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Executive s ummary  

The Te Waihora / Ellesmere catchment contains a combined surface water and groundwater resource 
that can be managed in an integrated manner and within the limits of the resource, to avoid diminution 
of flows and decline in groundwater levels. 

Monitoring of the groundwater resources of the Te Waihora / Ellesmere catchment shows the 
correspondence between groundwater levels, surface flows in spring-fed stream and the rainfall 
recharge incident on the plains portion of the catchment. 

Uncertainties in the monitoring data or in the concepts used to interpret the data are small in 
comparison with the uncertainties associated with the recharge to groundwater from alpine river 
sources and discharge of groundwater direct to the ocean.  Notwithstanding these uncertainties, the 
conceptual model of the catchment water system indicates that these inferred large volumes are 
relatively constant, so may be ignored in the water budget. 

The effects of surface water and groundwater abstraction include: 

¶ increasing evidence of seasonal drawdown in many monitoring wells;  

¶ increasing evidence of decreasing surface water flows; and  

¶ decreasing groundwater levels, inter-seasonal in nature, that cannot be ascribed to climate 
alone. 

The options for managing groundwater abstraction over the gravel-dominated aquifers underlying the 
plains are:  

¶ use of groundwater trigger levels;  

¶ use of minimum flows in streams;  

¶ a combination of flows and levels; and 

¶ an adaptive management scheme where the quantity of water able to be abstracted is linked 
to the recharge state of the aquifer. 

The recommended option for sustainably managing the resource is for abstraction entitlement to be 
tied to the recharge state, a mechanism described extensively in two previous technical reports.  Such 
a mechanism allows simple modelling of the system to predict an environmental outcome in the form 
of groundwater levels and flows.  Predictions may then be matched against monitoring results.  If 
monitoring shows that predictions are not being achieved then the mechanism can be modified or 
óadaptedô to improve the match in subsequent years.   

Restrictions to allocated annual volume can be applied to achieve the anticipated environmental 
outcome of sustained flows in spring-fed streams being maintained above minimum flows, but the 
restrictions required are likely to be substantial.   

An alternative of attaining this environmental outcome is managed aquifer recharge (MAR), the direct 
importation of surface water into the catchment for infiltration into the groundwater system.  This 
option is still under investigation.  Managed aquifer recharge could be developed as a complementary 
method to an adaptive management mechanism. 

Critical to auditable success of the management of the water resource is the implementation of 
environmental bottom lines.  Currently, these are environmental minimum flows.  However, as yet, 
there has been no decision on whether these are to be the statutory bottom lines, and, whether each 
bottom line is allowed to be breached to a certain extent, and for a certain period.  These decisions 
are vital to the modelling of predictions.  Some example óbottom linesô are proposed, along with their 
advantages and disadvantages. 

Sub-division of the catchment into four sectors facilitates the management of the resource.  The four 
sectors correspond with existing management:  

¶ Rakaia-Selwyn Groundwater Allocation Zone;  

¶ Selwyn-Waimakariri Groundwater Allocation Zone;  

¶ Rakaia riparian sub-area; and  
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¶ Two separated sectors consisting of the foothills and peninsula uplands and their 
corresponding adjacent isolated gravel-filled valleys. 

Resource monitoring requirements for management of the water resource are largely in place.  
However, one important data stream is still unavailable: abstractive water use metering.  Without water 
metering, modelling environmental predictions is less certain than it could be.  
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Glossary  

Term Explanation 

Adaptive 
management 

Mechanism of management that itself adapts to the results of management.  That 
is, if it fails to produce the desired results, the management triggers and protocols 
can be changed or adapted. 

Allocation limit 
Volume of water that may be used in any year within a groundwater allocation 
zone set at a level to avoid unacceptable effects.  The term applies to an entire 
groundwater allocation zone.  

Annual volume 
Total amount of water authorised via a water permit (consent) over a one year 
period. 

Catchment Area that contributes water to a groundwater or surface water system. 

Conjunctive use 
Combined surface water and groundwater use in a manner that is sustainable, 
efficient and environmentally effective. 

Cumulative 
effects 

Effects resulting from the accumulation of individual effects from every 
abstraction, integrated over space and time. 

Effective Producing a decided or intended result 

Efficient Working productively with minimum wasted effort and expense 

Eigenmodel 
A spreadsheet tool devised to relate groundwater storage, recharge, discharge 
and abstraction in a time series.  It can be used to model the effects of abstraction 
and changes in recharge. 

Environmental or 
minimum flow 

Flow below which restrictions on consented abstractions may apply. 

Entitlement 
An annually variable volume for each consent comprising a volume dependent on 
the annually assessed state of the resource in the zone. 

Land-surface 
recharge 

Drainage infiltrating into the groundwater system, derived from a combination of 
rainfall and irrigation. 

Managed aquifer 
recharge (MAR) 

Mechanism whereby water is added to a groundwater system, usually sourced 
from outside the system, such as surface water from alpine rivers. 

Minimum flow 
Minimum flow means the flow at which abstractions from a water body must 
cease other than for an individualôs reasonable domestic needs, the reasonable 
needs of individuals and animals for drinking water, and for fire fighting.  

Piezometric level 
(head) 

Imaginary surface coinciding with the hydrostatic pressure level of the 
groundwater in an aquifer.  There may be more than one piezometric surface if 
hydraulic head varies with depth.   

Recharge 

Contribution to groundwater from rainfall.  Dryland surface recharge is that 
derived from rainfall on un-irrigated land.  Rainfall incident on irrigated land 
produces additional recharge to that on un-irrigated land.  Recharge may also be 
derived by surface water seepage from rivers.   

RSGAZ Rakaia-Selwyn Groundwater Allocation Zone 

Seasonal 
allocation 
(Schedule 
WQN9) 

A calculated volume considered sufficient for a consent holder to irrigate land for 
a specified farming system.  Schedule WQN9 in the PNRRPV1 describes the 
method of calculation of the volume of water that may be taken in any year that is 
sufficient to meet irrigation demand in four years out of five.   

SWGAZ Selwyn-Waimakariri Groundwater Allocation Zone 

Te Waihora / 
Lake Ellesmere 
catchment (s.s. 
and s.l.) 

The catchment may be defined in two ways: 

¶ Hydrological catchment defined by watersheds of streams flowing into the 
lake (sensu stricto: s.s.). 

¶ Catchment defined in part by watersheds of streams flowing into the lake 
and in part by groundwater allocation zone boundaries, producing a larger 
resource management area (sensu lato: s.l.) 
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1  Introduction  

Historically in Canterbury, surface water and groundwater resources have been managed separately.  
This tradition does not serve the purposes of the Resource Management Act (1991) because it 
ignores the very strong inter-connection between groundwater and surface water resources in the 
gravel-dominated aquifer system that makes up a large proportion of the Te Waihora / Lake Ellesmere 
catchment (see Glossary).  Therefore, this separation leads to ineffective and inefficient water 
resource management. 

Surface water resources have commonly been managed by controlling rates of consented abstraction 
from rivers and streams.  When rivers are stressed, restrictions on takes relate to so-called óminimumô 
or óenvironmentalô flows.  These are usually flow rates in the order of the 7-day mean annual low flow 
(MALF).  Once a river breaches that flow, continued consented abstraction from it is reduced or 
stopped.  

In contrast, groundwater resources have generally been managed by means of a calculated irrigation 
or annual volume for each consent holder, determined from demand sufficient for irrigation purposes 
four years out of five (Schedule WQN9 annual volume or updated/revised models).  Few consents to 
take groundwater have management constraints except where direct hydraulic connection with 
neighbouring waterways can be demonstrated or reliably inferred.  The majority of groundwater 
abstraction consents are currently unconstrained by the state of the water resource, except in extremis 
when short-term emergency provisions (RMA s.329) can be implemented 

1
. 

This catchment report shows how the combined water resource could be managed conjunctively 
2
. 

Management of the resource can be a response to variations in rainfall and evapotranspiration, use 
and surface flow.  Such management can not only protect environmental values of the resource, 
especially where it emerges as surface flow in waterways, but can also maintain groundwater levels at 
satisfactory levels to secure continued access and reliability of supply for abstractors. 

This catchment report informs on technical aspects of a planning process that will result in a resource 
management plan for the Te Waihora / Lake Ellesmere catchment.   This catchment management 
report is based on two technical reports: Williams et al. (2008) and Williams and Gabites (2010). 

By way of an introduction, I briefly describe catchment location, size, geology, physical characteristics, 
and rainfall.  These details are largely based on a review of the Te Waihora / Lake Ellesmere 
catchment by Taylor (1996).  In addition, I have relied on two symposia held in Lincoln, in 2007 and 
2009, organised by the Waihora Ellesmere Trust (WET) that culminated in a document (Hughey and 
Taylor 2009), available electronically 

3
, and a series of presentations that are available on the WET 

website 
4
. 

In Section 2 I describe the state of the water resource, both for groundwater and to a lesser extent, 
surface water.  The groundwater resource is described in more detail because the surface water 
resource is treated in more detail elsewhere in a companion report (Environment Canterbury 2010b).  
The dynamics and time-dependent behaviour of the groundwater system is described, along with the 
sources of recharge.  Also described are uncertainties associated with data required in the analysis of 
the resource. 

Section 3 describes the effects of groundwater abstraction in terms of reduction in groundwater levels, 
reduction in spring-fed stream discharge and sub-coastal discharge from the groundwater system, and 
increased recharge to the groundwater system via stream depletion. 

Options for managing the effects of groundwater abstraction and use are described in Section 4 along 
with recommendations based on technical and practical considerations. 

                                                     
1
  Canterbury Regional Council has never implemented s.329 but considered it during the 1988-89 drought.  At 

the time, Council technical officers were uncertain about the defensibility of the data used to determine 
hydraulic connection between abstractions and streams that would support the process. 

2
 Conjunctive use of surface and groundwater consists of harmoniously combining the use of both sources of 
water in order to minimize the undesirable physical, environmental and economical effectsé.to optimize the 
water demand/supply balance. Usually, conjunctive use of surface and groundwater is considered within a 
river basin.  http://www.fao.org/docrep/v5400e/v5400e0c.htm 

3
 http://www.wet.org.nz/events/living-lakes-symposium-2007/ 

4
 http://www.wet.org.nz/events/living-lakes-symposium-2009/ 
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1.1 Catchment location and size 

The size and shape of the Te Waihora / Lake Ellesmere catchment are shown in Figure 1-1.  The 
catchment makes up most of what is commonly called the Central Plains.  It is bounded to the south 
and north by major alpine rivers: the Rakaia and Waimakariri.  To the northwest, the catchment 
contains the combined watersheds of the Hororata, Selwyn, Waianiwaniwa (also known as the 
Waireka) and Hawkins rivers that rise in foothills composed of rocks much older than the gravel-
dominated strata that compose the plains.  To the southeast, volcanic rocks and associated intrusions 
forming Banks Peninsula provide an eastern boundary to the catchment, with several small waterways 
contributing water to it.  

Surrounding surface water and groundwater catchments include the Christchurch ï West Melton zone 
(CHCH-WM) and the Rakaia riparian sub-area (RRSA).  Later in this report (Sections 2.7 & 2.7.1) I 
shall discuss the meaning of the term ócatchmentô when describing both surface water and 
groundwater catchments and their respective boundaries.  As a first approximation, I shall follow the 
strict definition of the Te Waihora / Lake Ellesmere catchment as being described by surface 
waterways that feed into Lake Ellesmere / Te Waihora (Taylor 1996).  Detailed description shows why 
this definition is not everywhere appropriate.  This broad definition based on surface topography also 
needs modification to account for the observation that groundwater flow in the gravel-dominated strata 
beneath the plains is not constrained by surface topography.  Table 1-1 lists some basic statistics 
about the Te Waihora / Lake Ellesmere catchment.  The Te Waihora / Lake Ellesmere catchment (s.s.: 
see Glossary) polygon used is one revised on the basis of new digital elevation model, photograph 
and topographic map information available as of December 2009 (Figure 1-1).   

Table 1-1: Te Waihora / Lake Ellesmere catchment statistics derived from Taylor (1996) 

Catchment area of plains (ha) 227 546 

Catchment area of plains and foothills (ha) 276 000 

Maximum elevation of foothills (m) 900  

Range of mean annual rainfall (mm) 560 ï 1600 

 

 

Figure 1-1:  The Te Waihora/ Lake Ellesmere catchment and its boundaries 
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The catchment contains two brackish water lakes: Te Waihora (Lake Ellesmere) and Te Roto o 
Wairewa (Lake Forsyth).  The levels in these lakes are artificially controlled by opening the gravel bar 
that impounds each of them (Kaitorete Spit)

5
.  Te Waihora, especially, is the subject of increasing 

study to determine how it should be managed (Hughey and Taylor 2009) and there are current 
engineering efforts to produce a permanent opening for Wairewa (Consent CRC080608 et al.)

 6
. 

Figure 1-1 shows the relationships between the major alpine rivers, the foothills and the watershed 
that separates the Te Waihora / Lake Ellesmere catchment from tributaries that flow in to the alpine 
rivers.  Also shown in Figure 1-1 outlined in magenta, are the two major groundwater allocation zones 
(Rakaia-Selwyn and Selwyn-Waimakariri).  Note that the outlines of these two zones overstep the Te 
Waihora / Lake Ellesmere catchment boundary in the upper Hawkins catchment area and up-gradient 
of the Rakaia Gorge.  The updated boundaries of these areas, and of the gravel-dominated areas are 
based on two recently-published geological maps (Forsyth et al. 2009; Cox & Barrell 2007). 

1.2 Geology and physical characteristics 

Geological and physical characteristics of the Te Waihora / Ellesmere catchment are described in 
Taylor (1996).  Further details and a bibliography, reflecting modern interpretations of the geology, are 
included in Williams et al. (2008 and 2010).  Two recently compiled geological maps cover all of the 
catchment area (Forsyth et al. 2009; Cox & Barrell 2007). 

Briefly, the catchment may be subdivided into two major sectors and a subsidiary Banks Peninsula 
sector: 

¶ a northwestern, ófoothillsô sector composed of relatively impermeable mixed sedimentary and 
volcanic strata older than the Pleistocene, commonly deformed, and in places, mildly 
metamorphosed, and not containing significant groundwater storage; 

¶ a lower plains sector dominated by up to 600 metre thick aprons of undeformed gravel 
deposits of Pleistocene to recent (Holocene) age, lying unconformably on rocks similar to the 
foothills and the Banks Peninsula rocks, containing very significant groundwater storage.  The 
gravels show characteristics of having been deposited rapidly by major braided river systems, 
sometimes with little evidence of sedimentary sorting with the result that any subdivision of the 
gravels is based on age rather than lithological characteristics; 

¶ a small eastern, upland sector peripheral to Banks Peninsula, composed of mixed volcanic 
and intrusive rocks,  containing no significant groundwater storage. 

The northwestern and Banks Peninsula sectors are dominated by surface water bodies, the lower 
plains sector, constituting the largest proportion of the catchment, contains some surface water bodies 
but their flowing reaches are intermittent.  Put simply, the spring-fed streams in the coastal zone and 
peripheral to Te Waihora are generally permanent, as are those within a few kilometres southeast of 
the foothills.  Elsewhere, in the main body of the plains, natural waterways, such as the Selwyn, 
Hawkins, Waianiwaniwa and Hororata rivers, are commonly intermittent.  The Selwyn River is largely 
dry between Hororata and Coes Ford during the summer, being continuous across the plains only for 
a few months in the winter time (McKerchar and Schmidt 2007). 

The gravels on the plains have thicknesses as measured in petroleum exploration wells of up to 600 m 
(Brown 2001).  In effect, this entire thickness is saturated with groundwater near the coast, while most 
of it is saturated with groundwater near the foothills (Taylor 1996).  Drill logs and natural exposures 
indicate the presence of metre to tens of metre scale layering, but lateral continuity of this layering 
over more than a few tens of metres is not evident in natural sections nor would it be expected in this 
high energy depositional environment (see literature review in Williams and Gabites 2010).  The 
layering apparent in logs and natural sections provides sufficient lithological contrast between 
horizontal and vertical directions to support a hydraulic conductivity anisotropy, where vertical flow 
velocities are less than horizontal ones (Lough and Williams 2009).  Independent support for this view 
is contained in paragraph 144 of Environment Canterbury (2010) ñAlthough stratigraphic aquifer units 
are clearly recognised in the coastal area of the RSGAZ (see Glossary), aquifers and aquitards 
become progressively less well defined further inlandò. 

                                                     
5
 The barrier is currently naturally continuous across the entire length of the lake but is traditionally (incorrectly) 
known as a óspitô. 

6
 See, for example:  http://www.wairewa.org.nz/ 
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Two recently compiled geological maps have provided revised data with which to draw the boundaries 
between areas underlain by gravel-dominated strata and those underlain by pre-Pleistocene materials 
(Forsyth et al. 2009; Cox & Barrell 2007).  These boundaries are important because they control the 
land area covered for calculation of rainfall-based recharge and allocation limit.  They also separate 
sectors where groundwater is a significant resource from those where it is not. 

1.3 Rainfall and recharge to groundwater 

Rainfall on the catchment varies from low values close to the coast (560 mm/year) to moderately high 
measured values in the watershed area in the northwest (1308 mm/year), with estimated rainfall 
ranging up to 1600 mm/year (Taylor 1996). 

In the northwestern foothills sector, much of this rainfall develops into a surface water resource, 
discharging into rivers.  There is little significant snow storage, about 50 to 100 mm (Clark et al. 2009).  
In the plains sector, a much larger proportion of the rainfall infiltrates into the ground and about a third 
of it eventually forms groundwater recharge (Williams et al. 2008, Williams and Gabites 2010).   

Recharge to groundwater consists of two major processes: rainfall and seepage from rivers.  Near to 
the Rakaia and Waimakariri rivers (Bidwell 2003; Williams 2009a), groundwater levels are naturally 
buffered against seasonal decline by continuous and probably relatively constant discharge flow, 
laterally and downwards, of river water into the groundwater system.  Elsewhere, close to the foothills 
rivers, similar patterns of recharge occur but there is generally insufficient surface flow to maintain 
groundwater levels during times of low flow, to the extent that the Selwyn, Hawkins, Waianiwaniwa 
and Hororata rivers generally dry up after having travelled a few kilometres onto the gravel plains.  For 
the remainder of the gravel-dominated plains, recharge is solely from rainfall (Aitchison-Earl et al. 
2004).  Williams et al. (2008 & 2010) showed how recharge can been related to surface flows and 
groundwater levels using eigenmodels of the discharge from the catchment, to which the reader is 
referred for details. 

Recharge to the catchment can be calculated as a function of the sum of flow losses from the Rakaia 
and Waimakariri rivers, the foothills rivers, and rainfall, some of which falls on irrigated land.  On 
irrigated land, rainfall-induced recharge is greater than on un-irrigated land (Thorpe 2001).  The rise 
and fall of groundwater levels and flows in surface waterways is largely a result of the seasonal and 
year on year variation in rainfall recharge. 

1.4 Recharge to and discharge from the Te Waihora/ Ellesmere 
catchment 

This brief section describes the issues associated with creating a water budget for the catchment, 
highlighted by White (2008 and 2009) and recently modelled for the slightly larger Central Plains area 
by Bidwell et al. (2009) and Scott and Thorley (2009).  Scott and Thorley investigated the effects of 
modelling different relative magnitudes of river to land surface recharge and discharge of groundwater 
to the ocean and the following is a précis of the description of the issue by Scott and Thorley.   

ñBidwell and Morgan (2002) demonstrated that seasonally variable land surface recharge (LSR) 
explains a high proportion of observed groundwater level fluctuations ï particularly in the period prior 
to extensive groundwater abstraction for irrigation, prior to about 1995.  The recharge contribution 
from alpine rivers traversing the plains is comparatively steady but its absolute magnitude is poorly 
defined because of the inherent lack of precision of river flow measurements.  Bidwell (2002) has 
analysed the dynamics of groundwater level response to land-surface recharge and estimated that 
total river recharge may be in the range 2.2 to 3 times the land-surface recharge.  Conversely, Krom 
(2007) has proposed on the basis of simple groundwater flow modelling, that coastal discharge is 
likely to be less than 20% of the total inputs of the water budget ï which, given estimates of rainfall 
recharge and groundwater dependent stream flow, implies that river recharge is significantly lower 
than the estimate proposed by Bidwell.  A review of water budget estimates for the Central Plains area 
(White 2008) suggests that the Bidwell (2002) and Krom (2007) views are possibly at the extremes of 
the likely range of river recharge contributions.ò  

The issue of water budgets and the relative magnitude of recharge sources and the magnitude and 
variability of groundwater discharge from the system will be revisited in Section 2.9 of this report. 
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2  State of the water resource in the Te Waihora / 

Lake Ellesmere catchment  

2.1 What is the current  understanding of the resource? 

The water resource has been traditionally described as two separate resources: surface water and 
groundwater.  This is unfortunate because these two faces of the resource physically interact, one 
resource becoming the other in different parts of the catchment.  Effective and efficient management 
of the water resources should be conjunctive in nature, where both surface water and groundwater are 
managed as one resource.  In practice, conjunctive use of the water resource requires a change in 
philosophy, removing the administrative and planning barriers that have progressively eventuated over 
the last century. 

2.2 Groundwater resource state 

Two reports describe the resource state in the two major sectors comprising the Te Waihora / Lake 
Ellesmere catchment:  Rakaia Selwyn Groundwater Allocation Zone (Williams et al. 2008), and its 
neighbour, the Selwyn-Waimakariri Groundwater Allocation Zone (Williams and Gabites 2010).  In the 
former report, details of the resource state are updated to mid-2008, in the latter, to December 2009.  
Appendix A on page 43 of this report contains updated plots of groundwater levels from these two 
reports.  A brief résumé of groundwater issues associated with Lake Ellesmere is to be found in 
Williams (2009b).  Put succinctly, the health of the lake is largely dependent upon the state of the 
groundwater resource.  If the state of the groundwater resource is poor, then surface water discharge 
to the lake is low, from which other adverse water quality and ecological issues develop. 

No one well can be said to be typical of the Te Waihora / Lake Ellesmere catchment, although a few 
wells that have been monitored over the last 60 years (e.g. L36/0092) are remarkable indicators of the 
general state of the resource.  Broadly speaking the state of the groundwater resource is variable, 
depending on where it is being measured, and over what period.  Deep wells in the central and upper 
part of the plains (e.g. L36/1157 and L36/1226) exhibit groundwater levels deep below ground level 
and a strong seasonal variation.  Wells within 10 km of the coast or Lake Ellesmere display water 
levels much nearer the surface and with a strong seasonal component of variation (e.g. M36/2775).  
All but a few wells monitored regularly by Environment Canterbury show a response that indicates a 
signature corresponding with rainfall.  Wet periods or groups of wet years correspond with high 
groundwater levels, and vice versa.  Wells, especially shallow ones, that are close to the Rakaia (e.g. 
L36/0010) and Waimakariri rivers show a much weaker correspondence with rainfall recharge 
because groundwater levels are buffered by the constant seepage from the adjacent river.  Similarly, 
wells that are within or down-gradient of surface water-sourced irrigation schemes, especially those 
that use flood (border strip) irrigation, have their climatic signature masked (e.g. Wells L36/0258 & 
L36/1738 down-gradient of the Northbank and associated schemes). 

Groundwater levels do not always respond immediately and rapidly to rainfall.  This characteristic 
allows more detailed analysis than mere comparison of groundwater levels with rainfall or recharge 
statistics, such as eigenmodelling (Bidwell 2003).  Eigenmodelling smoothes out the irregularities in 
the climatic signature and allows straightforward comparison between groundwater levels and rainfall-
related recharge (e.g. Williams et al. 2008).  Once allowance has been made to account for the 
progressively increasing proportion of irrigated to non-irrigated land, and for estimated groundwater 
abstraction, the match between modelled and actual groundwater levels is good (Williams & Gabites 
2010).   

Appendix B on page 61 details some of these relationships and provides plots of the time-varying 
proportion of irrigated to non-irrigated land, time-varying demand, and the resulting recharge 
signature.  This time-varying recharge signature is matched against monitored groundwater levels for 
30 wells in Appendix A.  These data and plots will be used in Section 4.3 as the basis for describing 
and assessing a management mechanism. 

The state of the groundwater resource is, therefore, a variable condition, and is described using time-
series plots (Appendix A).  These plots also include the rainfall recharge series, accounting for the 
gradual increase in irrigated area, but are not corrected for groundwater abstraction.  Departure of the 
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groundwater levels from the rainfall recharge series line is an indication of lowered groundwater levels 
as a result of abstraction. 

The following statements derive from an analysis of the groundwater level plots located in Appendix A: 

¶ Deep inland wells generally show a strong relationship with the rainfall recharge signature, 
though with increasing evidence of interference effects (e.g. L36/0023, L36/0059, L36/0092, 
L35/0163, L36/0124 and many others).   

¶ Deep inland wells in the RSGAZ illustrate a greater degree of cumulative and seasonal 
drawdown than wells of equivalent depth and location in the SWGAZ (e.g. L36/1157, 
L36/1226).   

¶ Inland moderate to shallow wells adjacent to waterways in the upper Selwyn catchment: 
generally show a strong relationship with rainfall recharge but may illustrate additional winter 
recharge to that provided by rainfall (e.g. L35/0171, L35/0180, L35/0604).  Deeper wells show 
a correspondence with rainfall recharge but little effect from river input despite being close to a 
river, probably due to screen depth (e.g. L36/0064). 

¶ Shallow to moderate depth wells close to the rivers but show little or no correspondence with 
rainfall recharge being buffered by the adjacent river (e.g. L36/0010, L36/0127). 

¶ Shallow wells between SH1 and the spring-fed streams, showing close correspondence 
between levels and rainfall recharge (e.g. L36/0142, M36/0142, M36/0512). 

¶ Wells that illustrate effects of large up-gradient border dyke and spray irrigation schemes (e.g. 
L36/0258+1738, L37/0451). 

¶ Wells that are within or seaward of the spring discharge zone that show a maximum water 
level regardless of rainfall recharge (e.g. M36/0599, M36/1918, M36/2775, M36/7880).  In 
effect some of these groundwater level records display truncated maxima (e.g. M36/0599 & 
M36/2775 where peaks are consistent over the entire monitoring period). 

¶ Coastal wells are buffered by the fixed head effect of the ocean (e.g. M37/0010, M37/0287). 

In conclusion to this section a defensible general statement about the state of the resource is that it 
demonstrates a medium to strong correspondence with rainfall recharge.  While inland areas 
especially are showing inter-seasonal cumulative effects, manifested as levels below those expected 
from rainfall recharge alone, these lowered levels are not manifested closer to the coast except as 
seasonal interference which in turn impacts on the flows in spring-fed streams (Williams and Scott 
2010).  This distinction between groundwater level behaviour in the two major portions of the 
catchment is due to the fact that localised and short-term effects, when seen from a distance, become 
less overtly seasonal and more steady-state. 

Monitoring of groundwater levels is consistent with calculations that indicate that the RSGAZ is more 
over-allocated than the SWGAZ.  The reason for this difference in response to abstraction is due to 
the fact that the RSGAZ has more water allocated for abstraction than the SWGAZ, and to the 
differences in the proportion of irrigated land: in the RSGAZ it is 54%; while in the SWGAZ it is 30%. 

2.3 Surface water resource state 

Two reports describe the surface water resource state in the two major sectors in the Te Waihora / 
Lake Ellesmere catchment:  Rakaia Selwyn Groundwater Allocation Zone (Williams et al. 2008), and 
its neighbour, the Selwyn-Waimakariri Groundwater Allocation Zone (Williams and Gabites 2010).  In 
the former report, details of the resource state date to mid-2008, in the latter, to December 2009.  
Appendix C in this report contains updated plots of surface water flows for four of the spring-fed 
streams only because of their utility, with groundwater levels, to act as a signal of the resource state.  
A more detailed description of the surface water regime is contained in (Environment Canterbury 
2010b). 

Surface water, like groundwater, is dependent upon rainfall recharge.  Nevertheless, foothills-sourced 
waterways are more dependent upon local rainfall than the alpine rivers.  Flows in the alpine rivers 
relate to snowpack thickness (e.g. Rakaia and Waimakariri rivers) and climatic conditions within the 
Southern Alps that are spatially far removed from the Te Waihora / Lake Ellesmere catchment.  In 
contrast, the Selwyn and Hororata rivers are largely dependent upon rainfall incident on the foothills 
and there is little contribution from snow pack except for a short period in the spring.   
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The spring-fed streams associated with the down-gradient portion of the plains represent emergent 
groundwater, and their base flows do not usually relate to localised rainfall, except in winter when the 
land is close to fully saturated.  Instead, they relate well to the general state of the groundwater 
resource.  Spring-fed streams such as the Halswell River and to a lesser extent the LII (Liffey) exhibit 
a quick flow component derived from rapid runoff from urban development (CCC 2007).  In addition, 
the Halswell River receives rapid runoff from the western slopes of Banks Peninsula (Gabites and 
Williams 2007). 

Technical reports (Williams et al. 2008; Williams and Gabites 2010) detail a close correspondence 
between flows in the spring-fed streams and groundwater levels in adjacent and other monitoring 
wells.  Suffice it to say in this report that the flows in the spring-fed streams have been breaching their 
minimum flows over the last decade with more regularity than in any previous period.  This state of the 
resource

7
 has been instrumental in initiating the Restorative Programme for Lowland Streams in the 

RSGAZ which culminated in a consent review process that was decided in February 2010.  In their 
decision (Environment Canterbury 2010a, paragraph 131), the Commissioners stated: ñIn this 
situation, we consider that the technical evidence indicates that abstraction of groundwater, in 
combination with climatic factors, is having an adverse effect on surface water flows in the RSGAZ;   
..... the cumulative effect of all water abstractions (surface and groundwater), is shown to be having a 
significant adverse effect on surface water flows and consequently on aquatic ecosystemsò.  Further 
on in their decision, the Commissioners also stated in paragraph 132: ñWhile there may never be 
agreement on the predominant causes of declining surface water flows, we accept all water 
abstractions have some adverse effect on surface flows, albeit directly or indirectly, and immediate or 
delayed, given plausible hydraulic linkagesò.  

2.4 How does groundwater flow through the catchment? 

Groundwater flow within the eastern volcanic rocks of the Banks Peninsula can be effectively ignored 
as insignificant, as can the flow within the basement rocks of the foothills on the northwestern part of 
the catchment.  While groundwater is present in fractures and pores within these rocks and 
contributes to base flows, the stored volume of groundwater and the hydraulic conductivity of the 
groundwater storage are both very low in comparison to gravel aquifers, which means that 
groundwater abstraction is generally only of a magnitude suitable for domestic use.  Springs issue 
from the sides of bedrock slopes on Banks Peninsula and the foothills, contributing water to the base 
flow of streams (Sanders 1986; Brown & Weeber 1994). 

In contrast, groundwater flow in the gravel-dominated valleys within and peripheral to the foothills (e.g. 
Hawkins and Hororata rivers) and within the bulk of the plains, is economically significant.  
Groundwater exhibits a variety of flow directions depending on the lateral and vertical distribution of 
pressures.  Contouring of these pressures or piezometric head above mean sea level provides the 
basis for Figure 2-1.  Vincent (2006) provides a detailed study of groundwater flow directions, using 
both pressure, geochemical and stable isotope data, showing the surface water may enter and leave 
the groundwater system several times. 

An important aspect of the groundwater flow pattern is that the alpine and foothills rivers distort the 
regional contours that would otherwise be expected to generally parallel topographic contours.  The 
implication of this observation is that these rivers act as line sources of recharge, a conclusion verified 
by geochemical and stable isotope data (e.g. Hanson & Abraham 2009).  This is most obvious beside 
the middle reaches of the Rakaia River, where groundwater levels close to the river are measured as 
being anything up to 30 m higher than the levels several kilometres away from the river.  Distortion of 
regional contours is also evident near the upper reaches of the Selwyn River, close to its confluence 
with the Hororata River, and again, along the most southerly reach of the Waimakariri River, near 
Halkett. 

Groundwater pressures measured in wells indicate that, in the upper parts of the plains, at least as far 
southeast as State Highway 1, groundwater flows laterally down a near-horizontal pressure gradient 
that is similar in orientation and slightly less steep than the land surface (Figure 2-1).  In addition, in 
the upper part of the plains especially, groundwater also permeates downwards, vertically down 
through the gravel strata (Lough & Williams 2009).  In the lower parts of the plains, lateral flow occurs, 
but is joined by a generally upward flow of groundwater towards the surface discharge points.  

                                                     
7
 The Rakaia Selwyn Groundwater Zone ï Technical summary of the effects of groundwater abstractions on 

stream flows and reliability of groundwater; Letter addressed to consent holders in the Rakaia Selwyn 
Groundwater Allocation Zone, 26 June 2007, Environment Canterbury. 
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Evidence of this groundwater flow pattern is in part from recorded groundwater pressure changes with 
depth (Lough and Williams 2009), and in part by water chemistry (Hanson and Abraham 2009).  This 
pattern of variable amounts of vertical flow, driven by downwards-decreasing pressures in the upper 
part of the plains and downwards-increasing pressures near the coast, is well documented (NCCB 
1983).   

These patterns of flow provide a basis for a conceptual understanding of the groundwater dynamics of 
the catchment that is consistent with other well-documented and modelled aquifer systems (Hubbert 
1940; Freeze and Witherspoon 1967).  

 

Figure 2-1:  Map of Te Waihora / Lake Ellesmere catchment showing variation in piezometric 
level  

Groundwater flows seawards across the coastline in the vicinity of Te Waihora / Lake Ellesmere, 
perhaps issuing as springs along the continental shelf.  Quantifying this discharge directly into the 
marine environment over a large area has not been possible, but it has been modelled.  Results of 
modelling indicate considerable uncertainty in flows, such as 13.1 m

3
/s (Taylor 1996 ),  9.8 m

3
/s (Weir 

2008), and a range from 0.2 to 16 m
3
/s (White 2008: Table 5.10).  These values for offshore flow will 

be re-visited in Section 2.9 of this report relating to water budgets.  Williams and Gabites (2010) argue 
that the seasonal variation in the flow of groundwater across the coast is small simply because the 
changes in horizontal hydraulic gradients in this region are small.  When hydraulic gradients increase 
as groundwater levels increase inland because of additional (winter) recharge to the aquifer system, 
the increase causes additional spring discharge to occur, thereby constraining the increase in 
gradient.  Put another way, under ideal conditions, water will flow most efficiently from the easiest 
discharge point, the springs that feed the streams near the coast.  Physical considerations indicate 
that more work has to be done by the groundwater to flow sub-surface out onto the continental shelf 
through the aquifer system than by discharging into the surface water system.  

Why is this concept of sub-coastal discharge important?  Because the ratio of spring discharge to sub-
coastal discharge affects the sensitivity of the spring discharge to changes in groundwater level.  This 
sensitivity is significant to assessment of effects of groundwater abstraction on the spring discharge.  If 
most of the aquifer discharge is through the spring system, changes in groundwater level cause 
significant changes in spring discharge.  Conversely, if most of the aquifer discharge is through the 
sub-coastal route, then the springs become less susceptible to groundwater level change.  In the 
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former, the springs are a reliable measure of cumulative effects, in the latter, they are not.  Analysis by 
Williams and Aitchison-Earl (2006), Williams et al. (2008) and Williams and Gabites (2010) showed a 
strong dependency of spring discharge on local groundwater levels.  

2.5 What is the general relationship between groundwater and 
surface water? 

The Te Waihora / Lake Ellesmere catchment amply illustrates the two facets of the water resource.  
Surface water is seen to seep into the ground, forming groundwater (losing streams such as Hawkins, 
Waianiwaniwa, Hororata and Selwyn rivers).  Groundwater is seen to discharge at surface and 
become surface water (gaining streams such as Halswell, LII, and Selwyn rivers, and Harts Creek).  
The former process tends to occur in the upper part of the plains where the foothills rivers discharge 
onto and disappear into the plains (Vincent 2006, 2007; Rupp et al. 2008).  The latter process tends to 
occur close to Lake Ellesmere, or near the coast where groundwater appears in springs and as down-
gradient increases in flows of spring-fed streams.  The spatial distribution of losing and gaining 
streams is similar to and dynamically consistent with the zones of downwards- and upwards-
decreasing groundwater pressures,  respectively. 

The Rakaia and Waimakariri rivers both lose surface flow to the groundwater system.  The rate at 
which this flow is lost can be measured by undertaking concurrent gaugings in the rivers and noting 
losses (or gains) in flow.  Independent evidence of this flow loss is provided by the rapid and steep 
increase in groundwater levels as the rivers are approached.  Details of this loss are described in 
Section 2.6. 

There is no good technical or management reason to distinguish between groundwater and surface 
water, they are simply two faces of the same resource (cf: Greek mythology - Janus; Taoist - Yin & 
Yang).  Managing the one resource conjunctively is a more effective way of managing any adverse 
environmental effects related to abstraction and of ensuring that any restrictions on abstraction to 
manage environmental effects are shared by all those who contribute to the effects. 

2.5.1 Spatial variation in groundwater ï surface water relationships  

The spatial variation in the mode of occurrence of groundwater and surface water allows the 
catchment to be sub-divided up into at least sector portions, as stated earlier, now described in more 
detail. 

Foothills and Banks Peninsula:  The foothills and the peninsula as defined in Section 1.2, contain no 
significant groundwater and the water budget is dominated by surface water.  Gauged surface water 
flows relate well with rainfall statistics, allowing determination of mean flows and isohyds (Taylor 1996: 
Figure 7.5).  After significant rainfall, flows increase and decrease relatively rapidly to base flows.  The 
rivers are óflashyô with median flow much lower than mean flow.  

Along the northwestern boundary of the plains, discrete gravel-filled valleys represented by the middle 
reaches of the Hororata, Selwyn, Hawkins and Waianiwaniwa rivers, though contiguous with the plains 
proper, contain groundwater that is demonstrably hydraulically connected with these rivers.  As such, 
the groundwater in these relatively narrow valleys is, in effect, surface water and could be managed as 
such.  The boundaries between these isolated valleys and the plains proper, separating areas where 
water is managed either as groundwater or surface water, will be lines that have yet to be determined. 

Plains: The plains contain variable amounts of surface water but groundwater is dominant.  After 

rainfall, flows and groundwater levels increase and decrease much less rapidly than those associated 
with the foothills.  While shallow groundwater levels increase in tandem with spatially associated river 
flows, deeper groundwater rises and falls only slowly under natural conditions (Rupp et al. 2009).  
Groundwater and surface water flows illustrate a consistency with the rainfall patterns. 

Rakaia riparian sub-area: A riparian sub-area borders the Rakaia River, where groundwater levels 
are buffered by seepage from the adjacent river, with the result that levels do not relate closely with 
rainfall patterns (Williams 2009a). 

These three sectors underpin the need for three distinct types of resource management within the 
catchment: 
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¶ The limited groundwater and surface water resources in the separated foothills and Banks 
Peninsula sectors and the small isolated gravel-filled valleys that indent into the foothills, can 
be managed together, as surface water; 

¶ The dominating groundwater resource in the plains portion of the catchment can be managed 
solely as groundwater; 

¶ The spatially limited resource of groundwater in the Rakaia riparian sub-area (Williams 
(2009a) can be managed as a combination of groundwater and surface water. 

How these three sectors could be managed to accommodate these contrasting behaviours is dealt 
with later in this report in relation to allocation issues.   

2.6 What is the influence of the alpine rivers? 

The alpine rivers discharge, by seepage to groundwater, a large component of the total water budget 
for the catchment (Scott and Thorley 2009).  This recharge to groundwater is not directly quantifiable, 
even with gauging, because not all of the lost water is gained by the neighbouring groundwater 
system.  Some stays in the gravels underlying the river, only to reappear as flow downstream.  
Quantifying this seepage is a physical and technological challenge although new tools are making the 
job physically easier and more precise.  

One effect of this seepage from the alpine rivers is that it maintains groundwater beside and beneath 
them at nearly constant levels.  As a result, the alpine rivers act as near-linear constant head 
boundaries (Bidwell 2002), from which there is a lateral decline in heads with distance from the river.  
It is highly significant to the contents and aim of this report that without the recharge donated by these 
alpine rivers, groundwater levels in the Te Waihora / Lake Ellesmere catchment would be considerably 
lower than they are currently (Bidwell 2003) and there would be little or none to allocate for large-scale 
irrigation. 

Estimates of the seepage into the Te Waihora / Lake Ellesmere catchment from the rivers is as 
follows: upper portion of Waimakariri River 3.5 to 4 m

3
/s; and for the entire Rakaia River  3 to 11 m

3
/s 

(White 2008).  These figures deliberately do not include the up to 7.5 m
3
/s that seeps into the 

Christchurch ï West Melton zone to the north of the catchment boundary.  The uncertainties 
associated with these seepage losses are large, perhaps as much as 50%.  Notwithstanding these 
losses, it is understood from the Canterbury Strategic Water Study (CSWS 2002), and from modelling 
by Bidwell (2003), that the seepage input is likely to be largely constant or is assumed to be in 
modelling such as undertaken by Rupp et al. (2009). 

It is important to acknowledge that if the seepage from the two alpine river systems is generally 
constant then its quantum is not material to the water budget.  The seepage represents a fixed charge 
on the river, and a fixed income for the groundwater system.  Large scale modification of the flow 
regime of these two alpine rivers by flood harvesting would likely upset the current dynamic 
equilibrium of recharge.  To what degree is currently uncertain. 

2.7 Identification of boundaries to the Te Waihora / Lake 
Ellesmere catchment 

The Te Waihora / Lake Ellesmere catchment is to some extent an artificial construct.  In part the 
boundaries are well defined topographically (Figure 1-1), for example on the Banks Peninsula and 
along the northwestern margin in the foothills.  Elsewhere, our current understanding of the catchment 
is that the gravel-dominated plains portion of it has porous boundaries where groundwater may move 
laterally across them.  The current loci of these porous boundaries are defined using surface water 
(topographic) criteria that may be largely ignored by groundwater.  In light of this situation, for this 
report there is a need to explain and justify the catchment boundaries, specifically along the following: 

¶ the Plains/ Foot Hills divide,  

¶ the Plains/Banks Peninsula divide 

¶ the Rakaia Riparian sub-area (Figure 2-2) 

¶ the Christchurch/West Melton Groundwater Allocation Zone (Figure 2-3),  
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The catchment boundary is defined clearly from a topographic standpoint along the watershed within 
the Banks Peninsula, and along the corresponding watersheds defined topographically by the 
combined watersheds of the Hawkins, Hororata and Selwyn rivers. 

The two detailed maps (Figure 2-2 and Figure 2-3) show how two of the less clearly-defined 
boundaries have been derived, and how other data support the boundary decision.  Later I will  provide 
comment on uncertainty in the placement of these boundaries, not only in space, but in time. 
 
In Figure 2-2, much of the recently revised boundary of the Te Waihora / Lake Ellesmere catchment 
(s.s.: see Glossary) lies within the groundwater catchment represented by the RSGAZ but its western 
side lies also within the current and proposed boundary of the Rakaia riparian sub-area.  Inclusion of 
the riparian sub-area is based on the observation that groundwater piezometric contours imply 
groundwater flow derived from the river passes through the catchment boundary, verified by 
geochemical data (Williams 2009a).  

 

Figure 2-2: Detailed catchment boundary map showing the boundary between Te Waihora / 
Lake Ellesmere catchment (red triangles), current Rakaia riparian sub-area 
(shaded pink), and blue line - proposed Rakaia riparian sub-area (Williams 2009a) 

In Figure 2-3, the boundary of the Te Waihora / Lake Ellesmere catchment (s.s.) lies south of the 
Waimakariri River and then is deflected southwards along an inferred line of groundwater flow, derived 
from piezometric maps, that forms the groundwater catchment between the SWGAZ and the 
Christchurch-West Melton Groundwater Allocation Zone.  A further boundary complication is that the 
West Melton Special Zone (Little 1997) straddles the boundary between the SWGAZ and the 
Christchurch-West Melton Groundwater Allocation Zone (Figure 2-3).  Currently, this special zone 
requires restriction of abstractions when groundwater levels in nominated wells are lower than trigger 
levels. 

Note that the Te Waihora / Lake Ellesmere catchment boundary (s.s.) lies both within and outside the 
boundary of the SWGAZ.  This situation provides a conundrum ï which boundary is more significant to 
water resource management?  If the Te Waihora/ Lake Ellesmere catchment is to dominate the 
management boundary then a small part of the Christchurch-West Melton Groundwater Allocation 
Zone is within the catchment.  If a new water management boundary is to be set up that does not 
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include the Christchurch-West Melton Groundwater Allocation Zone, then part of the Te Waihora / 
Lake Ellesmere catchment (s.s.) lies outside the proposed resource management zone. 

In two further figures the placement of the boundary between the foothills sector and the gravel-
dominated plains (Figure 2-4), and the plains and Banks Peninsula (Figure 2-5) are shown.  These 
boundaries are not catchment boundaries in a watershed sense but boundaries outlining areas where 
underlying groundwater is recharged dominantly by rainfall into gravel strata.  The boundaries have 
been placed on the basis of new geological mapping (Cox & Barrell 2007; Forsyth et al. 2009).  In 
Figure 2-4, although not a boundary to the Te Waihora/ Lake Ellesmere catchment, the boundary 
between foothills and gravel-dominated plains is significant for calculation of rainfall recharge. 

Similarly, in Figure 2-5, although not a boundary to the Te Waihora/ Lake Ellesmere catchment, the 
boundary between the volcanic rocks of Banks Peninsula and gravel-dominated plains is also 
significant for calculation of rainfall recharge.  

Why are these boundaries important?  Because they delimit the area for which rainfall recharge is 
calculated, leading to the groundwater allocation limit.  Note that the boundary of the SWGAZ does not 
completely conform with the gravel / non-gravel boundary in the foothills area.  

 

Figure 2-3: Detailed catchment boundary map showing the boundary between the Te Waihora / 
Lake Ellesmere catchment (s.s.) and the Christchurch-West Melton Groundwater 
Allocation Zone and the location of the West Melton special management zone 
(orange) 
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Figure 2-4: Detailed catchment boundary map showing the boundary between the gravel-
dominated plains (buff) and the foothills (blue) 

 

Figure 2-5: Detailed catchment boundary map showing the boundary between the gravel-
dominated plains (buff) and Banks Peninsula volcanic rocks (blue) 
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The lack of overlap of these boundaries is very small.  The difference in the total area of the Te 
Waihora / Lake Ellesmere catchment as distinct from the sum of the two individual groundwater 
allocation zones is probably less than 1%.  Therefore, modifying the allocation limits to accommodate 
these slight boundary issues is not likely until these and other boundaries have been finalised, and 
may not even be necessary. 

2.7.1 Relationships between the Christchurch/West-Melton Groundwater 
Allocation Zone and the Te Waihora / Ellesmere catchment  

The boundary of the Te Waihora / Lake Ellesmere catchment (s.s.) lies outside the north-eastern 
boundary of the Selwyn-Waimakariri Groundwater Allocation Zone, as depicted in Figure 2-3.  In effect 
then, part of the Christchurch West Melton GAZ lies within the Te Waihora / Lake Ellesmere 
catchment (s.s.).  A similar issue occurs on the southwest side of the catchment, where the Rakaia 
riparian sub-area lies outside the Te Waihora / Lake Ellesmere catchment but is included for water 
resource management purposes, as shown in Figure 2-2.  The significant difference between these 
two examples is that the Rakaia riparian sub-area is part of the RSGAZ, whereas the portion of the 
Christchurch-West Melton GAZ that lies in the Te Waihora / Lake Ellesmere catchment is a small part 
of a zone that has different water management issues.  For example, the Christchurch-West Melton 
GAZ is not a óredô zone in that it currently has no allocation limit and the major resource abstraction in 
that zone is for industrial use and reticulated supply in the City of Christchurch. 

The difficulties associated with this boundary conflict could be resolved by making a number of 
decisions as shown in Table 2-1.  Neither of these two options is ideal in that they both require 
modification to something already determined.  Nevertheless, the second option involves no need for 
modification of boundaries that are set in the PNRRPV1.  In addition, treating the Te Waihora / Lake 
Ellesmere catchment as a loose zone (that is: s.l.: see Glossary), perhaps by calling it a Water 
Management Zone (WMZ), is less complicated and allows some other neighbouring areas to be 
included, and others excluded.  

In this report, for reasons of convenience I recommend that a loose meaning to the term Te Waihora / 
Lake Ellesmere catchment can be used (s.l.), acknowledging that parts of the catchment (s.s.) are 
outside it.  This decision is unlikely to disadvantage consent holders in these boundary areas. 

Table 2-1:  Te Waihora / Lake Ellesmere catchment boundary issues 

2.7.2 How does the boundary of the Te Waihora / Lake Ellesmere catchment 
relate to the Waimakariri Plan boundary? 

The mutual boundary between the Waimakariri River Plan and the proposed Te Waihora / Lake 
Ellesmere Catchment Plan is the hydrological catchment boundary and therefore the plan areas do 
not overlap, so there are no jurisdictional or management issues. 

Decision Result 

1. Either: modify current groundwater 

allocation zone boundaries to conform with the  
Te Waihora / Lake Ellesmere catchment  (s.s.) 
boundaries.  (Te Waihora / Lake Ellesmere 
Catchment Plan over-rides PNRRPV1 and 
PNRRPV4). 

Creates a planning issue with boundaries that 
are set in the PNRRPV1 and allocation limits 
that are set in PNRRPV4.   

The Rakaia riparian sub-area on south side is 
óorphanedô and would need to be considered 
separately as a new allocation zone. 

2. Or: develop a water resource 
management zone (WMZ) with a nominal outline 
generally corresponding with the  Te Waihora / 
Lake Ellesmere catchment  (s.l.).  In detail, small 
parts of the  Te Waihora / Lake Ellesmere 
catchment  (s.s.) would lie outside the WMZ, 
and conversely, a small part of another 
catchment and allocation zone would lie within 
the proposed WMZ. 

Keeps areas of similar interest together.  

Allows existing groundwater allocation zones 
to stand. 

Allocation limit for WMZ area would be a 
combination of existing limits. 
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2.8 How robust is the current understanding of the water resource 
in the Te Waihora / Lake Ellesmere catchment? 

This section provides answers to four technical questions posed for planning purposes regarding the 
accuracy and precision of our current information and understanding, as well as future data and 
monitoring needs, all of which may be reflected in the policy framework.  These answers highlight 
where a precautionary approach is advisable and where further investigations are needed.  

2.8.1 What are the assumptions and hypotheses significant for planning purposes? 

A number of major assumptions have been made relating to the water resource (Table 2-2). 

Table 2-2: Major technical and data assumptions 

Assumptions Comments 

Groundwater flows out to 
sea underneath the 
coastline and Te Waihora 
/ Lake Ellesmere. 

Universally acknowledged to be true but not quantified, likely to be 
invariant (Williams and Gabites 2010).  Conceptual modelling of the 
hydrological system suggests that were piezometric gradients to rise 
significantly, rather than increasing the sub-coastal flow, the spring 
discharge to the lowland streams would rise instead. 

Variability in groundwater 
levels and, to some 
extent, flows in minor 
surface waterways, result 
from variation in rainfall 
recharge and abstraction. 

Eigenmodelling confirms this assumption with a high degree of confidence 
(Bidwell 2003).  Eigenmodelling of the relationship between rainfall, 
evapotranspiration, groundwater levels and estimated abstraction from 
the groundwater system indicates that rainfall recharge is the main 
variable affecting groundwater levels (Williams and Gabites 2010). 

Abstraction rate 

Estimates based on data contained within the Environment Canterbury 
RMA Database and climate modelling.  The observation that 
eigenmodelling can reasonably predict groundwater levels and flows 
(Williams and Gabites 2010; Williams et al. 2008) is an indication that the 
values for net abstraction rate are in the right order.  Water metering is 
expected to allow verification of the predicted estimates. 

Contoured piezometric 
level maps 

Based on contouring of sometimes sparse and irregularly-distributed data 
derived from different depths.  General picture of coastwards-declining 
levels above mean sea level is acknowledged; detailed picture is less 
certain but is unlikely to create resource management difficulties. 

2.8.2 What are facts and how robust are they? 

A number of major observations that can be considered ófactsô have been made relating to the water 

resource (Table 2-3); their reliability is described. 

Table 2-3: Facts used and their reliability 

Facts Reliability 

Groundwater 
levels 

Level reliable to better than 1 cm, time to better than 1 hour, spatial distribution is 
patchy, with some depth ranges not monitored sufficiently.  Levels are not 
naturalised for abstraction because abstraction is rarely monitored. 

Groundwater 
flow direction 

Based on piezometric surveys undertaken in the 1980s and 1990s (Table 2-2).  

Unlikely to have changed markedly since then.  In detail, groundwater flow paths 
may have altered as a result of intense localised abstraction not occurring during 
those surveys.  Issues occur with choice of data from wells at different depths.  

Surface flows 

Flow reliability better than 10%, commonly better than 5%, timed to within 15 
minutes in most cases.  Some sites with monthly flows only, or less frequent, 
making determination of robust flow statistics problematic.  Flow record and 
derived statistics are time-dependent as a result of climatic cycles and changing 
irrigation abstraction demand (McKerchar & Schmidt 2007).  Flows have generally 
not been naturalised for up-gradient abstraction because abstraction is rarely 
monitored. 

Minimum flows / 
MALF data 

Good reliability on major rivers and those on which continuous recording has been 
in place for the last 10 to 15 years (primary sites).  Less reliable on small streams 
that are monitored only monthly or less frequently (secondary sites).    
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Facts Reliability 

Surface geology 
Based on national set of published geological maps at 1:250 000 scale compiled 
from larger-scale mapping. 

Topography 

Based on national topographic series map NZM260 from which a digital elevation 
model has been created with uncertainty of <20 m.  These maps now superceded 
by Topo50 series, using same topography but a slightly different projection (2000), 
New projection corrects latitude and longitude values associated with the 1949 
projection by about 200 metres.  These issues are largely irrelevant to this report.  

Surface 
waterway 
location 

Based on photographs and topographic maps, commonly better than 20 m, less on 
the braided rivers where maps do not provide information on which braids are 
active.  Maps and photographs are snapshots that cannot show the relatively rapid 
migration of braids across and along the river channel. 

Seepage rate 
from alpine 
rivers 

Measured by means of a series of concurrent gaugings, also estimated using 
eigenmodelling (Bidwell 2002).  Neither method has a high reliability, perhaps 
±50%. 

2.8.3 What is anecdotal evidence or not tested? 

A number of major untested assumptions and anecdotal evidence have been made or used relating to 

the water resource (Table 2-4). 

Table 2-4: Untested facts and anecdotal evidence 

Fact Source and status 

Volume of groundwater flow passing 
underneath coastline 

Modelled only; location and scale means that it is 
not physically measureable. 

Seasonal water use  
Estimates from Consents Database modified for 
rainfall and evapotranspiration using same method 
as that for calculating rainfall recharge.   

Which braids of alpine rivers are active at any 
one time (especially Rakaia River braids) and 
which streams are flowing at various locations? 

Farmer diaries (unverified).   

2.8.4 What are the unknowns? 

A number of major assumptions have been made relating to the water resource that are effectively 

unknowns (Table 2-5). 

Table 2-5: Unknowns 

Unknowns Comments 

Rate of sub-coastal 
groundwater flow 

Can only be modelled, not measured, significant in rate, but likely 
relatively constant so can be safely ignored in these circumstances. 

Groundwater contribution 
from fractured bedrock on 
the Banks Peninsula and 
the foothills 

Likely to be insignificant and relatively constant in rate so can be ignored 
in water budgets. 

Historical and current 
groundwater abstraction 
rate 

Highly significant to prediction of effects.  Unknown simply because it 
has been rarely measured in the past.  Groundwater abstraction has 
been estimated on an allocation zone-wide scale on the basis of 
calculated demand and estimated irrigated area.  Estimates of current 
rates of abstraction likely to improve as more abstractions are metered. 

Historical and current 
surface water abstraction 
rate 

Highly significant to prediction of effects.  Unknown simply because it 
has been rarely measured in the past.  It has been estimated in a crude 
way by assuming 50% of consented abstraction over a season. 

2.9 Water budget 

In several places in this report, the concept of a water budget has been mentioned.  A water budget is 
simply a table of inputs and outputs to a hydrological system.  The most recent attempt at a water 
budget for the Te Waihora / Ellesmere catchment is that of White (2008), revised in Williams (2009a).  
Table 2-6 shows the range of inputs and outputs and the source of information and is largely based on 
White (2008). 
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Table 2-6:  Water budget for the Te Waihora / Ellesmere catchment (Modified from White, 2008) 

Component 
Te Waihora / Ellesmere 
catchment (m

3
/s) 

Land surface recharge (A) 23.8
 

Rainfall on lake (B) 3.6 

Recharge from rivers  (C1)  
Rakaia 

3 to 11 

Recharge from rivers  (C2) 
Selwyn 

1.5 to 3.5 

Recharge from rivers  (C3) 
Waimakariri 

3.5 to 4 

Surface water Banks Peninsula to lake (D) 0.3 

Sea water inflow to lake (E) 3.5 

Stock race leakage (F) 1.0 

Evaporation on lake (H) 6.1 

Surface water discharge to sea   (I) 12.9 

Discharge across Kaitorete Barrier (J) 1 to 5.6 

Use - groundwater (K) 11.3 

Use  - surface water (L) 0.3 

Inter-zone transfer: outflow from Te Waihora / Ellesmere catchment to 
Rakaia riparian sub-area (M) 

2.1 to 2.8 

Inter-zone transfer: outflow from Te Waihora / Ellesmere catchment to 
Christchurch ï West Melton Groundwater Allocation Zone (N) 

1 

Sum of inflows  (A+B+C+D+E+F) 40.2 to 50.7 

Sum of outflows excluding off-shore groundwater  (H+I+J+K+L+M+N) 34.7 to 40 

Off-shore groundwater outflow  (sum of inflows ï sum of outflows) 0.2 to 16 

Intra-zone transfer groundwater discharge to streams flowing to lake 12 

Intra-zone transfer groundwater discharge direct to lake 0.1 

 
The water budget estimate contains gross uncertainties in the inputs and outputs that are sub-surface.  
Rates of seepage from the Rakaia and Waimakariri rivers (Table 2-6: ó(C1)ô and ó(C3)ô) are likely to be 
in the range of 4.5 to 15 m

3
/s.  While it is generally acknowledged that seepage from the Rakaia River 

upstream of SH1 is considerable, some of it stays within the terraced zone. 

Arguments in favour of seepage remaining within the confines of the river channel seem to be at 
variance with assessments of seepage from the river into the groundwater system using modelling.  
This modelling shows a need for a substantial óbaseô river-related recharge to maintain groundwater 
levels in the mid- to upper plains (Scott and Thorley 2009), supported by geochemical data described 
by Hanson and Abraham (2009). 

The strong relationship between rainfall recharge and groundwater levels, and isotopic data (Stewart 
et al. 2002; Hanson and Abraham 2009), together support the conclusion that the Rakaia and 
Waimakariri rivers lose significant flow into the adjacent groundwater system. 
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3  Effects of groundwater abstractions  on the 

resource in the Te Waihora / Lake Ellesmere 

catchment  

This section of the report illustrates with time series plots located in Appendix A the effects of 
groundwater abstractions on the water resource. 

3.1 What are the effects of groundwater and surface water 
abstractions on the resource? 

Put simply and accurately, consumptive removal of surface water and groundwater from the resource 
reduces the eventual discharge to the marine environment (Theis 1940). 

While the statement above is wholly true and can be rationally determined from pure logic;  location, 
timing and depth of abstractions impact on this discharge reduction in various ways, and these can be 
modelled.  It is reasonable to ask why the cumulative effects of abstraction cannot be measured 
(Williams and Scott 2010).  In aquifer systems, especially large and leaky ones, development of 
effects is damped in time from their cause and effects are distributed over large areas.  The leakiness 
of the semi-confined aquifer strata has in the past been a matter of some debate (Lough and Williams 
2009), but there has been some independent acknowledgement of this issue (Weir 2010) to the effect 
that there is now consensus that abstraction from deep wells does have a significant effect on shallow 
groundwater budgets.  Aquifer dynamics in the Te Waihora / Ellesmere catchment is addressed in 
Williams et al. (2008) and in Williams and Gabites (2010).  For the purposes of this report the following 
simplified description must suffice.  

In general terms, abstraction of groundwater from aquifers need not involve a change in discharge 
provided that the change is accommodated by a change in the stored volume of water 

8
.  This change 

in storage cannot go on indefinitely, it ultimately must cease or slow, and a consequent change in 
discharge must occur.  Change in storage is common in closed groundwater systems (e.g. Nubian 
sandstone aquifer system)

9
.  In the long term, storage is generally nearly constant in open systems.  If 

it is not, then groundwater mining is taking place, as in the Ogallala aquifer in western USA (NPGCD, 
undated). 

On the Canterbury Plains, seasonal abstractions from deep groundwater, especially those that are 
distant from the coastal, discharge end of the aquifer system, ultimately have an effect on groundwater 
levels throughout the system, and on discharge, but the seasonality of the cause creates only a low 
amplitude effect.  Put another way, deep and distant abstractions cause year-round effects equivalent 
to the mean annual net abstraction (Williams and Scott 2010).  

Shallow seasonal abstractions, and those that are close to the discharge side of an aquifer system, or 
located adjacent to streams with which they are hydraulically connected, have rapid and seasonal 
effects on waterways and groundwater levels. 

Quantification of these effects can be modelled using spreadsheet analytical models such as Hunt and 
Scott (2005, 2007), or eigenmodels (Bidwell 2003; Williams et al. 2008; Williams and Gabites 2010; 
Thorley et al. 2009). 

A problem with measuring these cumulative effects of takes is that they are occurring on different time 
scales, to different degrees, and all the while recharge to the system is variable.  The result of this 
coincident hydrological activity is that it is not generally possible to discern the effects from the 
background noise.  That is why cumulative effects must be modelled, not measured. 

                                                     
8
  A thought experiment may be undertaken concerning a tank being filled with water at a continuously variable 

rate.  The tank is also allowed to discharge at a different variable rate.  As a consequence, the level of water in 
the tank varies with time.  Such an experiment can be made into a physical or numerical one. 

9
 http://www-naweb.iaea.org/napc/ih/Nubian/IHS_nubian_ancient_waters_sands.html 
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3.2 What are the effects of abstractions on reliability of supply for 
existing and additional abstractors? 

Any new abstraction must reduce the reliability of supply for existing abstractors (Lincoln 
Environmental 2002).  Whether the decrease in reliability is significant to abstractors and, or to the 
environment, depends on the state of the resource.  The reliability of supply for groundwater 
abstractors is a function of groundwater level and its range of seasonal variability.  If groundwater 
levels continue to decline because post-irrigation season recovery is insufficient, then ultimately, 
groundwater may fall below the reach of pumps.  Two courses of action are then available to 
abstractors: they can drill a deeper well to improve their reliability; or they can accommodate to the 
reduced reliability.  Feedback to Environment Canterbury on such options in the past has universally 
shown that these options are unacceptable to abstractors.  Between December 2003 and July 2007 
there were 34 existing users having to drill deeper wells as a result of their wells becoming too shallow 
to intercept the groundwater (Ensor 2007).  Complaints of lowered groundwater levels and ódryô pumps 
continue to be logged by Customer Services at Environment Canterbury.  The 2003-7 period of 
declining levels corresponded with declining surface flows in the spring-fed streams (Gabites 2007). 

As a response to this issue of declining levels, NRRPV1 Policy WQN15 defined the concept of 
adequate penetration depth for new ad existing wells.  Newly-granted abstractions, or existing users 
deepening their wells are advised to drill deep wells to ensure continued reliability of supply in the 
medium term.   

Continued granting of consents for additional abstractions means firstly that groundwater levels must 
decline on average (they may recover to varying extents after winter rainfall recharge) and secondly, 
there is a commensurate decline in discharge from the system.  Continued granting of abstractions ad 
infinitum, without acknowledging the adverse effects, is physically, socially, economically and 
environmentally unsustainable.  

At least two alternative courses of action are then available to Environment Canterbury: it can prohibit 
further granting of abstractions, or, it can institute some sort of resource management mechanism 
such that when the resource state is under stress, restrictions apply to one or more consent holderôs 
entitlement to take.   Neither course is ideal, the former has weight in law under the RMA (1991), with 
case law to back it up, the latter is an administrative and compliance challenge and continues the 
current reduction of reliability of older consents.   

A combination of the two courses of action is likely in which granting no further consents (a 
moratorium) occurs, until: the allocation limit and the effective allocation are similar in magnitude; and 
the management mechanism of choice is seen to be producing a match between monitoring results 
and with predicted effects.  

3.3 Steady state effects of current abstraction 

The steady state effects of the current level of groundwater abstraction is similar in scale to the sum of 
all abstractions, annualised to about 12 m

3
/s (Table 2-6).  This value is in the same order of magnitude 

as the surface discharge from the catchment to the sea, and both add up to a value close to the 
rainfall recharge to the catchment.  In terms of the PNRRPV1, the catchment is fully allocated, 
allocation being above 50% of the rainfall recharge.   

3.4 Effects of variable recharge and abstraction 

Steady state conditions do not occur in natural world.  For example, in any one irrigation season, the 
rainfall recharge may be more or less than the mean, as may the abstraction rate.  As a result, 
groundwater levels and discharge flows to streams are variable.  In some years there is more than 
enough water for abstractors and for the environment.  In others, the converse is true: recharge is low 
and demand is high and there is not enough water to satisfy the various demands.   

Managing the abstraction of a water resource as if the environment was steady state is not an efficient 
use of the resource, neither is it effective in reducing the adverse effects of abstraction. 
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3.5 What is the likelihood of these abstraction effects increasing, 
and under what circumstances? 

Modelling and to some extent, monitoring of groundwater levels, indicates that abstraction effects take 
time to develop because not all of the allocated volume is being used (McIndoe 2006).  Additional 
abstractions can only add to these effects.  In this respect, the effects of abstraction are much like the 
effects of burning fossil fuels: the storage of carbon dioxide goes up in the atmosphere, and various 
effects are contingent upon this change in storage.  In the case of anthropogenic climate change, the 
time lag is measured in decades, even centuries.  In the case of the groundwater system, it may be 
less than a decade but it is delayed from the cause, which makes it almost impossible to measure. 

Another, topical analogy for the relationship between direct and cumulative effects, is the relationship 
between commuter traffic and the general increase in car use over time in a typical city.  The general 
year-on-year increase in traffic is a gradual cumulative effect and is hard to actually measure precisely 
over the noise of the daily effects caused by traffic interaction.  We all know that temporary effects 
such as frustrating traffic jams, incidence of road rage and grid-lock are easy to measure (direct 
interference effects) and they seem to worsen with time (cumulative effects). 

Therefore, the likelihood of abstraction-related effects increasing with time is dependent upon the 
extent that current effects are indicative of the current state of abstraction, that is: what is the time lag 
between cause and effect?  Granting of additional abstractions will cause increased effects, though 
not immediately because not all consents granted are taken up to their full intensity at the 
commencement of the activity.   

Reducing the likelihood of an increase in abstraction effects over those currently monitored can only 
happen if there are restrictions on the amount of water abstracted, especially when the resource state 
is poor, that is, when groundwater levels and surface flows are already low.  Time lags involved in the 
system operation mean that management only when the resource state is poor is already too late to 
reduce the risk of adverse effects.  Depending on stakeholder demand for pre-irrigation season 
certainty, the optimum time to identify if any restrictions will be needed is prior to the irrigation season 
commencing, that is July 1

st
 in that irrigation year. 

3.5.1 Current and future land use intensity 

The current consented irrigated land percentage is Rakaia-Selwyn ~54%, and the Selwyn-
Waimakariri, ~30%.  Taken together, the mean irrigated land percentage in the catchment is ~44%, 
equivalent to 99 120 ha.  Increase in the consented irrigated land area is possible in that more than as 
much land again is irrigable.  The Canterbury Strategic Water Study (CSWS 2002) stated in its Table 
5-1 that there is 215 679 ha of potentially irrigable land in the Selwyn District, approximately coincident 
with the Te Waihora / Ellesmere catchment.  If such an area was irrigated it would make the 
catchment ~95% irrigated.  This potentially irrigated land in the Te Waihora / Lake Ellesmere 
catchment seems a little high, but doubling the current area of irrigated land is certainly physically 
possible though would be accompanied by adverse water quality effects (Bidwell et al. 2009).   

3.6 What are the effects of alternative allocation regimes? 

Currently, under the PNRRPV1 and subsequently, Variation 4 (PNRRPV4), a combination of two 
separate methods of calculating the groundwater allocation limit have been used.  For the RSGAZ, the 
limit was set at 50% of the rainfall recharge, with no additional recharge from rivers.  For the SWGAZ, 
the appropriate limit was calculated as being less than 50% of the rainfall recharge because of an 
amount related to the mean flows of the Halswell and LII rivers was removed (Gabites and Williams 
2007).  PNRRPV4 sets these allocation limits for the two major groundwater allocation zones that 
make up the catchment. 

Evidence for the allocation limits being set too high is the regular occurrence of river flows breaching 
their minimum flows (e.g. Harts Creek, Selwyn River, Irwell River, Halswell River and LII).  This 
breaching occurs even after the recharge state is at mean levels, if it is followed by a high demand 
year (e.g. 2009-10).  A lower allocation limit would more likely induce a reduction in cumulative effects, 
making the breaching of minimum flows less regular, or for lesser durations (Table 3-1). 

An increase in the allocation limit would do just the opposite, increase the occurrence of low flows and 
lowered groundwater levels. 
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Table 3-1: Duration and severity of low flows in spring-fed streams in the Te Waihora / Lake 
Ellesmere catchment (~ for 2009-2010 data only to end April 2010) 

Waterway 
Current low 
flow (L/s) 

Number of days below low flow and gauged lowest flow (L/s) 

2009-10 2008-9 2007-8 2006-7 2005-6 

Irwell River 300 ~136 (0) 185 (0) 365 (0) 129 (0) 365 (0) 

Halswell River 350 ~0 0 15 (348) 0 78 (282) 

Selwyn River 600 ~135 (246) 133 (267) 224 (59) 0 209 (30) 

Harts Creek 1000 ~85 (869) 55 (921) 168 (651) 0 192 (619) 

LII River 1330 ~37 (1075) 58 (992) 36 (958) 26 (1030) 194 (830) 

 

3.7 What is the right balance of surface water and groundwater 
abstractions? 

In 2002, more than 95% of the total abstractions of water from the Te Waihora / Ellesmere catchment 
were by wells; less than 5% by river takes and diversions from foothills rivers (CSWS 2002).  This 
proportion is likely to have increased because surface water takes are becoming less popular because 
of their poor reliability (Horrell 2006; Gabites 2007).  These data contrast with those for Canterbury as 
a whole, where the ratio is about 75% groundwater to 25% surface water abstraction, mainly from 
foothills and alpine rivers (RER 2008).  

The advantage of taking water from the large groundwater reservoir rather than directly from a surface 
water body is that, for the most part, the effects of taking are distributed over a large area, amongst a 
number of the natural discharge points from the aquifer system.  This is especially true for deep takes 
and those that are distant from the surface water bodies.   The disadvantage of taking water from the 
rivers and streams is that the effect is localised and immediate (and this includes takes that are 
deemed in direct connection with surface water and subject to stream depletion management 
conditions). 

The effects of takes from surface water and groundwater are therefore different, both in timing and 
duration.  They are not different in terms of the total effect averaged over a year or more.  A 
groundwater take, annualised, will cause a similar loss of flow, just distributed over a number of 
streams. 

There is some advantage in not having any surface water takes, only groundwater takes, if the desired 
outcome is to minimise the effects on streams.   

3.8 How significant are abstraction effects for the long term 
sustainability of the groundwater resource? 

Providing there is community acceptance to deepen wells, then reliability of supply of groundwater for 
individuals can be maintained.  Well deepening comes at great cost to all users of the resource, 
including surface water abstractors, and significantly, to the environment.   

While sustainability of the resource in terms of reliability of supply may be maintained, there are other 
measures of sustainability, such as surface water reliability, and ecological health of waterways.  
These cannot be sustained by any means if abstractions are to continue increasing with time, unless 
there is additional recharge to the system, such as managed aquifer recharge (MAR) as described in 
SKM (2009).  Managed aquifer recharge can, to a degree, ameliorate the adverse effects of 
abstraction simply by increasing the recharge to the system and may provide a viable and more 
attractive alternative to restrictions in the annual allocated volume.   

Importation of surface water into a groundwater recharge zone, allowing it to infiltrate into the ground 
is as yet untried and untested on a large scale.  Small-scale attempts near Christchurch (Moore 1992), 
on the Eyre River (PDP 2007), and on the Levels Plains, and the Heretaunga Plains (SKM 2009) have 
been successful in terms of raising groundwater levels but there are issues associated with 
suspended solids in the recharging water during the Eyre River trial.  Note that MAR cannot be 100% 
efficient because not all of the artificial recharge water can be abstracted; some is likely to discharge 
from the aquifer system.  The ease with which MAR could be implemented on a scale sufficient to 
effectively increase recharge in the Te Waihora / Lake Ellesmere catchment has yet to be determined. 
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3.9 How robust is the current understanding of abstraction 
effects? 

Our current understanding of the effects of abstraction has been informed mainly by regular 
monitoring of groundwater levels and surface flows, commonly on a monthly basis, sometimes every 
15 minutes through continuous recorder wells and telemetered surface water sites.  These are robust 
data, that by themselves, can only qualitatively inform the resource manager about abstraction effects.   

Monitoring is the basis for any determination of effects, but there is one fundamental characteristic of 
large-scale aquifer systems ï like a super tanker, they react slowly.  This is an issue because while 
the main cause of the effects is seasonal in nature, effectively switched on and off each irrigation year, 
the full effects do not develop in the same way, and in the meantime, climatic variability has modified 
the environment.  If there was a constant climate signal, then it would be straightforward to determine 
the exact effect from the cause.  As we all appreciate, climate is not a constant, it varies from day to 
day (weather), and from year to year (e.g. El Niño and La Niña cycles), so climatic variability effects 
are always superimposed on the abstraction effects, making them difficult to discern. 

Modelling can help separate out the effects from these two causes.  Three-dimensional numerical 
models take into account climate and abstraction and can, with some computational effort, provide 
estimates on the relative magnitude and spatial distribution of these effects and guidance on how they 
might be managed. 

In a recent series of reports (Williams et al. 2008; and Williams & Gabites 2010) the eigenmodel, 
derived from work undertaken by Bidwell (2003), has been used to separate out the magnitude of 
climatic and abstraction effects.  Eigenmodelling is a powerful spreadsheet tool that has informed 
decision-makers to the extent that the effects resulting from management of abstractions, or the 
addition of new abstractions can be modelled simply.   

Eigenmodelling has not only been a robust tool that has increased our understanding of the nature of 
cause and effect, it can also be used as a means of managing the resource adaptively. 

3.9.1 What are the assumptions used and hypotheses developed? 

Earlier in this section it was stated that abstractions must produce effects somewhere.  This is a valid 
and reasonable assumption acknowledged by international experts at a very early stage in the 
development of hydrogeology, such as Theis (1940) and more recently, by Seward et al. (2006).  The 
hypothesis is simply and strongly based on the conservation of mass. 

3.9.2 What are the observations and facts and how robust are they?  

Monitoring of groundwater levels and stream flows act as the basis for the recognition of the effects of 
abstraction.  To determine the magnitude and timing of natural and abstraction-related effects, a 
quantitative knowledge of rainfall and evapotranspiration is also required.   

Gridded climatic data are developed from daily observations of rainfall and evapotranspiration made 
within and adjacent to the catchment by NIWA

10
.  These observations are then used to calculate 

rainfall recharge according to a method prescribed by Scott (2004).  Modelled recharge data have 
been compared with recharge measured in lysimeters (Clothier et al. 2009).  While the match is 
generally good over long time periods (months, years), daily recharge measured in lysimeters is 
acknowledged to differ slightly from modelling as a result of vadose zone issues.   

Therefore, the data required to measure or model abstraction effects are as robust as the technology 
available and data of this quality have been used for this purpose internationally. 

3.9.3 What predictions are there?  

Modelling of abstraction effects requires predictions of recharge, groundwater level modelling results, 
and water budget calculations.  The modelling uses uncertain data but is a necessary part of the 
hydrogeological method.    

Monitored resource state and climatic data can be used in modelling predictions of groundwater level, 
and surface flows.  The more precise, spatially dense and frequent the monitoring data, the more 
robust the model predictions.  Where monitored flow data are sparse, there is only a moderate 
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relationship between modelled and observed data.  Generally, the patterns of seasonal change seen 
in the modelling and monitoring are very similar although details within individual seasonal troughs 
and peaks in the data and in modelled results show disparities.  These differences relate to some of 
the assumptions made in the modelling, and uncertainties in the data input.   

The presence of uncertainties does not mean that the predictions are of no value, only that care is 
required regarding what is and what is not a reasonable prediction range.   

3.9.4 What is anecdotal evidence or not tested?  

Some information used to establish the effects of abstraction is anecdotal, or untested.  For example, 
two major items have not been measured: sub-coastal discharge flow rate and vertical groundwater 
flow rates in gravel aquifers. 

The sub-coastal discharge flow is assumed from first principles, but estimates of its magnitude are 
highly variable.  Currently, there is no means by which the discharge rate may be measured except 
possibly by large-scale tracer testing, a very expensive method.  It has already been suggested that 
the flow rate is relatively constant providing the piezometric gradient at the coast is constant, and for 
this reason, its magnitude, though large in comparison to the rate of groundwater abstraction, may be 
ignored for water budgetary purposes. 

Vertical rates of groundwater flow, downwards in the upper plains, and upwards in the lower plains 
have not been quantified except by analytical modelling associated with aquifer tests (Hunt and Scott 
2005, 2007).  Although the precise flow rates are not significant to this report, vertical flow provides the 
basis for recharge of deep aquifers and there is independent acknowledgement of vertical flow acting 
to replace groundwater abstracted at depth (Weir 2010).   

While it is not technically feasible to measure the vertical flow through the gravel strata, aquifer tests in 
the catchment show that there is little impediment to vertical flow on the scale of the aquifer system 
(White 2008; Environment Canterbury 2008) and over the time scale of irrigation seasons (Bidwell 
2003; Lough and Williams 2009).   

3.9.5 What are the unknowns or poorly knowns? 

Two major items have been measured, but the uncertainties associated with those measurements are 
large in comparison with the magnitude of the variable: water use and seepage from alpine rivers.  
These variables are thus poorly known.  It is acknowledged that we may never have more than 
estimates of irrigated land area because irrigation is a time-varying practice dependent upon variables 
such as crop-rotation, milk price, degree of uptake of a consent. 

Currently, water usage is reported by a small number of consent holders in the Te Waihora / Lake 
Ellesmere catchment

11
.  As a consequence, most of the usage for modelling purposes has been 

estimated from soil, rainfall and evapotranspiration data (e.g. Williams and Gabites 2010).  Seepage 
from the alpine rivers has already been discussed in this report (Section 2.6). 

Water usage by irrigators has been very rarely monitored in the past and is likely to be better 
documented in the future as a result of one of two processes.  The Restorative Programme for 
Lowland Streams initiated a consent review where the decision (Environment Canterbury 2010a) 
requires consent holders in the RSGAZ with large allocations to install meters by September 2010, 
read them or have them telemeter data to a third party, and report on water usage (Williams et al. 
2008).  The second process is the development of an RMA s360 regulation for the ñMeasurement of 
Water Takesò

12
.  Anticipated gazetting of this regulation in June 2010, will likely mean that water 

meters become mandatory for all consented takes in New Zealand.  

Use of metered water use data is expected to refine the modelling predictions created as indicative 
plots in Williams et al. (2008) and Williams and Gabites (2010) and make resource management more 
efficient and technically defensible. 
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 Preliminary work, comparing actual water use with calculated water demand, using estimates of irrigated area 

data has been problematic.  Annual volumes such as those calculated by WQN9 or the IrricalcÓ alternative, 
cannot yet be verified with monitoring data. 
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 Discussion with John Young, Manager Water Metering, Environment Canterbury, 30

th
 March 2010. 
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3.10 Is intervention necessary to address abstraction effects? 

This part of the report is intended to explain why there is a need to intervene or regulate to address 
the adverse effects of abstractions.  In addition, there is a need to highlight where a precautionary 
approach is advisable, where further investigation may be needed, and whether there alternative 
strategies may be available. 

In a natural aquifer system in which there is no abstraction, groundwater levels rise and fall depending 
upon the rate at which recharge is occurring.  In Canterbury, summer rainfalls are generally insufficient 
to support much recharge to the groundwater system so levels decline as the system discharges; 
winter rainfall is generally more than enough to produce recharge, so levels rise and stream flow 
discharging from the system also rises.  This natural seasonality in levels and discharge is universally 
seen in aquifer systems subject to seasonal changes in rainfall and evapotranspiration. 

The sample of surface water and groundwater time series plots contained in Appendices A and C 
indicate that there are many instances of groundwater levels declining to low levels, especially during 
the irrigation season.  These seasonal declines vary according to the predicted state of the resource 
which has been plotted as the exponential weighted moving mean of rainfall recharge, having adjusted 
it for irrigated area (Appendix B).   

Low groundwater levels are not always problematic in themselves, other than to cause users of 
groundwater additional pumping costs and/or a need to deepen their wells if water levels drop below 
the pump intake.   

Nevertheless, monitoring has shown that low groundwater levels, especially in the coastal area, 
correspond with low natural discharge from the aquifer system represented by the surface flows in 
spring-fed streams.  Low groundwater levels in the inland area, distant from the aquifer system 
discharge, mean that less groundwater is flowing coastwards or infiltrating downwards, so that 
recovery from the low levels developed during the irrigation season takes longer, with the result that 
lower surface discharge from the system lasts longer.  Decline of groundwater levels in deep inland 
wells cause groundwater levels in shallow aquifers to drop because the water at deep levels must, 
ultimately, be sourced from shallow levels.  What really distinguishes deep from shallow well 
abstraction effects is that deep abstraction induces a reduction in discharge that is neither local nor 
seasonal but tends to have been spread out over large areas and over the year as a whole (Lough & 
Williams 2009).  It is for this reason that the cumulative effects of deep and distant abstractions are 
very difficult to discern through the natural noise in the aquifer system. 

Our inability to measure the cumulative effects of deep and distant abstractions directly, on the overall 
groundwater levels and discharge from the system, means that these effects can only be modelled.  
Where they have been modelled, (Williams et al. 2008; Williams & Gabites 2010), the effects of 
abstraction are seen as a gradual and pervasive lowering of groundwater levels, both winter and 
summer, from those that would be expected had no abstraction been occurring.  This lowering of 
groundwater levels is consistent with a lowering of surface water flows that represent the discharge 
from the aquifer system. 

The reports documented as Williams et al. (2008) and Williams & Gabites (2010) both show that there 
are years when the resource state is good (high groundwater levels, higher than average flows), 
corresponding with one or more wet winters occurring with average to wet summers (e.g. 1995-96), 
when the need for water resources is low and restraints on takes is unnecessary.  Nevertheless, there 
are other years, when the resource state is poor, not just in seasons where irrigation demand is high 
(e.g. 2009-10), but at times after a ódryô winter, such as the winters of 2005, 2007 and 2009 that were 
characterised by much lower than average rainfall.  It is highly significant to water resource 
management that most rainfall recharge to groundwater occurs during winter, so failure of winter rains, 
with corresponding high demand early in the irrigation season, is the most likely cause of a drop in the 
resource state.  Modelling has shown that restrictions on takes are required when the resource state 
drops below the long term mean if environmental outcomes are to be achieved.   

For example, modelling of RSGAZ and SWGAZ recharge states at the beginning of the 2009-10 
irrigation year showed that they were at long-term mean levels (Environment Canterbury 2009; 
Williams and Gabites 2010).  By the end of the irrigation season (March 2010), eleven streams in the 
Te Waihora / Lake Ellesmere catchment were below their minimum flows and two areas in the West 
Melton special zone were at 66% restriction.  A conclusion that may be drawn from this is that the 
number and magnitude of consented abstractions are beyond the sustainable limit (allocation limit) 
and restrictions on takes are required.     
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The allocation limit approach currently used by Environment Canterbury has not hindered granting of 
applications, though recent grants have been constrained by conditions that activate a trigger level 
method.   However, the groundwater levels that trigger the onset of restrictions, allow groundwater 
levels and spring-fed stream flows to decline to lower levels than those experienced in the worst 
resource state year of 2005-6. 

3.10.1 Alternative management strategies 

A presumably unpopular alternative to management of the resource to avoid, remedy or mitigate 
adverse effects of abstraction would be to reduce the number of consents and, or the quantum of 
groundwater abstracted by not allowing their renewal (also known as first in, first out).   

Such a mechanism would be less fair to more mature or short-lived consents in that their renewal date 
would arrive more quickly than those that were ólast inô. 

For those consent holders who remain in the allocation pool, their reliability of supply would increase, 
but the process would take a long time to come to completion because most consents in the 
catchment enjoy 35 year durations, with many having over twenty years to run.  A further discussion of 
management options makes up most of the following section.  
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4  Management options to address effects of 

groundwater abstractions  

4.1 Introduction 

Management options designed to address the cumulative effects of groundwater abstractions have 
been extensively reviewed in Williams et al. (2008).  This section revises those options and comments 
made in that review.   

Five broad options are outlined in Table 4-1 (fold-out page) as an initial means of comparing them and 
making general observations about the mechanism relating to efficiency and effectiveness, effects on 
surface flows, promotion of resource sustainability, reliability of supply, and ease of implementation.  
Refer to Williams et al. (2008, Appendix A) for details.  The fourth option is stated as two sub-options, 
making six in all.  

Note that surface water takes and groundwater takes that are highly, or directly hydraulically-
connected to a foothill river are treated as surface water and are dealt with in Environment Canterbury 
(2010b).   

4.2 Scoring of management options 

Table 4-1 outlines matters associated with these four management options that may be used to score 
the options in order to evaluate which one is most appropriate for the Te Waihora / Lake Ellesmere 
catchment.  Issues associated with each option are discussed below and are derived mainly from 
Williams et al. (2008). 

4.2.1 Option 1: NRRP ï Fixed entitlement to water 

Option 1, the status quo, currently has no quantified environmental outcomes, though the NRRP does, 
through Schedule WQN3, allow for these to be developed as part of the management process.  Any 
granting of new consents effectively increases the allocation and thereby increases the potential 
effects.  It is straightforward to implement and there are no special compliance issues.  However, until 
a Schedule WQN3 management mechanism is developed for the Te Waihora / Lake Ellesmere 
catchment, or its constituent groundwater allocation zones, the current allocation limit has not reduced 
the duration and severity of low flows (Table 3-1).  The current approach is hampered by the failure to 
recognise the integrated surface water ï groundwater relationship and the difficulties of demonstrating 
the magnitude of cumulative effects; even if a Schedule WQN3 approach was to be implemented, a 
much lower allocation limit, perhaps 50% lower, would be necessary to reduce the duration and 
severity of low flows.   

The usefulness of this approach is limited by the fact that the resource in the catchment is already 
over-allocated and that fixed allocation does not account for seasonal variability in resource state. 

4.2.2 Option 2: West Melton special zone approach 

Option 2, is one that has various forms.  The West Melton special management zone has a number of 
sub-zones in which groundwater levels are monitored and compared against a series of three triggers.  
Once the first trigger has been passed, large (irrigation) abstractions are cut by one-third.  Breaching 
of the second trigger cuts abstraction by another third, and breaching of the final, lowest trigger, cuts 
abstraction altogether.  This method has been in place for over a decade.  Domestic and stock water 
takes are unaffected by these constraints. 

Straightforward monitoring of compliance with the restrictions on each consent in this special 
management zone requires metering for effective enforcement, otherwise only compliance checks 
made when restrictions are activated would show whether consent holders are compliant.  To my 
knowledge, the method has not produced any measureable environmental outcomes.  In part this is 
because no additional monitoring has been undertaken to determine compliance with the 
management process.  As has been stated elsewhere in this report, monitoring alone cannot 
determine the effect of a specific management mechanism because of the noise associated with other 
variables, such as climate and abstraction.  Indeed, it is doubtful whether monitoring could ever 
achieve this determination given that it is a small zone beside another much larger zone where such 



Groundwater resources in the Te Waihora / Lake Ellesmere catchment: management issues and options 

  

Environment Canterbury Report 27 

constraints on groundwater takes are not occurring except where there is a stream depletion 
condition.   

This method of restriction is really only suitable for small, isolated basins, such as in Otago, South 
Canterbury and Hanmer, and is not now favoured technically for even small parts of the large aquifer 
systems on the Canterbury Plains.  The reason for this comment was discussed in Williams et al. 
(2008), as being due to issues of scale.  Large systems react slowly so that management action 
strongly lags behind cause, and climatic noise swamps the signal.  

A variant of this option is derived from proposals originally made by Davoren (2006) and encapsulated 
in the Rakaia-Selwyn decision (Environment Canterbury 2007b).  Newly-granted consent holders are 
held to restrictions based on water levels set for their wells that relate to levels experienced in the 
2003-4 for abstractions from shallow wells, and the 2005-6 season for deeper abstractions.  If levels 
are lower than these triggers then restrictions apply.  While the proposal had the intention of reducing 
cumulative effects to an acceptable level, it is clear that these triggers would only be breached once 
levels were very low in historical terms; some might say too low from an ecological standpoint.  
Therefore, there has been no environmental gain and there has been considerable room for argument 
over the parameters used to set the triggers which, some say, have been set too low (Williams et al. 
2008).  

4.2.3 Option 3: Integrated management as one resource ï all takes linked to surface 
flow 

This universal stream depletion option has not, to my knowledge, been tried anywhere in New Zealand 
or, indeed, internationally.  This option treats all takes as stream depleters, and would restrict them 
using conditions that relate to stream flows.   

Such a mechanism would be an improvement over the status quo, and the Davoren method, in that all 
consent holders would be required to reduce their takes once a trigger level has been breached.  The 
setting of the trigger level would require some adaptive management to ensure that minimum flows 
were not breached.  In other words, a trigger level would need to be set higher than the minimum flow, 
to ensure that the flow was not substantially breached.  While this is a type of adaptive management, 
with flows and, or groundwater levels can be the management triggers, the method would require 
considerable monitoring data to set robust triggers for each consent holder such as is required for the 
Davoren method.   

Alternatively, setting only one trigger groundwater level or flow for an area is not a robust option 
because localised effects may distort the monitored level or flow, such as resulting from a new or 
hitherto not fully intensified take, and thereby trigger restrictions unnecessarily.   

Though this option has some merit, it fails on compliance and defensibility issues.  It is also reactive 
rather than proactive.  Management occurs only after an effect is developing; it does not pre-empt 
adverse effects.  

4.2.4 Option 4: Integrated management as one resource ï all takes linked to recharge 
and resource state  

Williams et al. (2008) and Williams & Gabites (2010) described this option in detail as a means of 
varying the entitlement to abstract groundwater according to the state of the exponentially weighted 
moving mean of rainfall recharge and the resource in general.  This fourth option meets the 
requirements and criteria for effective and sustainable environmental management of the combined 
groundwater and surface water resources.   

Calculating a seasonally variable allocation for each consent holder is based on rainfall recharge 
estimates that accumulate to provide a measure of the state of the resource.  There is no extra time or 
effort required analysing, reviewing and enforcing allocation compliance, all users are restricted to the 
same degree.   

Consented abstractors have time to adjust to the restrictions by having up to four months lead time 
between the pre-emptive announcement of the restriction and the onset of irrigation.  In this way 
adverse effects are avoided, or at the very least, mitigated. 

The restrictions necessary to bring summer flows in spring-fed streams up to minimum flows are 
substantial, in some ódryô years they could be as much as a 50% reduction in consented allocation. 
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Table 4-1:  Management options for groundwater abstractions 

Option Sub-option Efficiency & effectiveness 
Implications 
for surface 
flows 

Environmental 
sustainability 

Reliability of supply Ease of implementation Comments 

1. Groundwater 
management with 
surface water managed 
separately (NRRP - 
status quo).  

Groundwater allocation 
limit for the catchment 
with no adjustment to 
allocation for temporal 
variability in groundwater 
recharge. 

Environmental outcomes 
hampered by need for allocation 
mechanisms to pass into 
Schedule WQN3. 

Triggers 
breached 

Sustainable once allocation 
mechanism has been 
determined for entry to 
Schedule WQN3. 

Steadily worsening 
reliability of supply as 
long as further 
consents are granted 
and especially if 
existing consents 
become fully utilised. 

Allocation limit straightforward but 
commonly challenged by new 
consent applicants (as written in 
NRRP). 

Management of resource for 
óaverage conditionsô, no 
allowance made for change in 
the state of the resource. 

Stream depletion 
managed as part of the 
surface allocation. 

Stream depletion managed only 
by restraining takes that are 
moderately to directly connected.  
Ignores large body of takes that 
deplete streams at low levels of 
connection avoid restrictions.   

2. Triggered groundwater 
management with surface 
water managed separately 
(Davoren, Otago and West 
Melton methods). 

Groundwater takes are 
required to reduce their 
rate of abstraction when 
trigger levels in 
monitoring wells are 
breached.  

Otago and West Melton methods 
are reactive: so inefficient and 
ineffective because effects occur 
before abstraction is altered.  
Davoren method is more 
proactive but has up to now been 
designed only to avert adverse 
effects when resource state is 
already poor. 

Reactive, so 
trigger levels 
likely to be 
breached 

Better than Option 1 but not 
as good as Options 3 and 4. 

Not designed to 
increase reliability, no 
measure of reliability 
available. 

Straightforward but trigger 
groundwater levels likely to be 
compromised by other users.  
Different trigger levels required for 
each consent holder, costly and 
difficult to police. 

Small part of the West Melton 
zone is managed in this way, 
also examples from Otago. 
Some recently-granted consents 
in the RSGAZ and the SWGAZ 
are managed by means of trigger 
levels (Davoren method). 
Separate management of surface 
water is contrary to integrated 
approach. 

3. Integrated management 
as one resource.  All 
consented groundwater 
takes are managed as 
stream depleting with low, 
medium, high or direct 
hydraulic connectivity.  

Water takes are adjusted 
according to 
groundwater level 
triggers.  

Reactive management so less 
effective and efficient than Option 
4 

Reactive 
management so 
flows likely to be 
breached 

Increased sustainability over 
status quo developed only by 
raising minimum flows and 
tying all consents to flows.  
Better than Option 1 in that 
effects of groundwater 
abstraction on surface flows 
are managed. 

Increased reliability 
for surface water, but 
decreased access to 
groundwater at times 
of poor resource 
state. 

Trigger levels likely to be a source 
of continual legal and technical 
challenge because quantifying very 
low stream depletion rates on the 
large number of streams is 
problematic.  Stream depletion 
commonly needs to be apportioned 
between more than one stream.  

Reactive management of trigger 
levels means that environmental 
outcomes are not as good as 
Option 4 although breaching of 
triggers may occur for less time 
than Options 1 & 2. 

Water takes are adjusted 
according to minimum 
flows in specific streams. 

Water takes are adjusted 
according to both 
groundwater levels and 
minimum flows in 
specific streams. 

4. Integrated management 
as one resource in one 
allocation block.  Adaptive 
management of allocation 
as a groundwater and 
surface water block. 

(a) Plains takes 
managed as 
groundwater. Annual 
allocation based on 
rainfall recharge to 
groundwater.  

Proactive, so can be designed to 
be effective, and is efficient 
because management decisions 
made at beginning of irrigation 
year 

Proactive, so 
can be designed 
and modified to 
sustain flows 

Proactive, so can be 
designed to be fully 
sustainable at whatever 
regime stringency is required. 

Likely to reduce 
reliability for users but 
only when restrictions 
occur, no long term 
drop in reliability. 

Straightforward when data 
available,  monitoring in place, 
each consented allocation a 
function of the resource state. 

Water takes are adjusted 
according to resource state and 
pre-set environmental outcomes 
such as flows in specific streams. 

(b) Takes in foothills and 
valley areas managed as 
surface water takes.  
Annual allocation based 
on rainfall recharge to 
foothill watersheds 
(2010b). 

- - - 

Flexibility to adapt 
groundwater 

entitlement over 
whole or part of a 

season. 

- 
Water takes are adjusted 
according to minimum flows in 
specific streams. 

5. Non-renewal of 
consents 

Some older consents are 
allowed to lapse 

Long period of implementation 
Trigger levels 

breached 
Initially poor Slow improvement Easy but contentious Too slow 

6. Managed aquifer 
recharge 

Surface water recharge 
to upper plains  

Environmental outcomes can be 
modelled 

Low flows 
increased 

Sustainable providing source 
water remains available 

Can be modelled 
Requires infrastructure upgrade & 
construction of infiltration basins 

Complementary use of surface 
water-sourced irrigation water 
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Table 4-2:  Indicator streams and wells (minimum flows from Booker & Graynoth 2008) 

 

Sub-catchment Telemetered indicator stream(s)  Environmental trigger flow (L/s) Indicator wells (* telemetered) 
Indicative environmental trigger levels  
(metres below ground level)  

Trigger date 

Selwyn-Waimakariri 
LII @ Pannetts Road 
Selwyn @ Coes Ford 

1000 (proposed) 
700   (proposed) 

L36/0092 
M36/1926 
L36/0124 

55.0  
58.0 
33.0 

March 1
st
 

Rakaia-Selwyn Harts Creek @ Timberyard Road 1250 (proposed) 
L36/0142 * 
L36/1157 *  

12.5 
95.0  

March 1
st
 

Rakaia riparian sub-
area 

Lee River @ Brooklands 1500 (proposed) L36/1738 20.0 March 1
st
 

 
 

Table 4-3:  Sub-catchments and issues associated with their distinction 

 

Sub-catchments or 
sectors 

Recharge Boundary issues Management response Comments 

Selwyn-Waimakariri 
Rainfall recharge only, 
no contributions from 
foothills rivers. 

Northern and southern boundaries as 
defined in PNRRPV1. 

Adaptive management relating to EWMA of 
rainfall recharge. 

Requires decision regarding minor boundary adjustments 
though these are not likely induce a change in allocation limit. 

Rakaia-Selwyn 
Rainfall recharge only, 
no contributions from 
foothills rivers. 

Southern boundary as recommended 
by Williams (2009a), northern 
boundary as defined in PNRRPV1.  

Adaptive management relating to EWMA of 
rainfall recharge. 

Requires decision regarding minor boundary adjustments 
though these are not likely induce a change in allocation limit. 

Rakaia riparian sub-area 
Rainfall and large input 
from Rakaia River. 

Northern boundary recommended by 
Williams (2009a) as a combination of 
lower terrace and groundwater divide. 

Treat high and direct takes as surface water, 
subject to minimum flow and, for those 
depleting the Rakaia River, subject to surface 
water allocation.   
Treat all other takes as groundwater, subject 
to allocation limit of RSGAZ but with different 
conditions of adaptive management. 

Requires decision on setting the trigger for resource 
management that reflects the óspecialô status of this sub-area 
(Williams 2009a). 

Foothills and 
Banks Peninsula areas 
and associated isolated 
valley gravel areas 

Rainfall only. 
Boundary determined by topographic 
watershed and geological boundary 
with gravel-dominated plains. 

Treat all takes as surface water subject to 
minimum flows and an allocation limit based 
on a proportion of the rainfall incident in the 
watershed. 

May require confirmation of allocation limit based on surface 
flow statistics.  Requires decision on whether one trigger flow 
site is to be used, or if a flow site for each sub-catchment is 
preferable on technical grounds. 
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If Option 4 were to be used in the Te Waihora / Lake Ellesmere catchment then the plains portion of 
the catchment could be divided into four sub-zones based on existing divisions (see also Section 4.5): 

¶ Entire Selwyn-Waimakariri Groundwater Allocation Zone (SWGAZ) other than limited 
areas of valley gravels adjacent to the foothills and Banks Peninsula (Option 4a);  

¶ The Rakaia-Selwyn Groundwater Allocation Zone (RSGAZ), but not including the Rakaia 
riparian sub-area (Option 4a); 

¶ The Rakaia riparian sub-area (RRSA) (Option 4a); 

¶ Foothills and Banks Peninsula sectors and associated isolated valley gravel areas 
adjacent to the foothills and Banks Peninsula (surface water zone, Option 4 b). 

Delineation of the first three of these groundwater sectors is based on their differing responses to 
rainfall recharge.  The fourth zone consists of two sets of individual, isolated surface water zones that 
can be managed according to river flow and described in the companion surface water resource report 
for the catchment (Environment Canterbury 2010b). 

Examination of groundwater level time series plots and corresponding surface water flow records 
indicates a distinction between the two major sectors (RSGAZ & SWGAZ) that are currently discrete 
allocation zones and in this respect there is technical support for maintaining these two zones for 
management purposes.  Nevertheless, I recommend keeping the south-western margin of the 
RSGAZ, the Rakaia riparian sub-area, distinct from the remainder of the RSGAZ for the reasons 
described in Williams (2009a).  In the RRSA, consents for groundwater takes would have slightly 
different adaptive management conditions than those in the main body of the RSGAZ. 

4.2.5 Option 5: Non-renewal of consents 

Non-renewal of consents is a blunt instrument in terms of efficiency and effectiveness as shown in 
Table 4-1.  The reasons for this conclusion are: Option 5 provides no degree of fairness, nor does it 
promote efficient and effective movement towards environmental sustainability.  Environment 
Canterbury records indicate that nearly all wells with groundwater consents attached to them have 
over 5 years to run, 99% will run past 2020, and 87% will run beyond 2030 in the Te Waihora / Lake 
Ellesmere catchment.  Therefore, this option would likely take several decades to come to fruition.  
Furthermore this option would penalise consent holders that have been the first to renew their 
consents after the implementation of the RMA and the Transitional Regional Plan in 1991. 

4.2.6 Option 6: Managed aquifer recharge 

Managed aquifer recharge (SKM 2009) offers a partial to complete solution to the over allocation of 
the groundwater resource.  The importation of surface water and its infiltration into the groundwater 
system can occur during winter at times when surface water flows become available.  The timing of 
infiltration and subsequent creation and relaxation of a groundwater mound means that the stored 
recharge maintains groundwater levels generally with consequent positive effects on the flows in 
spring-fed streams.  A preliminary estimate of the quantum of surface water required to be infiltrated to 
overcome the current over-allocation (~100 GL/year) of groundwater is in the order of 10 m

3
/s during 

the five winter months (~130 GL), allowing only 30 GL to be allocated for environmental benefit.  If that 
30 GL was apportioned across the flows in spring-fed streams, it would amount to an overall annual 
increase in mean flow of less than 1 m

3
/s.   

Modelling is necessary to confirm these estimates and to determine the optimum locations for 
infiltration to promote the most efficient and effective  use of water to achieve the environmental 
outcome.  

4.2.7 Commentary on management approach 

The previous paragraphs in association with Table 4-1 have identified various pros and cons of the 
five management options.   

Analysis undertaken in two technical reports on management of groundwater resources: Williams et 
al. (2008) and Williams & Gabites (2010) shows that a management approach based on recharge 
state and pre-set environmental outcomes is superior to other options.  These two reports showed 
why methods based purely on trigger levels were reactive rather than proactive.  In addition, 
alternative models do not have the capability of predicting outcomes.   



Groundwater resources in the Te Waihora / Lake Ellesmere catchment: management issues and options 

  

Environment Canterbury Report 31 

Option 4 is a mechanism in which modelled environmental outcomes can be verified from monitoring 
results and assessed in terms of efficiency and effectiveness.  Option 4 can be carried out in 
association with Option 6. 

Option 1: status quo would need the catchment to be included in NRRP Schedule WQN3 and, without 
a corresponding adaptive management option would still be reactive in nature and not take climatic 
variability into account. 

Option 2: a purely trigger level-based mechanism is suitable only for small, discrete aquifers.  The 
Davoren version comes with Compliance issues and is burdensome to consent holders.  

Option 3:  a reactive mechanism based on stream depletion whereby consent holders all have 
minimum flow conditions that would be open to challenge. 

Option 5: non-renewal of consents is unlikely to achieve the environmental outcomes desired in a 
reasonable time frame. 

One management option not included in Table 4-1 is the imposition of a moratorium, a mechanism 
whereby no new consents are granted.  This option has been mentioned in a number of documents, 
most recently in s.34 of the Environment Canterbury (Temporary Commissioners and Improved Water 
Management) Bill (2010).  While a moratorium can stop the granting of consents, it does nothing to 
alleviate the environmental effects of those previously granted.  However, it does allow óbreathing 
spaceô for resource management to catch up with extant environmental effects. 

4.3 Management of surface water abstractions 

The surface water and highly-connected groundwater resources associated with the rivers sourced in 
the foothills and Banks Peninsula, and the isolated gravel-filled valleys peripheral to these areas, are 
contained within the fourth management area in the list in Section 4.2.4 are dealt with in the 
companion report (Environment Canterbury 2010b) because they involve allocation of surface water 
resources.  In brief, the management of the groundwater resources highly connected with the adjacent 
rivers are treated as surface water within an area continuous with the surface water catchments.   

The boundary between the groundwater and surface water catchments may be delineated simply by 
estimating the degree of hydraulic connection between the adjacent groundwater and the river.  Those 
areas containing takes that are óhighly or directly connectedô would be treated as surface water, those 
that have ómoderateô or lesser connection, would be treated as groundwater.  Such a scheme is 
already used in the apportioning water takes between the surface water and groundwater resource. 

4.4 Technical information requirements 

The information and raw data required to manage the combined surface water and groundwater in the 
Te Waihora / Lake Ellesmere catchment include the following that is currently gathered under the 
current management regime: 

¶ Groundwater levels in wells regularly monitored by Environment Canterbury; 

¶ Surface flows in streams and rivers regularly monitored by Environment Canterbury; 

¶ Rainfall and evapotranspiration data gathered on our behalf by NIWA and downloaded 
from their website monthly for the determination of recharge estimates. 

The crucial variable for effective modelling is:  

¶ Metered water use data on a monthly basis; 

Without metered water use a more precise water balance is unattainable and modelling of outcomes 
continues to have un-necessary uncertainty. 

The following information is not currently being gathered in the catchment but would enable a more 
precise estimate of recharge: 

¶ Actual irrigated area on a monthly basis (not to be confused with consented irrigated area 
which should always be larger); 

¶ Monthly data relating to land use at the consent holder scale (i.e. dairying, cropping, 
horticulture); 
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In the absence of these data on irrigated land area and land use, the recharge estimates are based on 
two assumptions: that the consented irrigated area is a good but slight over-estimate of the irrigated 
area; and, that grass is the dominant irrigated crop.  These ónice to haveô variables would assist in 
tightening up the modelling of predicted effects.  

The remainder of this section is devoted to itemising the wells and streams required for monitoring of 
the resources and potentially used as trigger sites for levels and flows.  These wells and surface water 
bodies are those hydrologically suitable as serving as environmental indicators in the entire catchment 
and in its sub-zones (Table 4-2).  

4.4.1 Indicator streams  

Indicator streams have been chosen on the basis of the following criteria:  

¶ there are sufficient years of monitoring data that the knowledge base is defensible;  

¶ there are convenient sites at which flow recorders can be or have already been placed;  

¶ that they have stable flows that relate well with groundwater levels in nearby wells; 

¶ they have statutory minimum flows allotted to them, display environmental values that 
need to be protected and which may be readily measured to ensure that environmental 
outcomes are being achieved.  

All the indicator streams (Table 4-2) now have telemetered monitoring of their flows. 

4.4.2 Indicator wells 

Indicator wells have been chosen on the basis of the following criteria and are listed in Table 4-2:  

¶ there are sufficient years of monitoring data that the knowledge base is technically 
defensible;  

¶ there are convenient sites at which level recorders can be or have already been placed; 

¶ they have stable recession and recovery patterns undistorted by significant drawdown 
caused by nearby abstractions;  

¶ relate well with flows in nearby streams where applicable;  

¶ relate well with recharge modelling.  

Two of the indicator wells (Table 4-2) already have actual telemetered monitoring of their levels.  The 
four other wells will, ideally, require telemetered monitoring. 

4.5 Environmental óbottom linesô 

In Section 4.4.1, it was stated that indicator streams are likely to be chosen that have statutory 
minimum flows allotted to them, display environmental values that need to be protected and which 
may be readily measured to ensure that environmental outcomes are being achieved.  For the 
purposes of this report, in order to compare indicative management purposes, it is necessary to know 
what the environmental bottom lines are, for example, those scenarios listed in 
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Table 4-4.  In the absence of statutory bottom lines, a number of options are here proposed for 
comparative purposes in 
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Table 4-4. 

The relative position of the six options are in a logical sequence in which the flows or their durations 
become lower and longer respectively, as shown in Table 3-1.  It is useful to compare the targets in 
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Table 4-4 with the statistics in Table 3-1.  It has been assumed for the purposes of this report that the 
decreasing flows and longer periods of low flows would correspond with higher economic gain.  
Currently, these options have not been modelled but they can be once there is a representative 
sample of robust water use data available.  
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Table 4-4: Examples of environmental bottom line scenarios (Options 1 through 6 become 
progressively less restrictive) 

Option Target 
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Comments 

1 
Minimum flow + 10% at all 
times (e.g. 110% of minimum 
flow) 

Most onerous of management scenarios, 
maintaining more than minimum flows, highly 
reduced availability of supply, most environmental 
gain, most economic constraint 

2 Minimum flow at all times 
Onerous management scenario, maintaining 
minimum flows at all times, reduced availability of 
supply, strong environmental gain 

3 
Minimum flow for all but 30 
days per irrigation season 

Modest environmental gain, reduced availability of 
access to water 

4 
Minimum flow for all but 60 
days per irrigation season 

Slight environmental gain, probable reduced 
availability of access to water 

5 
Flow drops to 75% of 
minimum flow for 60 days 

Little environmental gain over the status quo 

6 
Flow drops to 50% of 
minimum flow for 60 days 

No environmental gain over the status quo, no 
economic constraint 

 
Eigenmodelling, using this range of potential environmental bottom line targets will likely confirm that 
the options are in the correct order insofar as the relative environmental protection is concerned.    

Robust eigenmodelling requires good knowledge of the water use component of the water budget.  If 
only the relative stringency of these environmental targets is required, then future eigenmodelling can 
inform this process by predicting an indicative reliability of supply and provide sufficient predictions to 
indicate whether the environmental outcome is likely to be achieved. 

4.6 Choice of sub-catchments or zones 

In Section 4.2.4 I identified portions of the catchment that are subject to different issues, recharge 
rates or management responses and boundaries (Table 4-3).   

¶ Entire Selwyn-Waimakariri Groundwater Allocation Zone (SWGAZ) other than limited 
areas of valley gravels adjacent to the foothills and Banks Peninsula where degree of 
hydraulic connection is less than high;  

¶ Foothills and Banks Peninsula area and associated isolated valley gravel areas adjacent 
to the foothills and Banks Peninsula where groundwater is effectively highly hydraulically-
connected surface water; 

¶ The Rakaia-Selwyn Groundwater Allocation Zone, but not including the Rakaia riparian 
sub-area (RSGAZ), and not including other limited areas of valley gravels adjacent to the 
foothills and Banks Peninsula where degree of hydraulic connection is less than high; 

¶ The Rakaia riparian sub-area (RRSA). 

These four areas are already being managed separately to varying degrees, see Table 4-3 for details 
of issues associated with each of these areas. 

4.7 Te Waihora/ Lake Ellesmere catchment allocation limit 

Currently there is no specified groundwater allocation limit for the Te Waihora / Lake Ellesmere 
catchment because it is composed of two major groundwater allocation zones, each of which has a 
limit.  The catchment allocation limit determined from the sum of the RSGAZ and SWGAZ as notified 
in Variation 4 PNRRP is still relevant and accurate and it need not be reviewed because no new 
information has been developed that would initiate such a revision.  The possible mild re-alignment of 
groundwater allocation zone boundaries is unlikely to initiate a revision of the allocation limit because 
the changes are less than 1%. 
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4.7.1 Methodology for calculating groundwater recharge 

The calculation of groundwater recharge for the purposes of the groundwater allocation limit has not 
changed since the memorandum written by Gabites and Williams (2007) which underpinned the limit 
as set in Variation 4 of the PNRRP.  The calculation of rainfall recharge has taken into account the 
change in the proportion of irrigated land in the catchment.  Increasing the irrigated land component 
serves to increase the total recharge derived from rainfall.   

Given the significance of actual irrigated area and irrigation procedure to the amount of rainfall 
recharge, any future increase in the allocation limit could be based on actual irrigated area data 
provided by each consent holder in the catchment. 

4.8 Metering needs for groundwater and surface water takes 

Metering of all groundwater and surface water takes is a fundamental requirement ensuring efficient 
use of allocated water as per PNRRPV1: Schedule WQN9 or any subsequent method of providing an 
estimate of reasonable use.  The following comments may be made about inefficient water use: 

¶ it financially penalises the user through un-necessary pumping costs; 

¶ it moves groundwater around the system that may be to the detriment of other users by 
inducing larger drawdowns than are necessary;  

¶ it removes more surface water from the waterway that may be to the detriment of other 
users by inducing larger changes in flow so that trigger levels are breached earlier; and 

¶ while it may very locally induce higher groundwater levels in the uppermost strata, these 
are negated by increased drawdown at depth that induces vertical flow over a large area, 
which in turn produce extensive declines in the groundwater level in the uppermost strata 
(Lough and Williams 2009).   

Metering of all takes, providing there is accompanying irrigated area data also: 

¶ enables more sensitive and responsive management techniques; 

¶ allows surface water and groundwater users to determine their water use efficiency; 

¶ provides another stream of data to compare with rainfall and evapotranspiration data to 
verify the modelling of adaptive management as per Williams et al. (2008) and Williams & 
Gabites (2010), expediting the achievement of environmental outcomes. 

Data on the sum and general distribution of irrigated land area has been determined from the RMA 
Database but little information in a useable GIS format has been available on the actual distribution of 
the consented irrigated area for each user.  It would be helpful to have GIS óshape filesô describing the 
actual location and distribution of irrigation, for each groundwater consent, similar to that produced in 
the Thorley et al. (2009) report.  These shape files could then be compared against irrigated areas 
determined from satellite imagery.   

Without clear information on who (a consent holder) is doing what land use on which area, there is a 
lack of crucial information about the relationship between measured water use, crops grown, and 
rainfall recharge.  When water usage data is compared with irrigated land area the Council can 
determine efficiency of use and provide a robust relationship between use and rainfall recharge.  This 
final point is critical to not only verify the model inputs but to produce more robust predictions in future 
years. 

4.8.1 Comparison between estimated and actual demand 

In the absence of universal metering of groundwater and surface water use, estimates of this use can 
be determined from the rainfall recharge signal as described in Williams and Gabites (2010).  Partial 
verification of these estimates can be undertaken by obtaining metered water use for large farms and 
comparing the monthly signal with that determined using the soil moisture deficit signal.  Preliminary 
work suggests that the irrigated area and land use information is not accurate, so that actual thickness 
of water applied is much less than that predicted from the recharge signal.  Once irrigated area has 
been confirmed for any user, predicted and actual water use may be compared in order to determine 
whether the overall allocation limit is accurate and whether it is in need of revision. 
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4.9 Ongoing and future investigations and reviews 

During the production of this report, additional information is being generated, some of which may be 
critical to improving our understanding of the catchment.  For example, the effects of water 
abstractions and management options, involving continued monitoring of indicator streams, 
groundwater levels in specified wells and lysimeter data, improved monitoring of rainfall and soil 
moisture by consent holders, all used to confirm recharge calculations.  Much of this accumulation of 
data is ongoing or its collection is being planned to be implemented in the near future. 

Associated with any adaptive management option is the need for continued monitoring and adaptation 
of the mechanism in order to achieve the environmental outcomes.  With the initial implementation of 
adaptive management, close monitoring of flows and levels, in association with climatic and water use 
data would be needed to inform any modelling of outcomes and determine success.  If success is not 
achieved, then the mechanism, being adaptive, can be changed one way or the other. 
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Appendix A: Updated groundwater levels  

This appendix contains time series for thirty wells of the over sixty that are monitored monthly, or more 
frequently.  These wells are those identified as being typical of their region or depth and provide 
information about the state of the resource and its seasonal and long-term behaviour.  

The two major groundwater allocation zones that comprise most of the Te Waihora / Lake Ellesmere 
catchment, RSGAZ and SWGAZ, are shown on (Figure A-1) together with the blue shaded Te 
Waihora / Lake Ellesmere catchment.  Groundwater data contained in this appendix are shown on this 
map and are listed here in alphanumeric order. Physical and location details of the thirty wells used to 
provide this documentation of the state of the resource and its relationship with the time series of 
rainfall recharge are in Table A-1.  

Physical and location details of the thirty wells used to provide this documentation of the state of the 
resource and its relationship with the time series of rainfall recharge are 

A number of wells have no screen information recorded but in most, if not all instances, the screen 
depth may be inferred from the drillerôs log to be located at the base of the well in Table A-1. 

 

 

Figure A-1: Monitoring wells and their depths in the Rakaia-Selwyn and Selwyn-Waimakariri 
groundwater allocation zones 

 














































