.15 -11.25 0.08 0.40 2.47 44.0 

Rangitata_3 -9.15 0.09 -63.92 0.08 9.32 -8.32 0.12 -11.73 0.04 0.22 4.46 22.4 

Griggs Drain -8.26 0.08 -58.30 0.20 7.80 -17.81 0.03 -10.70 0.08 0.42 2.40 43.2 

Coldstream -8.59 0.17 -60.41 0.56 8.35 -16.83 0.03 -10.93 0.06 0.35 2.84 41.6 

Hendersons_Drain_1 -8.63 0.19 -61.15 0.50 7.85 -14.29 0.08 -10.84 0.08 0.28 3.60 32.0 

OceanViewRoad_1 -8.44 0.10 -56.81 0.62 10.73 -16.84 0.13 -10.70 0.15 0.39 2.59 46.4 

Hinds_River_1 -8.41 0.10 -59.65 0.70 7.66 -16.00 0.05 -11.29 0.13 0.32 3.11 39.2 

Lower_Hinds -8.58 0.21 -60.94 0.70 7.67 -15.74 0.06 -10.79 0.13 0.32 3.08 40.0 

Norther_drain -8.89 0.12 -61.35 0.66 9.75 -15.50 0.12 -10.90 0.14 0.30 3.30 18.4 

Scheme_water -9.11 0.18 -61.80 0.42 11.08 -5.48 0.12 -11.43 0.08 0.17 5.91 24.4 

Jones_Terrace_Spring -8.38 0.04 -59.45 0.29 7.56 -18.29 0.09 -10.75 0.08 0.61 1.65 62.8 
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