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Executive Summary

This report, prepared by Pattle Delamore Partners Limited and Land Water People (Brydon Hughes)
for Environment Southland, documents the methodology and parameters used to calculate stream
depletion effects in the Mataura catchment above Gore.

This report provides the technical background for the aquifer parameters that have been developed
to represent stream depletion effects in the Mataura catchment above Gore. As discussed in Section 2
of this report, the stream depletion calculations based on these parameters are not an exact
representation of the actual effect that groundwater takes have on flows in the Mataura River,
however, they provide a set of estimates that can be used for management purposes.

If new takes are developed in the areas discussed in this report, their stream depletion effects should
be calculated based on the parameters outlined in this report and supported by a pumping test to
define well interference effects and to demonstrate the yield of the bore. A significant parameter with
respect to stream depletion is often the stream bed conductance value and a set of values have been
derived for different streams across the catchment that are consistent with observed data from
fieldwork and should be applied consistently to bores in each of the areas.

It will be important that changes are not made to these parameters because this may result in a
requirement to recalculate the overall effect of groundwater takes on the protected waters under the
Mataura Water Conservation Order above Gore.
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1. Introduction

Pattle Delamore Partners Limited and Land Water People (Brydon Hughes) have been engaged by
Environment Southland to prepare this report regarding stream depletion in the Mataura catchment
above Gore.

Under the Mataura Water Conservation Order (MWCO) no more than 5% of the flow in the river above
Gore can be taken by abstractions, including both surface water takes as well as stream depleting
groundwater takes. This report documents the following:

° comments on the rationale of stream depletion calculations;

. the work undertaken to determine the parameters used in the equations to estimate stream
depletion;

. the methodology by which those parameters are applied;

° how the methodology was applied to ensure stream depletion effects are within the limits set
by the MWCO.

The technical methodology set out in this report represents the agreed approach between PDP (as the
technical representatives for ES), ES and Land Water People as the technical representative for consent
holders who affect Mataura River flows upstream of Gore.

A map showing the location of the protected waters identified in the MWCO is presented in Figure 1.
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Figure 1: Mataura River Water Conservation Order protected waters catchment
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When groundwater is abstracted from a bore, it causes a lowering of groundwater levels in the strata
surrounding the bore (referred to as drawdown) and a decrease in the amount of water in surface
waterbodies that are hydraulically connected to the groundwater system. This effect on surface
waterways is referred to as “surface water depletion”, or “stream depletion” where it causes a loss of
flow in streams or rivers. The magnitude of the stream depletion effect depends on the rate of
groundwater abstraction and the hydraulic parameters that determine the transmission of
groundwater pressures through the subsurface strata and through the stream bed. The magnitude of
stream depletion effects typically increases the longer that pumping continues.

Analytical equations and numerical models can be used to estimate the magnitude of the stream
depletion effect at any particular time in a groundwater pumping cycle. However, due to the
heterogeneous nature of the groundwater system, such calculations are always a gross approximation
of what will actually be occurring and judgements are required to determine the parameters that must
be used in the calculations to quantify the stream depletion effect. It is also important to recognise
that the assumptions within the analytical models may not always be perfectly met, particularly with
regards to the location and geometry of the stream to be assessed.

The methods for quantifying stream depletion are incorporated into Appendix L2 of the proposed
Southland Water and Land Plan (pSWLP). This includes Table L2 which defines differing categories of
stream depletion effects and how they will be managed. In particular, depending on the scale of
stream depletion effect over a 7-day and 90-day pumping period, part, or all, of the stream depletion
effect is managed by inclusion in the surface water management regime, which for the Mataura River
is determined by the MWCO. However, because of the various calculation methods and the need to
estimate aquifer parameters there can be significant variability in the quantification of stream
depletion effects for different bore locations and for the same bore, when calculations have been
undertaken by different people at different times. This variability is a reflection of the range of
estimates that can be made to carry out a stream depletion estimate. Such variability is not useful
when it comes to managing water resources.

The review of all stream depletion effects on protected waters in the area covered by the Mataura
River Water Conservation Order, upstream of Gore, initiated by Environment Southland (ES) over the
last few years, has provided an opportunity to review the historical stream depletion assessments and
implement a more consistent evaluation methodology within this area. The purpose of this report is
to set out this methodology, which represents an expert judgement on the currently available
hydrogeologic information. Whilst there can always be ongoing debate about which parameters
should be used in the calculations, it is unhelpful to continually change the parameters and/or
calculation methods. Such continual change creates inconsistency between consent holders and
ongoing variability in the allocation status of the water resource.

In the interests of pragmatic water resources management it has been determined by ES, in
consultation with a representative group of consent holders, to establish a consistent basis for
calculating stream depletion effects in accordance with the approach set out in the pSWLP. To avoid
ongoing debate about individual stream depletion calculations it should be recognised that this
approach is being taken to provide a framework for classifying the bores so as to manage stream
depletion effects, rather than necessarily being the most accurate assessment of actual effects that
may be occurring at any particular time, which will in fact be highly variable from year-to-year
depending on the pumping durations that are actually undertaken.
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This report has been prepared to set out that consistent definition of parameters and calculation
methods to be used throughout the catchments of the MWCO protected waters upstream of Gore. In

so doing it provides a basis for consistent calculation of steam depletion effects and more streamlined
management of the water resource.
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2. Management of Flow Allocation under the Water Conservation Order
(Mataura River) 1997

2.1 Background

In 1984, a group comprising local and national Acclimatisation Societies applied for a National Water
Conservation Order in respect of the Mataura River. The application was made under the Water and
Soil Conservation Act 1967 to protect the “outstanding fisheries and angling amenity features” of the
Mataura River catchment.

Following a Planning Tribunal hearing in early 1990, a formal recommendation for the granting of the
Order (subsequently referred to as the MWCO) was made to the Minister for the Environment in
May 1990. Following this recommendation the MWCO was formally gazetted in July 1997. In its final
form the MWCO contains specific provisions relating to:

° flow allocation;
° prohibition of damming in the main stems of the Mataura and Waikaia Rivers;
° certain discharges to the protected waters.

The MWCO applies to those areas of the catchment which are defined under Clause 2 as comprising
‘protected waters’. These areas are:

a) The Mataura River from its source (approximate map reference NZMS 260
E42:502333) to its confluence with the sea (approximate map reference NZMS 260
F47:877946); and

b) The Waikaia River and its tributaries, the Otamita Stream, and all other tributaries
of the Mataura River upstream of its confluence with the Otamita Stream
(approximate map reference NZMS 260 F45:881582); and

¢) The Mimihau Stream and the Mokoreta River and each of their tributaries.

With respect to flow allocation, Section 4 of the MWCO effectively divides the catchment into two
separate parts. Upstream of the Mataura Island Road Bridge subclause 4(2) specifies that:

The minimum flow at any point in the Mataura River and the Waikaia River above the
Mataura Island Road Bridge, where flow is estimated by the Southland Regional Council
from measurements taken at that point, must be 95% of —

a) The flow so estimated by the Southland Regional Council at that point; plus

b) Water taken in accordance with the act from the protected waters upstream of
that point and not returned to the protected waters less authorised inflows
upstream of that point which did not have their source in the protected waters.

Similar provisions apply to the Mataura catchment downstream of the Mataura Island Road Bridge
except flow is required to be maintained above 90 percent of the naturalised flow through this reach.
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2.2 Management of Hydraulically Connected Groundwater in the Mataura Catchment

The application for the MWCO was initially lodged in 1984. At this time, although data was available
to describe the hydrology of the Mataura River catchment, knowledge and appreciation of the role of
groundwater in catchment hydrology was limited. Consequently, the specific wording of the MWCO
provides little guidance on the management of the effects of cumulative groundwater abstraction on
surface water flows.

2.2.1. Proposed Southland Land and Water Plan Stream Depletion Policies

While the MWCO itself contains little direction regarding management of hydraulically connected
groundwater abstraction, provisions of the Proposed Southland Land and Water Regional Plan
(pSWLP) link the effects of groundwater abstraction (i.e., water taken from outside the ‘protected
waters’) to the flow allocation specified under the MWCO®.

Appendix L.2 of the pSWLP details a methodology for the assessment and management of stream
depletion effects. This methodology establishes a classification system for groundwater takes based
on their assessed hydraulic connection to nearby surface waterways, with different classes of hydraulic
connection managed differently, both in terms of the division of allocation between surface and
groundwater and the application of pumping restrictions (i.e., minimum flow cut-offs).

The following provides an outline of the definition and proposed management controls for each
hydraulic connection category specified in Appendix L.2:

. Direct (or riparian): Abstraction from takes with a Direct hydraulic connection has an immediate
effect on adjacent waterways which is similar to the rate of pumping. Takes classified as having
a Direct hydraulic connection (or classified as ‘riparian’) are managed as an equivalent surface
water take (i.e., the maximum authorised rate of abstraction is included in the allocation for
relevant surface waterways and the take is subject to minimum flow restrictions equivalent to
those for surface water abstraction).

. High: Stream depletion effects from takes with a High hydraulic connection develop and
dissipate relatively rapidly in response to changes in abstraction rate and exceed 60% of the
assessed pumping rate towards the end of the pumping period. Calculated stream depletion
effects are included in surface water allocation for relevant surface waterways (with the balance
assigned to groundwater allocation) and the take is subject to minimum flow restrictions
equivalent to those that would be applied to an equivalent surface water take.

. Moderate: Stream depletion effects from takes classified as having a Moderate hydraulic
connection develop and dissipate relatively slowly but, over time, may reach a significant
proportion (30 to 60%) of the assessed pumping rate. Appendix L.2 does not require that
moderate takes are subject to minimum flow restrictions, but several have had minimum flow
restrictions imposed through resource consent conditions. The calculated stream depletion
effect is counted as part of allocation for relevant surface waterway(s), with the balance
assigned to groundwater allocation.

1 It is noted that the Regional Water Plan for Southland (RWP) contains similar (although not identical) policies for
management of streamflow depletion effects resulting from groundwater abstraction. While the pSWLP is not yet fully
operational, this assessment has adopted the pSWLP methodology for assessing stream depletion effects, rather than the
methodology contained in the RWP.
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. Low: Stream depletion effects develop and dissipate slowly and are of limited magnitude
(<30% of the assessed pumping rate). Takes with a low hydraulic connection are not subject to
minimum flow restriction and the abstraction is managed as groundwater allocation only,
provided maximum calculated stream depletion effect is less than 5 L/s (if >5 L/s, the take
defaults to the Moderate classification).

While technical assessment of stream depletion effects in the Mataura catchment is undertaken using
the pSWLP methodology (detailed in Sections 4 to 6 of this report), application of this methodology to
estimate cumulative water allocation is subject to a range of assumptions required to implement both
the pSWLP methodology and achieve the overall ‘intent’ of the MWCO flow allocation provisions. Key
assumptions utilised for the assessment of stream depletion under the MWCO are documented in the
following section.

2.2.2. Reference River Flows

The MWCO specifies that the minimum rate of flow in the Mataura River upstream of the Mataura
Island Bridge must be maintained “at any point....where the flow is estimated by the Southland
Regional Council from measurements taken at that point”.

Cumulative effects of groundwater and surface water abstraction in the middle and upper reaches of
the Mataura catchment are referenced with respect to flow measured at the Environment Southland
Mataura River at Gore flow recorder site. Allocation in the mid to lower reaches of the catchment is
referenced with respect to discharge measured at the Mataura River at Seawards Downs flow
recorder. While, due to natural flow gains and losses through the catchment, rates of flow in specific
reaches of the Mataura River may locally fall below the minimum rate of flow specified in the MWCO,
compliance with MWCO provisions is only assessed relative to the nominated flow recorder sites. This
approach was supported in a 2005 Environment Court judgement?.

Reference river flows are assessed in terms of mean daily discharge® (rather than instantaneous flow)
at the nominated monitoring sites. Utilisation of mean daily discharge eliminates effects of diurnal
flow variability due to evapotranspiration within the catchment during the summer months and
provides an allowance for travel time to allow effects of upstream abstraction to manifest at
downstream reference flow sites.

Minimum flow conditions specified on resource consent conditions for individual water permits in the
upper reaches of the Mataura catchment are referenced to flows at Parawa with respect to equivalent
flows at Gore (for the purposes of assessing cumulative allocation) using a correlation established
between the ES Mataura River at Parawa and Mataura River at Gore flow recorder sites.

2 Morfield Farms Limited and Wilkins Farming Limited vs Southland Regional Council C/54/2005
3 Calculated as the average of the instantaneous measurements for each day.
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2.2.3. Naturalised River Flow

Clauses 4(2) and 4(3) of the MWCO require that flow is maintained above nominated thresholds
comprising:

(a)  The flow so estimated by the Southland Regional Council......, plus

(b)  Water taken in accordance with the Act from the protected waters upstream of
that point and not returned to the protected waters.

Consequently, for the purposes of assessing compliance with the MWCO, measured river flows must
be naturalised to allow for water which is taken upstream of the measurement point. Application of
this provision to assessing cumulative allocation is further discussed in Section 2.2.4 below.

2.2.4. Location of Takes included within the Scope of the MWCO Flow Allocation

As detailed in Section 3.1, Clause 2 of the MWCO defines the extent of the ‘protected waters’ to which
the WCO provisions apply. This definition distinguishes areas upstream of the Otamita Stream
confluence, where both the main stem of the Mataura and Waikaia rivers plus all other tributaries
form the protected waters from areas downstream of this point where only main stem of the
Mataura River (plus the Mimihau Stream, Mokoreta River and associated tributaries) are covered by
the MWCO provisions.

Application of this clause means that all surface water and hydraulically connected groundwater takes
from (or affecting) any waterway (tributary or main stem) upstream of Otamita Stream are included
in the cumulative allocation calculated under the MWCO. However, downstream of the
Otamita Stream confluence, only those takes directly from or affecting the main stem of the
Mataura River, or within the Mimihau Stream and Mokoreta River catchments, are included in the
cumulative allocation. Consequently, takes from (or affecting) waterways such as the Waikaka Stream
are excluded from calculation of cumulative allocation under the MWCO.

2.2.5. Application of Proportional Flow Allocation

The MWCO establishes flow allocation as a set percentage of naturalised river flow. This means
available allocation increases in direct proportion to river flow. However, practical implementation of
such a proportional allocation is problematic given the finite size of individual water takes and the
cumulative effects of multiple takes operating within the catchment.

To operationalise the MWCO proportional flow allocation, ES adopted an allocation scheme
comprising two component parts:

1. an allocation of 367.5 L/s at the Gore flow recorder which is not subject to any minimum flow
controls. This allocation volume is based on 5 percent of a flow of 7 m3/sec which is effectively
the lowest river flow recorded since monitoring commenced in 1977 (allowing for flow
naturalisation);

2. a series of minimum flow cut-off ‘bands’ increasing sequentially by 2 m3/s above the 7 m3/s
unrestricted threshold. Each flow band represents an additional 100 L/s of allowable allocation
from the river (i.e., 5 percent of an additional 2m3/s additional flow).
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Figure 2 below illustrates the application of sequentially increasing minimum flow cut-offs intended
to maintain compliance with the MWCO flow allocation.
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Figure 2: Allocation Scheme utilised to achieve compliance with MWCO Flow Allocation

In its original application, the calculated effect on river flow determined for each individual surface
water and hydraulically connected groundwater take was initially assigned to the unrestricted flow
band. Once this volume (367.5 L/s) was fully allocated, subsequent consents were assigned to the
9 m3/s flow band until an additional 100 L/s was allocated (representing cumulative allocation of
472.5 L/s). Subsequent water permits were then assigned to sequentially high flow bands as allocation
increased. However, in practice this process became somewhat complicated by application of
arbitrary minimum flow cut-offs to individual consents through the resource consent process.

In 2018, a review by ES highlighted that the methodology utilised for calculating cumulative allocation
under the MWCO was inconsistent with provisions of the pSWLP (and the RWP which proceeded it).
This situation arose because multiple consents assessed as having a Moderate hydraulic connection
(and therefore not subject to minimum flows under the pSWLP methodology) had been assigned to
flow allocation bands at 9 m3/s or lower* (because no specific allocation was reserved for groundwater
takes not subject to minimum flow restriction and instead was assigned on the order they were
granted). This created a situation whereby effects of unrestricted groundwater takes would continue
despite river flow falling below the minimum for the flow band to which individual consents were
assigned, thus resulting in a theoretical exceedance of the MWCO flow allocation.

To rectify this situation, calculation of cumulative allocation was modified to include all Moderate
groundwater takes within the unrestricted flow band (apart from those where minimum flows were
applied to the consents). Given the unrestricted band was effectively fully allocated prior to this
change, this re-ordering of consents resulted in over-allocation of the unrestricted, 9 m?, 11 m3 and
13 m3? flow bands, necessitating the current review to ensure compliance with the MWCO flow
allocation provisions.

4 Because there was no specific allocation reserved for takes not subject to minimum flow controls, this would have created
a situation whereby resource consents for groundwater takes classified as having a Moderate hydraulic connection would
not have been able to be granted, while those having a High or Direct connection (despite having a more direct effect on
river flows) could have been.
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2.2.6. Stock Water and Domestic (‘Permitted’) Takes

Clauses 4(2) and 4(3) of the MWCO establish a framework for managing consumptive allocation from
the protected waters. These clauses refer to “Water taken in accordance with the Act”. This phrase is
interpreted to include:

° water taken under s.14(3)(b) of the RMA for reasonable domestic and stock water drinking
water use;

. water taken as a permitted activity in accordance with the pSWLP or RWP;

. water takes authorised by water permits granted by ES under either plan.

The Council cannot authorise water takes in excess of the MWCO limit, either by granting a water
permit or through provisions in a regional plan.

The pSWLP is clear that all water takes that are not permitted must comply with the allocation regime
in the MWCO. Rule 49 of the pSWLP provides for water to be taken as a permitted activity within
specified limits, with a water permit required where these limits are exceeded. Consideration of the
allocation framework in Appendix K (of the pSWLP) is a condition for water permits considered under
Rule 49(c) (discretionary activity) and 49(d) (non-complying activity) of the pSWLP.

Appendix K specifies that the primary allocation regime for a river subject to a Water Conservation
Order that specifies an environmental flow and level regime, will be that specified in the Order.
The policy guidance in the pSWLP and Appendix K are clear that any resource consent granted as a
non-complying activity under Rule 49(d) must not be contrary to the MWCO.

ES has interpreted the exceptions in clauses 5(2) and 8 of the MWCO as being from the restriction on
authorising takes, and not from the allocation framework itself. In other words, such takes can be
authorised outside of the MWCO allocation limits but should be accounted for in the allocation
framework. Accordingly, an allocation for permitted activities is included in the cumulative allocation
calculated under the MWCO.

2.2.7. Effects of Groundwater Abstraction on Intermittent Streams
Intermittent rivers and streams are defined in the pSWLP as those which do not:
“....contain permanently flowing or standing water and where the bed is predominantly
devoid of terrestrial vegetation and comprises sand, gravel, boulders, or similar material
or aquatic vegetation.”
Notwithstanding this somewhat ambiguous definition (many streams which meet this hydrological

classification contain terrestrial vegetative cover), assessment of stream depletion in intermittently
flowing waterways is problematic given the potential absence of flow during seasonally dry periods.
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The introduction to Appendix L.2 of the pSWLP specifies that:

“...stream depletion effects due to groundwater abstraction should not result in a
more than minor effect on the frequency, extent and duration of flow loss in
intermittent waterbodies”

For the purposes of this review, stream depletion in waterways satisfying the hydrological component
(if not the vegetative requirement) of the pSWLP definition of an intermittent waterway were assessed
at the point of permanent flow nearest to the location of groundwater abstraction. Considerations
such as the effect of abstraction on the frequency, extent and duration of flow loss were outside the
scope of this review and are matters for consideration during water permit applications for individual
groundwater takes.

2.2.8. Exclusion of Takes classified as having a Low Hydraulic Connection from Calculation of
Cumulative Allocation

Under pSWLP Appendix L.2, takes classified as having a Low degree of hydraulic connection to surface
water are counted solely as groundwater allocation and any resulting stream depletion effects (<5 L/s
based on the pSWLP definition) are excluded from calculation of cumulative surface water allocation.
While this appears somewhat inconsistent with inclusion of s.14(3)(b) and pSWLP permitted takes in
the surface water allocation, it reflects legal interpretation of both the MWCO and pSWLP provisions
provided to ES.

Reducing calculated stream depletion effects below 5 L/s (for takes otherwise classified as having a
Low hydraulic connection) by reducing the seasonal volume for individual water permits is a method
utilised in the current review to remove several consents from consideration in the MWCO cumulative
allocation, thus helping to reduce over-allocation (given these consents would otherwise be counted
as part of the unrestricted allocation).

2.2.9. Non-consumptive Allocation
Clauses 4(2)(b) and 4(3)(c) of the MWCO requires assessment of flow allocation to take account of:

“...water taken in accordance with the Act from the protected waters upstream of that
point and not returned to the protected waters”

The intent of this provision is interpreted to require the non-consumptive component of abstraction
to be taken into account when assessing cumulative flow allocation®.

Following this interpretation, non-consumptive takes (such as those for gravel washing) are excluded
from calculation of cumulative allocation as water taken from the river is returned at effectively the
same location with minimal time delay.

Most of the consumptive water use in the Mataura catchment is for irrigation. While on an annualised
basis only around 40 percent® of water utilised for irrigation represents a net loss from the catchment
(via evapotranspiration), there is significant delay between the taking of water from the river (either
via direct abstraction or stream depletion) and its return to the river or underlying aquifers due to the
effects of soil moisture storage. However, it is reasonable to assume that a minor proportion of water
utilised for irrigation will be returned to the underlying groundwater resource over a short timeframe

5 See for example, p46 of the WCO decision
6 Lincoln Environmental (2004) Mataura Catchment Strategic Water Study.
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due to irrigation efficiency. Therefore, to account for irrigation efficiency, calculation of stream flow
depletion for irrigation takes under the MWCO assumes 90 percent efficiency, which allows for minor
recharge of underlying groundwater resource around the centroid of the irrigated area. This results in
a minor decrease in the calculated rate of stream depletion compared to takes (such as industrial,
municipal or stock water schemes) which are assumed to be 100 percent efficient.

2.2.10. Discharge of Water Sourced outside the Protected Waters
Both MWCO clause 4(b)(2) and 4(c)(2) specify that calculation of cumulative allocation account for:

“...authorised inflows upstream of that point which did not have their source in the
protected waters”

Such inflows effectively act to offset consumptive abstraction elsewhere in the catchment.
Notwithstanding that groundwater is excluded from the definition of protected waters (i.e. is not
sourced from the protected waters) and makes a significant contribution to cumulative discharge in
the Mataura catchment (i.e. it comprises an authorised inflow’), this provision is interpreted as
applying to discharges within the Mataura catchment authorised by resource consent which are not
sourced from elsewhere within the protected waters (i.e., non-consumptive takes). For this review
there are no authorised inflows incorporated into calculation of cumulative allocation.

2.2.11. Use of Standardised Parameters for Assessment of Stream Depletion

Analytical methodologies utilised to calculate potential stream depletion effects require assignment
of values to various parameters describing the hydrogeological environment (e.g., aquifer
transmissivity, specific storage and streambed conductance). However, due to the heterogenous
nature of alluvial materials, these properties can vary significantly (by orders of magnitude) both
spatially and with depth across an aquifer system. Consequently, estimates of aquifer hydraulic
properties, for example obtained from hydraulic testing of an individual well, may not be
‘representative’ of bulk values of the aquifer between the well and a nearby waterway.

This introduces significant uncertainty into calculation of the likely magnitude of stream depletion
effects from an individual groundwater take. In many cases this uncertainty is increased by the
iterative process utilised to site production wells, with the final location being selected as the most
productive site identified from multiple test wells (so hydraulic parameters derived from aquifer
testing are often biased toward the highest permeability areas within a spatially extensive aquifer).
Uncertainty is also increased by the subjectivity inherent in the interpretation and analysis of individual
aquifer tests. As observed by the Environment Court in the Morfield Farms Limited and Wilkins
Farming Limited vs Southland Regional Council decision (para 31):

“....calculations of river depletion are so subject to variation by experts, we have serious
doubts that it could ever have been in the contemplation of the Court that the
availability of abstraction from the river would be determined on the basis of varying
arguments by hydrogeologists as to levels of hydrogeological connection”

7 See for example, Page 46 of the WCO decision which states that:

“It was and still is intended that the whole of any authorised inflows that do not have their source in the protected
waters, as for example groundwater, shall be available for abstraction.”
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To reduce the subjectivity of stream depletion estimates for individual groundwater takes,
standardised hydraulic properties applying to all groundwater takes within defined geographical areas
have been utilised in this review. Derivation and application of standardised aquifer hydraulic
properties is detailed in Sections 4 and 5 of this report.

2.2.12. Assignment of Pumping Rates, Volumes and Minimum Flow Cut-offs to Individual Wells

Many current resource consents for groundwater abstraction in the Mataura catchment draw water
from two or more production bores but have a single cumulative rate and volume of abstraction
specified in resource consent conditions. Given that stream depletion assessment is undertaken for
each individual pumping bore, a fixed rate and volume of abstraction must be assigned to each bore.
In the absence of specific resource consent conditions, rates of abstraction for individual production
wells have been assigned on the basis of historical water use and discussions with consent holders,
with seasonal volumes assigned on a pro-rata basis accordingly.

Modification of pumping rates and volumes for individual water takes is the primary method utilised
in this review to achieve theoretical compliance with the MWCO flow allocation provisions. Such
changes have been made after extensive discussions with individual resource consent holders and
generally comprise a mix of three different approaches, tailored for each individual consent:

. reductions in seasonal volumes for individual production wells. Under the pSWLP Appendix L.2
methodology (which assumes continuous abstraction at the maximum authorised abstraction
rate until the entire seasonal volume is utilised) this has the effect of reducing the maximum
duration of abstraction possible within a given season, reducing the overall stream depletion
effect;

o application of maximum (cumulative) 45-day (or 28-day) volumes. While the pSWLP
Appendix L.2 methodology assumes continuous maximum rate pumping, water use data shows
individual consents rarely, if ever, maintain abstraction at the maximum permitted rate for
extended periods. Rather, abstraction varies on a day-to-day basis reflecting a range of climatic
and operational factors. To account for such variance, historical water use data was utilised to
estimate maximum cumulative medium-term (rolling 45-day total) volumetric water use and a
corresponding maximum average abstraction rate. This average 45-day pumping rate was used
to calculate stream depletion effects, with a corresponding volumetric limit added to consent
conditions;

° transfer of all, or part, of the seasonal allocation for an individual consent to a higher allocation
band, thereby limiting the total volume of water which can be abstracted during periods when
river flows are below the nominated cut-off. In these situations, the stream depletion effect was
split across the flow bands in the same proportion as the annual volume split.
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3. Stream Depletion Parameters

In 2018/19, stream depletion effects were originally calculated by ES for all groundwater takes with
aquifer parameters determined from the available information at the time (Killick, 2019). These
calculations have since been reviewed and several concerns around parameter uncertainty and
consistency were raised. The following sections of this report describe the work undertaken to resolve
those uncertainties and inconsistencies. The resulting parameters were used to estimate the stream
depletion effects against which compliance with the MWCO is assessed and represent an agreed set
of consistent parameters for various sub-areas within the catchment.

Based on the occurrence of groundwater takes a series of general areas were defined as follows and
a map showing their locations is provided in Figure 2:

° upper Mataura River area;

. Foxes Creek area, close to the catchment boundary with the Oreti River;

° Waimea Plains area;

° Garvie aquifer where changes are proposed based on updated modelling of the aquifer;
. Riversdale area;

° Pyramid Creek area;

. Meadow Burn area;

° Croydon area;

° Gore District Council takes at Coopers Creek.

Each of these areas are discussed in further detail below and the general locations are shown in
Figure 2. The aquifer parameters that should be used to determine aquifer parameters for each of
these areas, together with their spatial extent, are provided in Section 4 of this report.

Some parameters are standardised throughout the assessments. These include the stream bed
conductance of the Mataura River downstream of Parawa, which is set to 100 m/d. In addition, the
specific yield is set to 0.15 or 0.2 depending on the availability of nearby data. The specific yield is
frequently poorly defined in pumping tests but where the data exists to define that value, a value of
between 0.15 and 0.2 is typical.
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Figure 3: Location of Stream Depleting Bores
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3.1 Background

A map showing the groundwater takes around the Upper Mataura is shown in Figure 4. Based on a
review of the consents in the area, together with a review of the outcomes of pumping tests and other
assessments, two key parameters were confirmed for this area:

. stream depletion assessments should base the distance to the river on the distance to the
nearest point downstream of where long-term flow occurs. This is defined as the confluence
between the Upper Mataura and Diggers Creek, as shown in Figure 3;

. takes located between downstream of the Diggers Creek confluence to the point where the
Lower Wendonside Groundwater Management Area begins should be assessed based on their
distance to the Mataura River main stem;

. stream bed conductance values in the area have varied widely depending on the method of
analysis used to define that value. Based on a review of the analyses used, a single, consistent
value of 20 m/d should be applied to takes in the Upper Mataura area.

In other areas located in the Mataura catchment above Gore, there is sufficient aquifer parameter
data from pumping tests to determine average values. In addition, other areas further downstream
have been delineated based on generally similar hydrogeological settings. In contrast, the upper
Mataura area includes a range of hydrogeological settings, including shallow gravel deposits located
close to the river, as well as much deeper water bearing strata where pumping has a much more
delayed effect on the river. There are few pumping tests from which an average of parameters can be
determined.

Therefore, other than the stream bed conductance values, parameters used in the stream depletion
assessments should be based on site specific testing. For the existing consented bores, the parameters
used are set out in Appendix A.
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Figure 4: Location of Bores in the Upper Mataura Area

3.2 Foxes Creek Area

Figure 5 shows the location of Foxes Creek. Fieldwork carried out by PDP in January/February 2022
around Foxes Creek indicated a small flow of around 3 L/s upstream of Saint Patricks Road but that
there was no flow downstream of Saint Patricks Road. A recent field visit by ES in March 2022 indicated
that flow was observed around 1 km upstream of Glenure Road and around 3 km downstream of
St Patricks Road.

The 2021/22 summer was relatively dry and the flow observed just upstream of Glenure Road is
therefore likely to represent the point at which permanent flow in the stream generally occurs. This
is not intended to account for extremely dry summers where dry conditions could extend further
downstream. However, in a similar way to annual volumes on irrigation consents being set for typically
1in 10-year dry events, the point of perennial flow relates to a typical dry year.
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Figure 5: Location of Bores in the Foxes Creek Area

The location of the point from where stream depletion should be calculated for groundwater takes in
the Foxes Creek area is downstream of Glenure Road. This is because the very low flows in Foxes Creek
upstream of St Patricks Road could not sustain the calculated stream depletion effect and the stream
is naturally dry for a distance of around 3 km downstream from St Patricks Road, in which case no
stream depletion would occur. The location of that point is shown in Figure 5. Therefore, stream
depletion effects are only considered downstream of that point, where persistent flows occur and
stream depletion effects may develop.

The fieldwork carried out by PDP in January/February 2022 included measurements of stream bed
conductances based on the change in flow along Foxes Creek around St Patricks Road. This work
resulted in an estimated stream bed conductance of 2.5 m/d, which should be applied to stream
depleting groundwater takes in this area.

Other appropriate stream depletion parameters for any future takes in the area are set out in
Section 4. These are based on the average values derived from pumping tests in the area and are
expected to be appropriate for estimating stream depletion effects.

Note that Appendix L2 of the pSWLP indicates that effects on intermittent streams must still be
considered as part of an assessment of effects on surface water bodies. However, that is a separate
assessment matter at the time decisions on consent applications are made, so it does not affect the
surface water allocation aspect of a take and is therefore not considered in this report.
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3.3 Waimea Plains Area

The location of groundwater takes that are considered in the MWCO are shown in Figure 6. With
respect to these takes, a specified point on an unnamed stream has been used for the distance to the
stream where it is permanently flowing (shown in Figure 6). In addition, the stream bed conductance
of the stream is set to 2 m/d, which is considered to be consistent with observed data for other streams
in similar settings (for example Foxes Creek).

In a similar way to the assessments caried out in the Foxes Creek area, the location of the permanently
flowing reach does not precisely match the geometry of a stream assumed in the analytical equations.
However, the location of the permanently flowing reach is expected to vary and there are also other
small streams that drain the terrace where these takes are located. Therefore, basing a stream
depletion assessment on the reach defined for this area is a reasonable approximation for the
purposes of classifying stream depletion effects.

A similar approach should be used for future takes, in terms of identifying an appropriate flow reach
of a stream that is connected to groundwater. The majority of streams in this area are typically small
and a stream bed conductance of 2 m/d is likely to be representative.

Other parameters used in the stream depletion assessment for future takes should be based on the
average derived from pumping tests in the area. These parameters are provided in Section 4.

Figure 6: Location of Bores in the Waimea Plains Area
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3.4 Garvie Aquifer

The Garvie aquifer is located in the Wendonside Groundwater Management Zone (GMZ), between the
Mataura and Waikaia Rivers, north of Riversdale in Southland. Understanding the stream depletion
effect of groundwater takes from this deep stratum is important in ensuring that water allocation in
the Mataura catchment remains within the constraints of the MWCO.

Calculation of stream depletion effects is typically achieved using the aquifer parameters derived from
a pumping test within an analytical model that allows for the presence of a river. Many groundwater
takes within the Mataura catchment fit within the assumptions of these analytical models. However,
the geometry of Garvie aquifer means that it cannot be represented in an analytical model.

Therefore, a numerical model of the Garvie aquifer was developed that can be used for estimation of
stream depletion effects arising from bore abstractions. The model has been created using the
groundwater modelling software MODFLOW 6 and is intended to be a relatively simple representation
of the aquifer, simulating the conceptual setting and geometry. It is intended to be used in the same
way as the analytical models used for other areas of the catchment i.e. without detailed calibration to
observed water levels. Further information of the technical details of the model are set out in a
technical memorandum (Appendix B) agreed between ES, PDP and Brydon Hughes (Land Water
People) as the technical representative of the consent holders steering group.

New takes from the Garvie aquifer should be assessed for stream depletion effects based on the
results of this numerical model, a copy of which is held by ES.

3.5 Riversdale/Lower Wendonside Terrace Area
A map showing the Riversdale area is presented in Figure 7.

The Riversdale/Lower Wendonside Terrace area includes those bores that are located between
McKellar Stream and the Mataura River around Riversdale, together with those in the lower
Wendonside Terrace. In general, McKellar Stream is thought to be perched in this location (Wilson,
2011) and as such, no assessment of bore pumping effects on stream flow should be required.
However, an unnamed stream (shown in Figure 7) located to the east of Meadow Burn is not likely to
be perched and bores located nearby to that stream should be assessed to determine their potential
effects on that stream.

The following parameters should be used to determine the stream depletion calculations for bores in
this area:

° the stream bed conductance for the Mataura River should be set to 100 m/d;

° it is recommended that stream depletion for bores in this area is calculated based on a
transmissivity value of 2,500 m?2/day, which is consistent with the majority of aquifer tests in the
local area;

. whilst the field measurement for the stream bed conductance for the unnamed stream

indicated a value of 25 m/d, this results in stream depletion effects that Brydon Hughes has
suggested are unrealistically high based on the small flow in the stream. It is possible that the
gain in flow between the gauging sites may have been affected by a tributary inflow, so is not
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all related to groundwater inflow. Alternatively, there may be lower permeability strata below
the zone of streambed conductance measured by the field work. Therefore the original
streambed conductance used in the original ES review assessment have been retained (1 m/d)
and should be used for assessments against this stream;

. the storage value applicable in this area is 0.2.

Figure 7: Location of Bores in the Riversdale and Lower Wendonside Area

3.6 Pyramid Creek Area

The Pyramid Creek area includes both Pyramid Creek itself as well as ‘Coal Creek’ (shown as an
unnamed stream on Topo50 maps). The location of existing takes in this area is shown in Figure 8.

Fieldwork carried out in January/February 2022 indicated that Pyramid Creek is typically dry up to its
confluence with the Mataura River. Therefore, Pyramid Creek is considered to be intermittent under
the pSWLP (Appendix L2) and groundwater takes in this area are assessed based on their connection
to the Mataura River. The existing take where that is relevant is identified in Figure 8. Note that
Appendix L2 of the pSWLP indicates that effects on intermittent streams must still be considered as
part of an assessment of effects on surface water bodies. However, that is a separate assessment
matter at the time decisions on consent applications are made, so it does not affect the surface water
allocation aspect of a take and is therefore not considered in this report.
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Coal Creek appears to maintain flow throughout the year and therefore the other bores close to this
waterway (i.e. closer to Coal Creek compared to the Mataura River or Waikaia River) are assessed
against their effects on Coal Creek, as shown in Figure 8. Fieldwork carried out in January/February
2022 indicated that the stream bed conductance of Coal Creek is typically around 1 m/d and this value
should be used for stream depletion calculations.

Appropriate values of other parameters are based on the average values from pumping tests. The
data indicates that the transmissivity for bores located around Coal Creek is typically much lower than
that observed from tests further to the south.

Figure 8: Location of Bores in the Pyramid Creek Area

3.7 Meadow Burn Area

Recent assessment of field data (ES, 2007) indicates that the stream bed conductance for the
Meadow Burn is estimated to be between 18 m/d to 92 m/d with a median value of 25 m/d. For the
purposes of assessing stream depletion, a value of 25 m/d has been adopted for the bores in this
area (Figure 9) and this value should be used for any new bores that are expected to affect the
Meadow Burn.

Where bores are located on the true right bank of the Meadow Burn, stream depletion effects are not
considered on the Mataura River due to the high stream bed conductance for the Meadow Burn, which
is expected to prevent effects propagating to the Mataura River. However, if a bore was to be drilled
between the Meadow Burn and the Mataura River, then stream depletion effects will need to be
considered against both waterways.
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The McKellar Stream also flows close to the bores in this area. No stream depletion assessment is
required for the McKellar Stream in this area because data collected for that stream indicates that it
is hydraulically separated from groundwater, most likely due to stream bed clogging. Flows in the
McKellar Stream do not show any correlation to groundwater levels.

Where the Meadow Burn flows close to (i.e. within approximately 100 m) the Mataura River, stream
depletion effects on the Meadow Burn should be disregarded and effects should be assessed against
the Mataura River. This is because the Mataura River will dominate stream depletion effects in this
situation.

Other parameters appropriate for estimating stream depletion effects from new bores in this area
should be based on the average values derived from pumping tests. These are detailed in Section 4 of
this report.

Figure 9: Location of Bores in the Meadow Burn Area

3.8 Croydon Area

There are three consents (4 bores) located in this area (Figure 10) within a bend of the Mataura River
upstream from Gore. Aquifer properties vary widely between the consents despite the physical
proximity and therefore a uniform value of transmissivity has been adopted to ensure a consistent
approach to the assessment.

A uniform value of 1,500 m?/day has been adopted, which is approximately the average of the range
of values that are observed in different pumping tests in the area. All takes in this area are assessed
against the mainstem of the Mataura River. Whilst some other surface waterways are present, for
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example an oxbow lake, many of these do not flow at times of low flow in the Mataura River and
should therefore be excluded from any stream depletion assessments.

Note that Appendix L2 of the pSWLP indicates that effects on intermittent streams must still be
considered as part of an assessment of effects on surface water bodies. However, that is a separate
assessment matter at the time decisions on consent applications are made, so it does not affect the
surface water allocation aspect of a take and is therefore not considered in this report.

Figure 10: Location of Bores in the Croydon Area

3.9 Otama Creek Area

The Otama Creek area covers land on the true left bank of the Mataura River. There is one consent in
this area consisting of three bores. Pumping tests on the bores indicate a range of transmissivities,
with an average of around 2,000 m?/day. There are a humber of small unnamed streams located
across the terrace which should be considered as part of stream depletion assessments. Whilst the
precise stream bed conductance for these watercourses is not known, a value of 1 m/d is considered
appropriate.
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Figure 11: Location of Bores in the Otama Creek Area

3.10 Gore District Council Takes

The Gore District Council takes are treated in a slightly different manner here compared to the other
takes. In other areas, a general set of parameters have been derived, but the following comments are
specifically relevant to the Gore District Council takes at the Coopers wellfield and the Jacobstown
wellfield. The location of these takes are shown in Figure 10.
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Figure 12: Location of Gore District Council Bores
3.10.1. Coopers Wellfield

Based on a report from 2007 (SKM, 2007), the key complication with the Coopers wellfield is that bores
were drilled into an old dredge pit, which has a higher permeability than the surrounding strata. The
2007 technical comment also notes that the take was supplemented by a surface water take at times
of low water levels, where surface water is pumped into the bores to sustain their yield.

The stream depletion effects from the Coopers wellfield only consider the effect of the take on the
Mataura River. That is because the Mataura River WCO excludes tributaries downstream of
Otamita Creek as ‘protected waters’ and therefore Gold Creek is not part of the stream depletion
assessment.

The stream bed conductance of the Mataura River at this point is estimated as 50 m/d which accounts
for the narrower width of the river compared to further upstream. Other parameters are detailed in
Appendix A of this report. Any new takes in this area should use similar (i.e. within a range of around
10%) parameters to determine the effect of the take on the Mataura River.

However, if a surface take is used to supplement the bore water then that abstraction should be
assigned to the MWCO allocation, provided that it does not result in a double accounting of the
combined effects of the abstraction.
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3.10.2. Jacobstown Wellfield

The Jacobstown bores are located around 1.5 km downstream of the Coopers wellfield and on the
opposite (i.e. west) bank of the Mataura River. One of the bores (Well 3, F45/0555) also experiences
particularly low yields at times of low water levels but in this case the cause, as described in
SKM (2007), is thought to be due to a basement ridge between the bores and the river, which restricts
the hydraulic connection between the bores and the river at times of low flows (SKM, 2007) Low yields
also affect the other Jacobstown bore (Well 1, F45/0806) at low flows, although this bore is located
slightly (60 m) closer to the river compared to Well 3.

However, although the setting of the take may be complex, they should be assessed based on the
distance from the Mataura River and appropriate aquifer parameters (detailed in Appendix A). Any
new takes in this area should use similar parameters (i.e. within a range of around 10%) to determine
their stream depletion effects on the Mataura River.
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4. Stream Depletion Methodology

The aquifer parameters discussed under each of the sections above have been used in analytical
equations to calculate a stream depletion effect for each groundwater take, apart from those takes in
the Garvie Aquifer. The stream depletion effect for the takes in the Garvie aquifer is based on the
outputs from a numerical model of that area, as discussed in Section 3.4 above. Further details of that
numerical model are provided in Appendix B.

The analytical equations used to determine the stream depletion effect include the following:

° Hunt (1999) — allows for a stream that partially penetrates into the aquifer, with stream bed
clogging and a single aquifer;

. Hunt (2003) — allows for a stream that partially penetrates into a shallow aquifer, with stream
bed clogging and a two-aquifer system (i.e. a deeper pumped aquifer overlain by a lower
permeability aquitard where only vertical flow is simulated;

° Ward and Lough (2011) — allows for a partially penetrating stream with stream bed clogging and
pumping from a deeper aquifer overlain by an aquitard and a water table aquifer, where
horizontal flow is simulated in the water table aquifer.

Each of the solutions has differing levels of input requirements, as summarised in Table 1 below.

Table 1: Aquifer Parameters

Parameter Hunt Hunt Ward and
(1999) (2003) Lough (2011)
Pumped aquifer transmissivity X X X
Pumped aquifer storage X X X
Stream bed conductance X X X
Vertical conductance of overlying aquitard X X
Specific yield of overlying aquitard / water X X

table aquifer

Transmissivity of overlying water table X
aquifer

These solutions were applied as appropriate to each bore (as detailed in Appendix A). In order to
ensure a consistent stream depletion calculation, the same solution should be used in each area. The
solutions used, together with the parameters are listed in Appendix A. In addition, as discussed above,
a consistent set of parameters should be used in each area so that stream depletion estimates are
derived in a consistent manner.
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Table 2 sets out those parameters for each of the areas discussed above, and the location and extent
of those areas are set out in Figure 11. The extent of each of the areas is generally based on the
occurrence of existing consents and allowing for some additional area where the same aquifer
parameters are expected to be applicable.

There are areas of the Mataura catchment above Gore that do not fall into any of the zones set out in
Table 2 or Figure 11, for example the Longridge groundwater management zone, the lower part of the
Waimea Stream, and shallow bores on the Wendonside Terrace. Stream depletion effects in these
areas are not considered to be an issue because:

. existing groundwater takes in these zones are all less than 2 L/s and under the pSWLP and the
RWP, takes of 2 L/s fall entirely into the groundwater allocation block and no stream depletion
assessment is required;

° in general, these areas host strata that is not generally permeable and therefore both yields and
accompanying stream depletion effects are limited.

The Garvie aquifer area is not defined in Figure 12 because its extent is not precisely understood. Any
new takes in the Garvie Aquifer should be assessed for stream depletion effect via the numerical model
that was developed for that purpose. The numerical model should be updated as required to
accommodate new information regarding the extent of the Garvie aquifer.
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Table 2: Aquifer Parameters for Stream Depletion Estimates

Upper Matura®3 (from pumping tests) 0.2 20 (Mataura River) (from  pumping | 0.15 (from pumping | Confluence with
tests) tests) Diggers Creek
Foxes Creek area 360 (average  from  0.0012 2.5 (Foxes Creek) 0.0125 (average | 0.15 250 (average from | d/s Glenure Road
pumping tests) from pumping pumping tests)
tests)
Waimea Plains area | 500 (average  from 0.2 2 (Unnamed Stream) Not applicable to these assessments As shown in Figure 5
pumping tests)
Riversdale area 2,500 0.2 100 (Mataura River) or 1 | Not applicable to these assessments
(Unnamed Stream)
Pyramid Creek /Coal | 5,000 (Pyramid Creek), 0.2 1 (Coal Creek) or 100 @ Not applicable to these assessments
Creek 400 (Coal Creek (Mataura River)
Meadow Burn area | 3,800 (average from 0.2 25 (Meadow Burn), 100 | Not applicable to these assessments
pumping tests) (Mataura River)
Otama Creek area 2,000 0.2 100 (Mataura River) Not applicable to these assessments
Croydon area 1,500 0.15 100 (Mataura River) Not applicable to these assessments
Gore 1,000 0.15 50 (Mataura River) Not applicable to these assessments

1. Where the pumped aquifer is at the water table, the storage value should be 0.2. If the pumped aquifer is overlain by an aquitard, a storativity value should be

defined based on the results of a pumping test.

2. Thisis generally the area of the catchment upstream of the Parawa gauging station.
3. Other than stream bed conductance, aquifer parameters should be derived from site specific pumping tests as there is too much variability in this area to set

standard values.
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Figure 13: Stream Depletion Areas
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5. Application of the Methodology

Appendix A includes a list of consents and bores where the stream depletion effect has been assessed
as ‘moderate’ or greater, based on the parameters set out in Table 2.

6. Summary and Conclusion

This report provides the technical background for the aquifer parameters that have been developed
to represent stream depletion effects in the Mataura catchment above Gore. As discussed in Section 2
of this report, the stream depletion calculations based on these parameters are not an exact
representation of the actual effect that groundwater takes have on flows in the Mataura River,
however, they provide a set of estimates that can be used for management purposes.

If new takes are developed in the areas discussed in this report, their stream depletion effects should
be calculated based on the parameters outlined in this report and supported by a pumping test. A
significant parameter with respect to stream depletion is often the stream bed conductance value and
a set of values have been derived for different streams across the catchment that are consistent with
observed data from fieldwork and must be applied consistently to bores in each of the areas.

It will be important that changes are not made to these parameters because this may result in a
requirement to recalculate the overall effect of groundwater takes on flows in the Mataura River,
which must be consistent with the Water Conservation Order as applied to that river.

Whilst the stream depletion parameters that should be used are set out in Table 2 of this report, that
does not negate the requirement for a pumping test. The results of a pumping test should be used to
define aquifer parameters used for drawdown interference assessments. In some situations, it is
possible that such a pumping test may indicate that a bore is located and drilled into a different
hydrogeological setting than is indicated by the parameters set out in Table 2. For example, if a bore
is drilled that successfully encounters water bearing strata at depth (for example >50 m) and which is
overlain by an extensive thickness of low permeability strata, it may be reasonable to apply different
parameters to the assessment. If this situation arises, some expert judgement will be required in terms
of the stream depletion assessment for a particular take, and it will need to be unequivocally justified
based on observed data.
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Appendix A: Parameters used for Stream Depletion Assessments

207215 F45/0549 313,020 40.3 90 19 27.3 No 313,020 40.3 90 27.3 19.0 313,020 27.3
change

302766 F44/0184 606,450 72.0 90 9 19.2 Split 606,450 72.0 90 19.2 9 420,000 13.3
6220 m3/d across 2
bands 13 186,450 5.9
20171618-03 F44/0296 210,750 25.0 90 NA <5 No 210,750 25.0 90 0 NA 210,750 <5
change
20146367 F44/0201 430,000 60.3 83 11 30.5 Split 250,000 60.3 48 24.2 11 200,000 19.4
across 2
bands and
annual 13 50,000 <5
volume
reduction
206312 E43/0046 633,750 68.0 90 13 40.1 Annual 435,250 68.0 74 38.1 13 435,250 38.1
volume
reduction
300869-V1 F44/0026 315,000 59.4 61 NA 23.4 458,784 59 90 27.7 NA 458,784 27.7
300869-V1 F44/0113 140,000 26.4 61 NA 8.4 456,560 60 88 23.7 NA 456,560 23.7
300869-V1 F44/0206 420,000 79.2 61 11 53.1 - - - - 11 - -
300869-V1 CE11/0081 New bore 707,616 91 90 13.2 13 707,616 13.2
20146901 F45/0433 485,000 61.0 90 11 38.8 Annual 400,000 195,500 50.3 90 31.9 11 400,000 31.9
volume
reduction
and 45
day rate
of
195,500
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300942-V2

20147481

20157592

204330-V1

F44/0059

F44/0265

F44/0390

F45/0463

356,400

59,400

380,744

784,750

60.0

8.3

60.2

24.9

69

83

73

90

NA

11

NA

NA

5.5

<5

6.4

16.6

204330-V1

F45/0576

0.0

NA

204330-V1

99197

F45/0795

F45/0555

1,040,250

547,500

33.0

17.4

90

90

NA

NA

20.3

13.8

Annual
volume
increase
(assoc
with
Festive
Fields’s
appn for
new bore

No
change

Annual
volume
reduction
and 45
day
volume
set to
165,000

Annual
volume
reduction
and 28
day
volume

Annual
volume
reduction
and 28
day
volume

544,560

59,400

300,000

479,063

165,000

59,063

60

8.3

42.4

244

90

83

82

28

356,400

1.0

10.8

15

NA

NA

NA

188,160

_

59,400

300,000

479,063

<5

<5

<5

10.8

0.0

1,117,813

910,219

137,813

112,219

57.0

46.4

28

28

21.0

29.8

NA

NA

1,117,813

910,219

21.0

29.8

99197

F45/0806

547,500

17.4

90

NA

14.6

47,906

5,906

15

28

1.1

NA

47,906

<5
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20146808 E44/0547 262,500 34.7 88 NA <5 No NA <5
20146808 E44/0548 175,000 231 88 NA <5 change NA <5
20157708 E44/0569 113,750 15.0 88 NA 0.0 No NA <5
change
20157708 E44/0570 113,750 15.0 88 NA 0.0 NA <5
20136240-V1 F44/0193 59,400 8.3 83 NA 4.4 Split 123,552 20 72 9.0 NA 95,040 6.9
F44/0193 across 2 0 15 28,512 <5
bands
20136240-V1 F44/0363 267,300 37.4 83 NA 25.4 Treated 0
20136240-V1 F44/0432 267,300 37.4 83 NA 27.7 as surface 0
water
takes
20146373-V1 F44/0218 348,075 50.0 81 9 21.7 Split 348,075 50 81 21.7 9 259,200 16.2
across 2
bands 13 88,875 5.5
20147096 F45/0419 408,000 90 9 37.4 Split 408,000 52.7 90 37.4 9 250,525 23.0
across 3 13 118,107 10.8
bands 15 39,369 <5
20147096 F45/0420 408,000 52.7 90 9 39.6 Split 408,000 52.7 90 39.6 9 250,525 24.3
across 3 13 118,107 115
bands 15 39,369 <5
300199 F45/0402 560,000 90 NA 33.7 Annual 420,000 212,600 54.7 89 25.4 NA 420,000 25.4
volume
reduction
300781 F44/0183 338,250 40.1 90 NA 6.6 Annual 304,425 40.1 88 6.4 NA 304,425 6.4
volume
reduction
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300781 F44/0223 276,750 32.8 90 11 14.6 Annual 249,075 32.8 88 14.6 11 113,491 6.7
volume
reduction 13 135,584 8.0
and split
across 2
bands
20158314 F45/0422 52,800 64,000
20158314 F45/0426 254,400 38.0 77 11 8.2 Split 304,000 38 90 9.5 11 152,000 <5
across 2 13 152,000 <5
bands
20158314 F45/0434 172,800 14.0 90 NA 0.0 112,000 14 90 2.0 NA 112,000 <5
20181243 F45/0529 267,750 35.4 88 15 20.1 267,750 354 88 20.1 15 144,585 10.9
20181243 CF12/5071 15 New bore 15 123,165 9.3
20157812 F45/0424 98,047 16.0 71 11 7.6 Split 98,047 16 71 7.6 11 65,581 5.1
across 2
1 32,465 <5
bands 3
20157812 CF12/5069 122,558 20.0 71 11 10.1 Split 122,558 20 71 10.1 11 81,977 6.8
across 2
40,581
bands 13 <3
20157812 F45/0525 42,895 7.0 71 11 3.9 New bore 42,895 7 71 3.9 11 28,692 <5
301359 F44/0080 589,875 70.0 90 9 19.9 Split 589,875 70 90 19.9 9 332,640 11.2
across 2 13 257,235 8.7
bands
302630-01 F44/0359 506,000 70.0 84 NA 13.2 Annual 455,400 70 75 6.3 NA 455,400 6.3
volume
reduction
and
Garvie
aquifer
take. NB:
Stream
depletion
on this
take
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300911

New Bore

339,200

35.0

90

NA

0.0

300911

207373

20181529

F44/0339

E44/0441

F44/0138

339,200

520,000

499,830

35.0

55.0

92.2

90

90

63

NA

NA

17

7.0

0.0

24.6

reduces
because
the
effects on
Waikawa
Stream
drops to
less than
5/Ls.

New bore

to be
drilled -
stream
depletion
effects
drop to 0
because
effect
drops to
less han
5L/s
provided
the
average
rate is
<40L/s

No
change

Band shift
to 15
cumec
from 17
cumec

35

I

0.0

NA

339,200

i

<5

520,000

499,830

35

55

92.2

90

63

0.0

2.2

24.6

NA

NA

15

339,200

520,000

499,830

<5

<5

24.6

20171135 E43/0020 675,000 80.0 90 NA 29.1 No 670,000 80 90 29.1 NA 670,000 29.1
20171135 E43/0045 135,550 49.9 31 11 12.3 change 135,550 49,9 31 12.3 11 135,550 12.3
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302313 CE11/0070 256,208 36.0 82 NA (new New 256,208 36 82 19.8 NA 256,208 19.8
bore) - bore. NB:
baseline The
stream stream
depletion depletion
is effect for
19.8L/s, th.IS bore
based on is not
X calculated
pumping in this
at36Ll/s spreadshe
and a et.
seasonal
volume
of
256,208
302313 F44/0217 291,792 41.0 82 11 31.0 291,792 41 83 28.1 11 291,792 28.1
302313 F44/0198a 11 25.1
302175 F44/0198 462,000 82 11 51.3 Annual 430,935 224,640 57.8 86 45.7 11 430,835 45.7
volume
reduction
and 45
day
volume
Surface Water Takes
201629 SW/.0057 157,680 5 19 5.0 19 5.0
20158306-02 SW/0079 24,309 2 NA 2.0 NA 2.0
204573-V2 SW/0098 315,360 10 13 10.0 13 10.0
20169683-02 SW/0184 13,140 3 NA 3.0 NA 3.0
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20158317-V1 F43/0024 210,600 25 11 25.0 11 8.0

202102 F45/0399 949,600 30 NA 30.0 NA 25.0
205720 SW/0112 1,041,000 33 NA 0.0 NA 0.0

202255 SW/0075 328,500 10 NA 0.0 NA 0.0

20202058-01 SW/0197 28,282 0.9 21 0.9 21 0.9

20202058-01 SW/0197 45 45 45.0 45 45.0
300921 SW/0143 0.9 NA 0.9 NA 0.9

20136240-V1 F44/0363 NA 37.5 NA 29.0
20136240-V1 F44/0363 15 15 8.4
20136240-V1 F44/0432 NA 37.5 NA 29.0
20136240-V1 F44/0432 15 15 8.4
Permitted 80 NA 80.0 NA 17

Activities
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NA 350 17.5 367.5 447.0 79.5
9 450 22.5 472.5 584.8 112.3
11 550 27.5 577.5 896.4 318.9
13 650 32.5 682.5 946.5 264.0
15 750 37.5 787.5 966.6 179.1
17 850 42.5 892.5 991.2 98.7
19 950 47.5 997.5 1023.5 26.0
21 1050 52.5 1102.5 1024.4 0.0

45 2250 112.5 2362.5 1069.4 0.0

NA 350 17.5 367.5 318.3 0.0
9 450 22.5 472.5 406.3 0.0
11 550 27.5 577.5 570.2 0.0
13 650 32.5 682.5 682.0 0.0
15 750 37.5 787.5 743.4 0.0
17 850 42.5 892.5 743.4 0.0
19 950 47.5 997.5 775.7 0.0
21 1050 52.5 1102.5 776.6 0.0
45 2250 112.5 2362.5 821.6 0.0
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Appendix B: Parameters used for Stream Depletion Assessments
Technical Memorandum

This memorandum has been prepared by Pattle Delamore Partners (PDP) on the specific instructions of
Environment Southland for the limited purposes described in the memorandum. PDP accepts no liability if
the memorandum is used for a different purpose or if it is used or relied on by any other person. Any such
use or reliance will be solely at their own risk.

This memorandum has been prepared by PDP on the basis of information provided by Environment
Southland and others (not directly contracted by PDP for the work). PDP has not independently verified
the provided information and has relied upon it being accurate and sufficient for use by PDP in preparing
the memorandum. PDP accepts no responsibility for errors or omissions in, or the currency or sufficiency
of, the provided information.

1. Introduction

The Garvie aquifer is located in the Wendonside Groundwater Management Zone (GMZ),
between the Mataura and Waikaia Rivers, north of Riversdale in Southland (Figure 1). Parts of
the Mataura River catchment are subject to a Water Conservation Order (MCO) which, amongst
other things, limits the amount of water that can be allocated from the catchment to 5% of the
naturalised flow in the river at Gore. Understanding the stream depletion effect of groundwater
takes is therefore important in ensuring that water allocation in the Mataura catchment remains
within the constraints of the MWCO. Calculation of stream depletion effects is typically achieved
using the aquifer parameters derived from a pumping test within an analytical model that allows
for the presence of a river. Many groundwater takes within the Mataura catchment fit within the
assumptions of these analytical model. However, the geometry of Garvie aquifer means that it
cannot be represented in an analytical model.

Therefore, Environment Southland (ES) has engaged Pattle Delamore Partners Ltd (PDP) to create
a numerical model of the Garvie aquifer that can be used for estimation of stream depletion
effects arising from bore abstractions. The model has been created using MODFLOW 6 and is
intended to be a relatively simple representation of the aquifer, simulating the conceptual setting
and geometry. It is intended to be used in the same way as the analytical models used for other
areas of the catchment i.e. without detailed calibration to observed water levels.
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Figure 1: The study area, showing groundwater management zones and the Mataura and Waikaia Rivers.

2. Conceptual Model

The Wendonside Terrace is an elevated alluvial terrace that occupies a roughly triangular area
upstream of the confluence of the Mataura and Waikaia Rivers, and south of the Garvie Mountain
foothills. The terrace has a complex geological and hydrogeological setting: Uplifted schist
basement rock forms the hills north of Freshford, and an area of uplifted basement rock also
occurs along the northwestern side of the terrace, adjacent to the Mataura River. The Quaternary
alluvial sediments that form the Wendonside Terrace are underlain by tertiary sediments, such as
the Gore Lignite Measures. The Quaternary alluvial sediments are thickest in a roughly linear
northwest to southeast trending band across the centre of the Wendonside Terrace, and this area
of deeper gravels forms the Garvie Aquifer. A conceptual geological cross-section is shown in
Figure 2: Conceptual geological cross-section across the Wendonside Terrace (Environment
Southland).
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Figure 2: Conceptual geological cross-section across the Wendonside Terrace (Environment Southland).

The Quaternary alluvium hosts a complex stratified aquifer system, with a shallow, unconfined
(and possibly perched) aquifer system in the northern part of the terrace, with a highly permeable
semi-confined aquifer system (the Garvie Aquifer) in deeper gravel layers across the central and
southern parts of the terrace. There is a low yielding aquifer system above the Garvie Aquifer.
Figure 3 shows the inferred extent of the various aquifers in the study area. Groundwater
discharge is inferred to occur primarily via baseflow to the Waikaia River. This is supported by flow
gauging studies, such as one conducted in 2007 which calculated a gain in flow of approximately
2 m3/s along the reach from Waiparu to the confluence with the Mataura River (Phreatos, 2007),
although this would include flow from run-off and streams either side of the river. Approximately
half of the gain occurred in the relatively short reach between south of the Wendonside Terrace,
between Waipounamu Bridge Road and the confluence with the Mataura River. A conceptual
hydrogeological cross-section is shown in Figure 3 (based on interpretation from Hughes, 2011).
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Figure 3: The depth to groundwater across the study area, with the interpreted extents of the various aquifers in the
area.

Figure 4: Conceptual hydrogeological cross-section through the Wendonside Terrace (Hughes, 2014)
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3. Model Structure and Design

The groundwater model developed for this project seeks to replicate the general conceptual
setting described above for the purpose of estimating stream depletion effects. The general
model configuration is shown in Figure . The western to southern boundary of the active cells is
the Mataura River and the ridge of the basement on the northwestern margin of Wendonside
terrace. The northern boundary of the active cells consists of the northern end of the Wendonside
alluvial terrace. The eastern boundary of the active cells consists of the basement hills of
Round Downs, on the eastern side of the Waikaia River.

Figure 5: Map showing the model grid and boundary. Purple cells are inactive, brown cells are active. Red cells are
Mataura River cells. Yellow cells are Waikaia River cells.

The model grid consists of a structured grid with a cell size of 250 m and three layers, each of
which is 20 m thick. The top layer (layer 1) comprises the Wendonside terrace. Its extent is shown
in Figure. The 20 m thickness of layer 1 is consistent with the general height of the terrace above
the flood plains of the Mataura and Waikaia Rivers.
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Figure 6: The spatial extent of layer 1, which represents the Wendonside Terrace

Figure 7: The spatial extent of active layer 2 cells in the model.
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Layer 2 is present across the entire active model area and represents the recent alluvium on the
active floodplains of the Mataura and Waikaia Rivers, and the alluvial deposits overlying the
Garvie Aquifer. Layer 2 is 20 m thick and both the Mataura and Waikaia Rivers occur in this layer.
The extent of layer 2 is shown in Figure 7.

Layer 3 represents the Garvie aquifer and is present across a linear northwest—southeast trending
band across the centre of the model area. This covers the known extent of bores that abstract
from the Garvie Aquifer. Layer 3 is 20 m thick (i.e. 40-60 m below ground level on the Wendonside
Terrace), which is generally consistent with the depth of bores that abstract from the Garvie
Aguifer. The extent of layer 3 is shown in Figure 8.

Layers 1 and 2 have a horizontal hydraulic conductivity of 25 m/d, which is equivalent to a
transmissivity of 500 m?/d for each layer when they are fully saturated, with an aquifer thickness
of 20 m for each. Layer 3 has a horizontal hydraulic conductivity of 250 m/d, which is equivalent
to a transmissivity of 5,000 m?2/d. This is generally consistent with the available pumping test data
from the Garvie aquifer.

Layers 1 and 2 have a vertical hydraulic conductivity of 0.32 m/d, and layer 3 has a vertical
hydraulic conductivity of 5 m/d. The vertical hydraulic conductivity for layers 1 and 2 is based on
the average leakage value (K’/B’) of 0.008 day™ that has been estimated from pumping tests in
the Garvie Aquifer. The K’/B’ values was converted to a vertical conductivity value by multiplying
the K’/B’ value of 0.008 day* by 40 m (the combined thickness of layers 1 and 2 in the model) to
give a vertical hydraulic conductivity of 0.32 m/d (or 0.16 m/d where layer 2 is not overlain by
layer 1).

The vertical hydraulic conductivity of layer 3 has been estimated from an assumed 1:5 ratio of
horizontal to vertical hydraulic conductivity in the Garvie Aquifer. These aquifer parameters are
considered consistent with our conceptual understanding of the groundwater system of the
model area and are consistent with the typical values from pumping tests in the area, where the
Garvie aquifer is generally much more permeable and productive than the overlying strata in the
area.
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Figure 8: Spatial extent of layer 3, which represents the Garvie Aquifer.

The streambed conductance of both the Mataura and Waikaia Rivers was set at 100 m/d, which
is consistent with the values used in the analytical model for calculation of stream depletion
effects on the Mataura and Waikaia rivers due to shallow bore abstractions.

Recharge to the model area has been set assuming 211 mm of annual recharge (0.58 mm/day),
evenly distributed across the model area. This is similar to the average annual rainfall recharge
of 211 mm per year that has been estimated by ES for the Wendonside GMZ
(https://www.es.govt.nz/environment/water/groundwater/groundwater-management-
zones/wendonside),.

The initial steady-state model was modified into a transient model to assess stream depletion
effects. For assessment of stream depletion effects 183 stress periods of 2 days each were used.
For the transient model the specific yield was set to 0.1 (i.e. layer 1 and layer 2 where it extends
beyond the Wendonside GMZ), while the specific storage for confined cells was set to be 0.0001
(i.e. layer 3 and layer 2 where it is overlain by layer 1).
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4, Model Results

The overall, steady state model water balance (with no groundwater pumping occurring) is shown
in Table 1 below. The results show that the Waikaia River gains approximately 353 L/s of flow,
while the Mataura gains approximately 227 L/s of flow. As discussed in Section 3 above, flow
gauging conducted in 2007 estimated a total gain to the Waikaia River of 2 m3/s along this reach.
However, this would include recharge from the Round Downs to the east of the Waikaia River and
the Wendon GMZ, which is not simulated in our model. Therefore, the model water balance is
considered in the correct order of magnitude as the measured gain to the Waikaia and considered
appropriately similar to be representing the conceptual understanding of the groundwater
system.

Table 1: Overall steady state model water balance

Component Inflow (m3/day) (L/s) Outflow (m3/day) (L/s)
Rainfall Recharge 48,144 (557)
Mataura flow in * 1.369 (15)
Waikaia flow in ? 645 (7.4)
Mataura flow out 19,587 (227)
Waikaia flow out 30,571 (353)
Total 50,159 (580) 50,159 (580)
Note:
1. The model only simulates groundwater-surface water interaction in this section of the river.

Total river flow will be greater than these numbers due to inflow from outside the model.
Some losses from the Mataura and Waikaia Rivers occur. In the model, the Waikaia River
loses some water to layer 2 around the upper modelled reaches. The Mataura River loses a
small volume of water into layer 2 upstream of Riversdale.

The simulated groundwater head elevations in layer 2 of the model are shown in Figure. The
pattern of groundwater flow is generally as would be expected based on the conceptual
understanding of the groundwater system. The simulated groundwater flow pattern is generally
similar in layers 1 and 3 of the model, showing a generally south-easterly flow direction. In layer 1
the northernmost cells are simulated as being dry, where there is in reality a shallow aquifer that
is interpreted to be perched over clayey gravels.
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Figure 9: Simulated groundwater head elevations in layer 2 of the model.

2. Modelled Stream Depletion Effects

The results of the transient model used to assess stream depletion affects are presented in Table 2
below. The stream depletion category was assessed in accordance with Appendix L.2 (Table L.2)
of the Proposed Southland Water and Land Plan.

Table 2: Modelled stream depletion effects

Bore Max Annual Max Mataura Mataura Waikaia Waikaia | Stream
flow volume pumping Stream Stream Stream Stream depletion
(L/s) (m3) period depletion | depletion | depletion | depletion | category
(days) * effect (%) effect effect (%) (L/s)
(L/s)
F44/0387 2.08 657,000 90 1.7 0.0 0.4 0.0 Low
F44/0388 121.53 682,500 65 2.2 2.6 0.2 0.2 Low
F44/0339 60 678,400 90 7.9 5.5 11.7 8.2 Moderate
F44/0359 70 506,000 84 7.9 5.6 10.9 7.6 Moderate
F44/0323 10 678,400 90 8.2 0.8 11.0 1.1 Low
F44/0228 80 565,422 82 5.6 4.5 3.6 2.9 Low
F44/0389 424.19 | 1,993,834 54 0.2 0.8 0.0 0.0 Low
F44/0390 60.19 380,744 73 7.4 4.5 10.7 6.4 Moderate
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Bore Max Annual Max Mataura Mataura Waikaia Waikaia | Stream
flow volume pumping Stream Stream Stream Stream depletion
(L/s) (m3) period depletion | depletion | depletion | depletion | category
(days) * effect (%) effect effect (%) (L/s)
(L/s)
FA4/0075 25 194,400 90 4.4 1.1 1.4 0.4 Low
F44/0406 120 957,000 90 4.4 5.3 1.4 1.7 Moderate
Note:

1. The time period of pumping at the maximum instantaneous rate that it takes to use total
annual volume, up to a maximum of 90 days.

The location of these abstraction bores are shown in Figure 10. It is noted that for those takes
that are relatively distant from the Waikaia and Mataura Rivers the model indicates a delayed
stream depletion effect such that the peak stream depletion effect occurs after abstraction has
ceased. For example, the stream depletion effect from bore F44/0389 is around 0.5% when
pumping ceases after 54 days, however the stream depletion effect peaks at just over 3% 365
days after the commencement of pumping (311 days after pumping ceases). In these cases, the
stream depletion may build cumulatively through time and may ultimately be greater than

estimated in Table 2.

Figure 10: Location of bores within the Garvie Aquifer.
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3. Conclusion and Recommendations

The memo describes the results of a groundwater model that seeks to represent the conceptual
model of the Garvie Aquifer. The intent of the model is to estimate the stream depletion effect
of current takes within the Garvie Aquifer whilst allowing for the geometry of the aquifer, which
cannot be accurately represented in analytical model that is typically used to estimated stream
depletion effects from pumping bores. All models are an approximation of real hydrogeological
conditions, however the parameters chosen here are considered to be similar to the approach
used for the analytical modelling of other groundwater takes.

The total stream depletion of those takes that are classified as ‘Moderate’ in Table 2 is 32 L/s.
Under the pSWLP, this effect will be included in the surface water allocation regime for the
Mataura catchment, but low flow restrictions would not be imposed on those takes.
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Appendix C: Mataura Allocation Stream Depletion Assessments

Groundwater Takes — Stream Depletion
Consent No. 302766

Current Stream Depletion Assessment

Well No. F44/0184
Easting (NZTM) 1267069
Northing (NZTM) 4911373
Max Daily Abstraction Volume (m?3) 6,221
Seasonal Volume (m3) 606,450
Assessed Stream Depletion (L/s) 19.2
Assessed Hydraulic Connection Moderate
Minimum Flow Cut-off 9 m3/s at Gore

Review Comments

= Take located in the Riversdale groundwater management zone.

= Production bore (F44/0184) located approximately 1,540 metres from the Mataura River.
= Historical water use close to consented annual volume during dry years.

= Consent holder agreed to shift 186,450 to the 13 band.

Revised Stream Depletion Assessment

Well No. F44/0184
Easting (NZTM) 1267069
Northing (NZTM) 4911737
Max Daily Abstraction Volume (m3) 6,221

Seasonal Volume (m3)

420,000 (9 band)
186,450 (13 band)

Max Rate of Take (I/s) 72
Stream Depletion (L/s) 13.3 (9 band), 5.9 (13 band)
Hydraulic Connection Moderate

Minimum Flow Cut-off

Partial 13 m3/s, rest at 9 m3/s.

Reduction in SD Effect from Reference (L/s)

0 overall (-5.9 /s in 9 band, +5.9 I/s in
13 band)

Groundwater Allocation (m3/year)

444,730 (based of total volume of 606,450)
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Consent No. 207215

Current Stream Depletion Assessment

Well No. F45/0549
Easting (NZTM) 1283484
Northing (NZTM) 4894262
Max Daily Abstraction Volume (m?3) 3,482
Seasonal Volume (m3) 313,020
Stream Depletion (L/s) 27.3

a/Q (%) 68
Hydraulic Connection High
Minimum Flow Cut-off 19 m3/s at Gore

Review Comments

= Take located in the Croydon groundwater management zone.
= Production bore (F45/0549) located approximately 390 metres from the Mataura River.
= Historical water approximately 70% of seasonal volume during dry years.
* No changes to consent given high minimum flow (19 m3/s).

Revised Stream Depletion Assessment

Well No. FA5/0549
Easting (NZTM) 1283484
Northing (NZTM) 4894262
Max Daily Abstraction Volume (m?3) 3,478
Seasonal Volume (m3) 313,020
Max Rate of Take (I/s) 40.3
Stream Depletion (L/s) 27.3
Hydraulic Connection High
Minimum Flow Cut-off 19 m3/s at Gore
Reduction in SD Effect from Reference (L/s) Unchanged

Groundwater Allocation (m3/year)

100,735.2 (based on max |/s of 40.3)
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Consent No. 20146367

Current Stream Depletion Assessment

Well No. F44/0201
Easting (NZTM) 1270702
Northing (NZTM) 4912580
Max Daily Abstraction Volume (m?3/day) 5,210
Seasonal Volume (m3) 430,000
Stream Depletion (L/s) 41.2

a/Q (%) 68
Hydraulic Connection High
Minimum Flow Cut-off 11 m3/s at Gore

Review Comments

= Take located in the Waipounamu groundwater management zone.
= Production bore (F44/0201) located approximately 790 metres from the Mataura River.
= Maximum historical water <40 percent of seasonal volume.

= Consent holder agreed to reduce seasonal volume to 362,500 m3.

Revised Stream Depletion Assessment

Well No. F44/0201

Easting (NZTM) 1270702

Northing (NZTM) 4912580

Max Daily Abstraction Volume (m?3) 5,214

Seasonal Volume (m3) 250,000 (200,000 to 11 band, 50,000 to
13 band)

Max Rate of Take (I/s) 60.3

Stream Depletion (L/s) 19.4 1/s to 11 band, <5L/s to 13 band.

Hydraulic Connection Moderate

Minimum Flow Cut-off Partial at 13 m3/s, rest at 11 m?/s.

Reduction in SD Effect from Reference (L/s) -17.0?

Groundwater Allocation (m3/year) 149,668.3
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Consent No. 206312

Reference Stream Depletion Assessment

Well No. E43/0046

Easting (NZTM) 1252741

Northing (NZTM) 4950028

Max Daily Abstraction Volume (m?3) 5,875

Seasonal Volume (m3) 633,750

Stream Depletion (L/s) 40.1

a/Q (%) 59

Hydraulic Connection Moderate

Minimum Flow Cut-off 5.5 m3/s at Parawa equivalent to
13 m3/s at Gore

Review Comments

= Take located in the Upper Mataura groundwater management zone.

= Production bore (E43/0046) located approximately 500 metres from Eyre Creek.

=  Maximum historical water <30 percent of seasonal volume.

= Consent holder proposed reduction in seasonal volume to 400,000 m3/year, in part to
facilitate transfer of allocation elsewhere in catchment.

Revised Stream Depletion Assessment

Well No. E43/0046
Easting (NZTM) 1252736
Northing (NZTM) 4950023
Max Daily Abstraction Volume (m?3) 5,875
Seasonal Volume (m3) 435,250
Max Rate of Take (I/s) 67.99
Stream Depletion (L/s) 38.1
Hydraulic Connection Moderate
Minimum Flow Cut-off 13 m3/s at Gore
Reduction in SD Effect from Reference (L/s) -2.0
Groundwater Allocation (m3/year) 180,556
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Consent No. 300869-V1

Reference Stream Depletion Assessment

Well No. F44/0026 F44/0113 F44/0206
Easting (NZTM) 1270337 1269374 1269550
Northing (NZTM) 4910703 4910745 4911428
Max Daily Abstraction Volume 5,132 2,281 6,843

(m?)

Seasonal Volume (m3) 315,000 140,000 420,000
Stream Depletion (L/s) 23.4 8.4 53.1

a/Q (%) 39 32 67
Hydraulic Connection Moderate Moderate High
Minimum Flow Cut-off Unrestricted Unrestricted 11 m3/s at Gore

Review Comments

= Take located in the Riversdale groundwater management zone.

= Production bore located approximately 920 (F44/0026), 1,090 (F44/0113) and 410
(F44/0206) metres from the Mataura River respectively.

=  Maximum historical water exceeds (current) seasonal volume.

=  Bore F44/0206 will be retired in favour of bore CE11/0081. Stream depletion effects
under the revised assessment allow for the new bore. The take from the new bore will
operate within the 13 cumec band.

Revised Stream Depletion Assessment

Well No. FA4/0026 FA4/0113 CE11/0081
Easting (NZTM) 1270337 1269325
Northing (NZTM) 4910703 4910754
Max Daily Abstraction Volume 5,098 5,184 7,862
(m?)
Seasonal Volume (m3) 458,784 456,560 707,616
Max Rate of Take (I/s) 59 60 91
Stream Depletion (L/s) 27.7 23.7 13.2
Hydraulic Connection Moderate Moderate Moderate
Minimum Flow Cut-off - - 13
Ez;:leurcetrl]céz (Ll/r;) SD Effect from 443 +153 39.9
Groundwater Allocation
(m3/year)
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Consent No. 20146901

Reference Stream Depletion Assessment

Well No. F45/0433
Easting (NZTM) 1274672
Northing (NZTM) 4902660
Max Daily Abstraction Volume (m?3) 5,270
Seasonal Volume (m3) 485,000
Stream Depletion (L/s) 38.8
a/Q (%) 64
Hydraulic Connection High

Minimum Flow Cut-off

11 m3/s at Gore

Review Comments

= Take located in the Riversdale groundwater management zone.
=  Production bore (F45/0433) located approximately 440 metres from the Meadow Burn
and 900 m from the Mataura River. Assessment of stream depletion undertaken for

Meadow Burn.

=  Maximum historical water ~80 percent of seasonal volume.
= Consent holder proposed reduction in seasonal volume to 400,000 m3/year, a reduction
of ~20 percent and a 45-day limit of 195,000 m3.

Revised Stream Depletion Assessment

Well No. F45/0433
Easting (NZTM) 1274672
Northing (NZTM) 4902660
Max Daily Abstraction Volume (m?3) 5,270

Seasonal Volume (m3) 400,000

Max Rate of Take (I/s)

50.3 (based on 45 day limit)

Stream Depletion (L/s)

31.9 (based on 45 day limit)

Hydraulic Connection

Moderate

Minimum Flow Cut-off

11 m3/s at Gore

Reduction in SD Effect from Reference

(L/s)

-6.9

Groundwater Allocation (m3/year)

190,785.4
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Consent No. 300942-V2

Reference Stream Depletion Assessment

Well No. F44/0059
Easting (NZTM) 1267911
Northing (NZTM) 4910551
Max Daily Abstraction Volume (m3) 5,184
Seasonal Volume (m3) 356,400
Stream Depletion (L/s) 5.5
a/Q (%) 9
Hydraulic Connection Moderate*
Minimum Flow Cut-off Unrestricted

* q/Q <30% of pumping rate but SD >5 L/s

Review Comments

= Take located in the Riversdale groundwater management zone.

=  Production bore (F44/0059) located approximately 1,920 metres from the Mataura River.

= Maximum historical water use close to existing seasonal allocation.

= Annual volume increased to 544,560 (associated with new bore for Consent No.
300869-V1. Additional annual volume put into 15 cumec band.

Revised Stream Depletion Assessment

Well No. F44/0059

Easting (NZTM) 1267911

Northing (NZTM) 4910551

Max Daily Abstraction Volume (m3) 5,184

Seasonal Volume (m3) 356,400 to unrestricted band,
188,160 to 15 band.

Max Rate of Take (I/s) 60

Stream Depletion (L/s) 5.5 (for unrestricted annual

volume) (Stream depletion in
15 cumec band is <5L/s)

Hydraulic Connection Moderate
Minimum Flow Cut-off Unrestricted
Reduction in SD Effect from Reference (L/s) 0

Groundwater Allocation (m3/year)
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Consent No. 20147481

Reference Stream Depletion Assessment

Well No. F44/0265
Easting (NZTM) 1271643
Northing (NZTM) 4908768
Max Daily Abstraction Volume (m3) 720
Seasonal Volume (m3) 59,400
Stream Depletion (L/s) 3.1
a/Q (%) 37*
Hydraulic Connection Moderate

Minimum Flow Cut-off

11 m3/s at Gore

* 9/Q >30% (Moderate) so take included as calculated effect >2 L/s

Review Comments

= Take located in the Riversdale groundwater management zone.

=  Production bore (F45/0265) located approximately 1,920 metres from the Mataura River.

=  Maximum historical water use approximately half of seasonal allocation.

= Amendments to consent not advanced given meaningful changes to calculated stream
depletion would require substantive reduction in seasonal volume (due to low rate of take

and g/Q less than 40%).

Revised Stream Depletion Assessment

Well No. FA4/0265
Easting (NZTM) 1271643
Northing (NZTM) 4908768
Max Daily Abstraction Volume (m?3) 720
Seasonal Volume (m3) 59,400
Max Rate of Take (I/s) 8.3
Stream Depletion (L/s) <5L/s
Hydraulic Connection Low
Minimum Flow Cut-off

Reduction in SD Effect from Reference

(L/s) -3.1
Groundwater Allocation (m3/year) 59,400
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Consent No. 20157592

Reference Stream Depletion Assessment

Well No. F44/0390
Easting (NZTM) 1270886
Northing (NZTM) 4915495
Max Daily Abstraction Volume (m3) 5,201
Seasonal Volume (m3) 380,744
Stream Depletion (L/s)* 6.4
a/Q (%) 11
Hydraulic Connection Moderate

Minimum Flow Cut-off

Unrestricted

* 9/Q <30% but take included in cumulative allocation as calculated effect >5 L/s

Review Comments

= Take located in the Wendonside groundwater management zone from the Garvie aquifer.
=  Production bore (F45/0265) located approximately 1,470 metres from the Waikaia River
and 3,700 metres from the Mataura River.

= Maximum historical water use approximately 60 percent of seasonal allocation.
= Stream depletion effect calculated using PDP numerical groundwater model.

* Consent holder agreed to reduce seasonal volume to 300,000 m3/year and a 45-day

volume of 165,000 m3 which reduces calculated stream depletion to <5 L/s.

Revised Stream Depletion Assessment

(L/s)

Well No. F44/0390

Easting (NZTM) 1270886

Northing (NZTM) 4915495

Max Daily Abstraction Volume (m3) 5,201

Seasonal Volume (m3) 300,000

Max Rate of Take (I/s) 42.4 (based on 45-day volume)
Stream Depletion (L/s) <5L/s

Hydraulic Connection Low

Minimum Flow Cut-off -

Reduction in SD Effect from Reference 6.4

Groundwater Allocation (m3/year)
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Consent No. 204330-V1

Reference Stream Depletion Assessment

Well No. F45/0463 F45/0576 F45/0795
Easting (NZTM) 1285995 1285919 1285967
Northing (NZTM) 4890305 4890425 4890387
Max Daily Abstraction Volume 2,151 0 2,851
(m3)

Seasonal Volume (m3) 784,750 0 1,040,250
Stream Depletion (L/s) 16.6 20.3
q/Q (%) 78 - 76
Hydraulic Connection High High
Minimum Flow Cut-off* Unrestricted Unrestricted

* Take is not subject to a low flow cut-off but has conditions requiring implementation of a water management plan at

low flows.

Review Comments

The GDC Coopers Wells take is located in the Knapdale groundwater management zone.
The Coopers Wells production bores are located 440 metres (F45/0463), 530 metres
(F45/0576) and 510 metres (F45/0795) from the Mataura River respectively. Calculated
stream depletion effects for all three bores are very similar (q/Q = 0.76 to 0.78).
FA5/0576 is a backup bore (stream depletion effect essentially the same as the remaining
two bores if used).

Maximum historical water use well below seasonal allocation.

Consent holder agreed to reduce seasonal daily abstraction limit to 7,000 m3/day (for both
Coopers Wells and Jacobstown combined), with a temporary reduction to 6,500 m3/day
(combined) until 1 September 2025.

Based on historical water use, the assessment assumes two-thirds of total GDC
abstraction occurs from Coopers Wells, with remaining third from Jacobstown. This
equates to a maximum abstraction of 4,669 m3/day from Coopers Wells (long-term) and
4,336 m3/day until 1 September 2025.

Revised Stream Depletion Assessment

GDC has agreed to a 28-day volume for the consent, which enables pumping at the peak
rate over 28 days.

The stream depletion assessment for the Coopers and Jacobstown supplies is therefore
based on 28 days pumping, as per Appendix L.2 of the Water and Land Plan, where the
effect is calculated over the maximum period allowed by the seasonal volume in
circumstances where the seasonal volume limits maximum rate abstraction to a period of
less than 90 days.
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Reference (L/s)

Well No. F45/0463 F45/0576 F45/0795
Easting (NZTM) 1285995 1285919 1285967
Northing (NZTM) 4890305 4890425 4890387
Max Daily Abstraction Rate (m?3) 2,108.2 - 4,924.8
Annual volume 479,063 1,117,813
28-day Seasonal Volume (m?3) 59,063 - 137,813
Max Rate of Take (I/s) 24.4 - 57
Stream Depletion (L/s) 10.8 - 21.0
Hydraulic Connection High - High
Minimum Flow Cut-off* - - -
Reduction in SD Effect from 8.6 i 3

Groundwater Allocation
(m3/year)

* Take is not subject to a low flow cut-off but has conditions requiring implementation of a water management plan at

low flows.
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Consent No. 99197

Reference Stream Depletion Assessment

Well No. FA45/0555 FA45/0806
Easting (NZTM) 1286378 1286450
Northing (NZTM) 4888564 4888564
Max Daily Volume (m3) 1,503 1,503
Seasonal Volume (m3) 547,500 547,500
Stream Depletion (L/s) 13.8 14.6
a/Q (%) 79 83
Hydraulic Connection High High
Minimum Flow Cut-off* Unrestricted Unrestricted

* Take is not subject to a low flow cut-off but has conditions requiring implementation of a water management plan at
low flows.

Review Comments

The Jacobstown take is located in the Croydon groundwater management zone.

The Jacobstown production bores are located 245 metres (F45/0555) and 180 metres
(F45/0806 from the Mataura River respectively.

Maximum historical water use well below seasonal allocation.

Consent holder agreed to reduce seasonal daily abstraction limit to 7,000 m3/day (for both
Coopers Wells and Jacobstown combined), with a temporary reduction to 6,500 m3/day
(combined) until 1 September 2025.

Based on historical water use, the assessment assumes one-third of total consent holder’s
abstraction occurs from the Jacobstown bores, with the remaining two-thirds from
Coopers Wells. This equates to a maximum daily rate of abstraction of 2,331 m3/day
abstraction from the Jacobstown bores (long-term) and 2,165 m3/day until 1 September
2025.

The stream depletion effect for the takes is calculated over a 90-day period of continuous
abstraction (as per pSWLP Appendix L.2), rather than based on the full (365-day) annual
volume. For Jacobstown this equates to a 90-day volume of 209,790 m? (long-term) and
194,850 m3 until 1 September 2025.

Based on historical water use, the assessment equal duty for both production bores
(104,895 m3/90-day long term and 97,425 m3/90-day until 1 September 2025).

Revised Stream Depletion Assessment

The consent holder has agreed to a 28-day volume for the consent, which enables
pumping at the peak rate over 28 days.

The stream depletion assessment for the Coopers and Jacobstown supplies is therefore
based on 28 days pumping, as per Appendix L.2 of the Water and Land Plan, where the
effect is calculated over the maximum period allowed by the seasonal volume in
circumstances where the seasonal volume limits maximum rate abstraction to a period of
less than 90 days.
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Well No. FA45/0555 FA45/0806
Easting (NZTM) 1286378 1286450
Northing (NZTM) 4888564 4888564
Max Daily Abstraction Rate (m?3) 2,850 150
Annual volume 910,219 47,906
28 day seasonal Volume (m3) 112,219 5,906
Max Rate of Take (I/s) 46.4 1.5
Stream Depletion (L/s) 29.8 1.1
Hydraulic Connection Moderate Moderate
Minimum Flow Cut-off Unrestricted* Unrestricted*
Qgseurzt:zz (L}Z) SD Effect from 16 +133
Groundwater Allocation (m3/year

* Take is not subject to a low flow cut-off but has conditions requiring implementation of a water management plan at
low flows.

Calculation of Stream Depletion Effects in the Mataura Catchment above Gore Page 70



Consent No. 20146808

Reference Stream Depletion Assessment

Well No. E44/0547 E44/0548
Easting (NZTM) 1248082 1248871
Northing (NZTM) 4917600 4916473
Max Daily Abstraction Volume (m3) 3,000 2,000
Seasonal Volume (m3) 262,500 175,000
Stream Depletion (L/s) - 5.1%
a/Q (%) - 22
Hydraulic Connection Low Moderate
Minimum Flow Cut-off Unrestricted Unrestricted

* 9/Q <30% but take included in cumulative allocation as calculated effect >5 L/s

Review Comments

= Take located in the Waimea Plains groundwater management zone.

= Production bores located 2,050 metres (F44/0548) and 740 metres (F45/0548) from the
Fox’s Creek respectively.

= F44/0548 classified as having a Low degree of hydraulic connection (i.e., q/Q <0.3 and
calculated stream depletion <5 L/s) while F44/0548 classified as having a Moderate
hydraulic connection (i.e., q/Q <0.3 but calculated stream depletion >5 L/s).

= Consent holder agreed to reduce seasonal volume for F45/0548 to 173,000 m3/year which
reduces calculated stream depletion no greater than 5 L/s.

Revised Stream Depletion Assessment

Well No. E44/0547 E44/0548
Easting (NZTM) 1248082 1248871
Northing (NZTM) 4917600 4916473
Max Daily Abstraction Volume (m?3) 3,000 2,000
Seasonal Volume (m3) 262,500 175,000
Max Rate of Take (I/s)

Stream Depletion (L/s) <51L/s <5L/s
Hydraulic Connection Low Low
Minimum Flow Cut-off Unrestricted Unrestricted
Reduction in SD Effect from

Reference (L/s) i =1
Groundwater Allocation (m3/year) 262,500 175,000
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Consent No. 20136240-V1

Reference Stream Depletion Assessment

Well No. F44/0193 F44/0363 F44/0432
Easting (NZTM) 1275561 1274696 1274998
Northing (NZTM) 4909333 4910876 4910459
Max Daily Abstraction Volume 720 3,227 3,227
(m3)

Seasonal Volume (m3) 59,400 267,300 267,300
Stream Depletion (L/s) - 26.2 29.1
q/Q (%) - 80 100
Hydraulic Connection Low High Direct
Minimum Flow Cut-off Unrestricted Unrestricted Unrestricted

Review Comments

= F44/0363 and F44/0432 operate in series to supply a centre pivot at a maximum rate of

75 L/s. F44/0193 supplies a separate K-Line system.

FA4/0363 and F44/0432 are both shallow bores (<6 m deep) located within 500 metres of
the Mataura River. F44/0193 is screened in a deeper, semi-confined water-bearing layer.
Given both F44/0363 and F44/0432 operate in series and both have a high or direct
hydraulic connection to the Mataura River, a pragmatic approach is adopted to effectively
manage both bores as if they have a direct hydraulic connection equal to the combined
pumping rate supplied to the centre pivot.

Based on aquifer test data, F44/0193 is assessed as having a Low hydraulic connection so
excluded from consideration of cumulative allocation.

Revised stream depletion assessment

The seasonal volume from bore F44/0193 has been increased to 123,552 m? at a rate of
20 L/s, split across the existing unrestricted band and the 15 cumec band.

The take from bores F44/0363 and F44/0432 is treated as a surface water take, at rates
up to 75 L/s, split across the unrestricted band and the 15 cumec band.

Well No. F44/0193 F44/0363 F44/0432
Easting (NZTM) 1275561 1274696 1274998
Northing (NZTM) 4909333 4910876 4910459
Max Daily Abstraction Volume 717.12 5,357
(m?)
Seasonal Volume (m3) 123,552 (95,040 534,600
unrestricted,
28,512 in 15 cumec
band)
Max Rate of Take (I/s) 20 75
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Stream Depletion (L/s)

6.9 unrestricted (<
5L/sin 15 cumec
band)

29 L/s (each bore) unrestricted and
8.4 (each bore) in the 15 cumec
band

Hydraulic Connection

Moderate

Direct (treated as surface water)

Minimum Flow Cut-off

Reduction in SD Effect from
Reference (L/s)

Groundwater Allocation
(m3/year)
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Consent No. 20146373-V1

Reference Stream Depletion Assessment

Well No. F44/0218
Easting (NZTM) 1272068
Northing (NZTM) 4909883
Max Daily Abstraction Volume (m3) 4,320
Seasonal Volume (m3) 348,075
Stream Depletion (L/s) 24.5

a/Q (%) 49
Hydraulic Connection Moderate
Minimum Flow Cut-off 9 m3/s at Gore

Review Comments

= Take located in the Riversdale groundwater management zone.

= Production bore (F44/0218) located approximately 980 metres from the Mataura River.
=  Maximum historical water use close to seasonal allocation during dry seasons.

=  Amendments to consent not advanced at the initial stage as reduction in seasonal volume

would impact reliability of supply.

Revised Stream Depletion Assessment

Well No. F44/0218

Easting (NZTM) 1272068

Northing (NZTM) 4909883

Max Daily Abstraction Volume (m?3) 4,320

Seasonal Volume (m3) 348,075

Max Rate of Take (I/s) 55

Stream Depletion (L/s) 21.73 (16.18 1/s to 9 band, 5.55 /s to 13 band)

Hydraulic Connection Moderate

Minimum Flow Cut-off 9 m3/s at Gore (for 259,200 m3, 13 m3/s for
88,875 m3).

(RLe/zl)uctlon in SD Effect from Reference 2.771/s

Groundwater Allocation (m3/year) 196,801.61
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Consent No. 20147096

Reference Stream Depletion Assessment

Well No. F45/0419 F45/0420
Easting (NZTM) 12774429 1273633
Northing (NZTM) 4903448 4905226
Max Daily Abstraction Volume (m?3) 4,555 4,555
Seasonal Volume (m3) 408,000 408,000
Stream Depletion (L/s) 37.6 40.3
a/Q (%) 71 76
Hydraulic Connection High High

Minimum Flow Cut-off

9 m3/s at Gore

9 m3/s at Gore

Review Comments

= Take located in the Riversdale groundwater management zone.

=  Production bores located both located 250 metres from the Meadow Burn.

= Historical water use data of variable quality.

= Consent Holder agreed to shift 25 percent of allocation to 15 m3/s cut-off band at Gore,
25% to 13 m3/s cut-off band, with the balance of allocation remaining at 9 m3/s cut-off.

= Calculation of revised Stream Depletion based on calculate depletion effect of the

equivalent seasonal allocation volume at each cut-off step.

Revised Stream Depletion Assessment

Well No. FA5/0419 FA5/0420
Easting (NZTM) 1266937 1273458
Northing (NZTM) 4917830 4923061
Max Rate of Take (I/s) 52.7199 52.7199
Max Daily Abstraction Volume (m?3) 4,555 4,555
Seasonal Volume (m3) at 15 m3/s cut-off 39,369 39,369
Seasonal Volume (m3) at 13 m3/s cut-off 118,106.5 118,106.5
Seasonal Volume (m3) at 9 m3/s cut-off 250,525 250,525
Stream Depletion at 15 m3/s cut-off (L/s) <5L/s <51L/s
Stream Depletion at 13 m3/s cut-off (L/s) 10.8 11.5
Stream Depletion at 9 m3/s cut-off (L/s) 22.96 24.32
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Hydraulic Connection High High

Minimum Flow Cut-off* 9, 13, 15 m3/s at Gore 9, 13, 15 m3/s at Gore
Reduction in SD Effect from Reference -0.19 014

(L/s)

Groundwater Allocation (m3/year) 118,512.6 101583.9

* Total stream depletion unchanged but 19.2 L/s shifted to 13 m3/s cut-off and an equivalent amount to 15 m3/s cut-
off
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Consent No. 300199

Reference Stream Depletion Assessment

Well No. F45/0402
Easting (NZTM) 1274918
Northing (NZTM) 4901651
Max Daily Abstraction Volume (m?3) 6,221
Seasonal Volume (m3) 560,000
Stream Depletion (L/s) 23.1
a/Q (%) 32
Hydraulic Connection Moderate

Minimum Flow Cut-off

Unrestricted

Review Comments

= Take located in the Riversdale groundwater management zone.

=  Production bore (F44/0402) located approximately 1,000 metres from the Mataura River.

= Consent holder agreed to reduce seasonal volume to 420,000 m3.

= Duetorelatively low hydraulic connection (q/Q = 0.32) relatively large changes in seasonal

volume only result in modest changes to calculated stream depletion.

Revised Stream Depletion Assessment

Well No. FA5/0402

Easting (NZTM) 1265658

Northing (NZTM) 4924267

Max Daily Abstraction Volume (m?3) 6220

Seasonal Volume (m3) 420,000

Max Rate of Take (I/s) 72

Stream Depletion (L/s) 25.44 |/s 45-day (29.6 I/s
full SD)

Hydraulic Connection Moderate

Minimum Flow Cut-off

Unrestricted

Reduction in SD Effect from Reference

(L/s)

+2.34 /s (45-day)

Groundwater Allocation (m3/year)

272,271.57
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Consent No. 300781

Reference Stream Depletion Assessment

Minimum Flow Cut-off F44/0183 F44/0223
Easting (NZTM) 1267037 1267505
Northing (NZTM) 4911241 4912581
Max Daily Abstraction Volume (m3) 3,468 2,837
Seasonal Volume (m3) 338,250 276,750
Stream Depletion (L/s) 6.6 14.8

a/Q (%) 16 45
Hydraulic Connection Moderate Moderate
Minimum Flow Cut-off Unrestricted 11 m3/s at Gore

Review Comments

= Take located in the Riversdale groundwater management zone.
= Production bores located 1,900 metres (F44/0183) and 900 metres (F44/0223) from the
Mataura River respectively.
= Consent holder agreed to:
- reduce seasonal volume for F44/0183 to 304,525 m3/year and
- reduce seasonal volume for F44/0223 by 15 percent to 249,075 m3 and shift 55%
of the allocation to 13 m?/s cut-off band.

Revised Stream Depletion Assessment

Well No. FA4/0183 FA4/0223

Easting (NZTM) 1267034 1267505

Northing (NZTM) 4911239 4912581

Max Daily Abstraction Volume (m3) 3,467.75 2837.25

Seasonal Volume (m3) 304,425 249,075

Max Rate of Take (I/s) 40.14 /s 32.84 /s

Stream Depletion (L/s) 6.41/s 6.7 1/s (11 band), 8.0
(13 band)

Hydraulic Connection Moderate Moderate

Minimum Flow Cut-off Unrestricted 13 m3/s at Gore (135,584 m?3)

and 11 m3/s (113,491 m?3)
g:;:leurztrl]céz (L}:) SD Effect from 0.231/s 0.21/s
Groundwater Allocation (m3/year) 256,109.6 m3 138,336.4 m?
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Consent No. 20158314

Reference Stream Depletion Assessment

Well No. F45/0422 F45/0426 F45/0434
Easting (NZTM) 1279587 1278632 1279441
Northing (NZTM) 4899969 4899451 4899616
Max Daily Abstraction Volume 665 3,326 2,177
(m?)

Seasonal Volume (m3) 52,800 254,400 172,800
Stream Depletion (L/s) - 8.2 -
a/Q (%) - 21 -
Hydraulic Connection Low Moderate Low
Minimum Flow Cut-off 11 m3/s at Gore

Review Comments

= Take located in the Knapdale groundwater management zone.

=  Production bores located 1,460 metres (F44/0422), 2,180 metres (F44/0434) and
2,330 metres (F44/0422) from the Mataura River respectively.

= FA44/0422 and F44/0434 assessed as having a Low degree of hydraulic connection (i.e. q/Q
<0.3 and calculated stream depletion <5 L/s). F44/0426 assessed as having a Moderate
hydraulic connection (i.e. q/Q <0.3 but calculated stream depletion >5 L/s)

= Consent holder amended seasonal volumes for F45/0426 and F45/0434 slightly and
agreed to shift 50 percent of allocation from F45.

Revised Stream Depletion Assessment

Well No. F45/0422 F45/0426 F45/0434
Easting (NZTM) 1279596 1278632 1279441
Northing (NZTM) 4899976 4899451 4899616
Max Daily Abstraction Volume 806.4 3,830.4 1,411.2
(m?)

Seasonal Volume unrestricted 64,000 - 112,000
(m?)

Seasonal Volume at 11 m3/s cut- 152,000

off (m?)

Seasonal Volume at 13 m3/s cut- 152,000

off (m3)

Max Rate of Take (I/s) 81/s 381/s 14
Stream Depletion unrestricted <5L/s <5L/s
(L/s)

Stream Depletion at 11 m3/s cut- - <5L/s -

off (L/s)

Stream Depletion at 13 m3/s cut- - <5L/s -
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off (L/s)
Hydraulic Connection Low Moderate Low
3
Minimum Flow Cut-off Unrestricted 11and 13 m/s Unrestricted
at Gore
Reduction in SD Effect from i " i
Reference (L/s)
Groundwater Allocation 63,999.84 236,520.5 111,999.8
(m?/year)
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Consent No. 20181243

Current Stream Depletion Assessment

Well No. F45/0529
Easting (NZTM) 1282799
Northing (NZTM) 4894690
Max Daily Abstraction Volume (m?3) 3,060
Seasonal Volume (m3) 267,750
Stream Depletion (L/s) 20.1
a/Q (%) 57
Hydraulic Connection Moderate

Minimum Flow Cut-off

15 m3/s at Gore

Review Comments

= Take located in the Croydon groundwater management zone.

=  Production bore (F44/0529) located approximately 640 metres from the Mataura River.

= Historical water approaching 90 percent of seasonal volume during dry years.

=  Anew bore has been added (CF12/5071) which is located within 50 m of the existing bore
and is a similar depth. Stream depletion effects are the same for each bore and the effects
are allocated proportionally according to the seasonal volume for each bore.

Revised Stream Depletion Assessment

Well No. FA5/0529 CF12/5071
Easting (NZTM) 1282799

Northing (NZTM) 4894690

Max Daily Abstraction Volume (m3) 3,060

Seasonal Volume (m3) 144,565 123,165
Max Rate of Take (I/s) 35.4 35.4
Stream Depletion (L/s) 10.9 9.3
Hydraulic Connection Moderate Moderate
Minimum Flow Cut-off 15 m3/s at Gore 15 m3/s
g:;:leurztrl]céz (L}:) SD Effect from +0.0337 I/

Groundwater Allocation (m3/year) 115,794
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Consent No. 20157812

Current Stream Depletion Assessment

Well No. FA5/0424 F45/0525
Easting (NZTM) 1281696 1281703
Northing (NZTM) 4895223 4895401
Max Daily Abstraction Volume (m?3) 1,642 1,296
Seasonal Volume (m3) 147,250 116,250
Stream Depletion (L/s) 9.8 8.8

a/Q (%) 52 59
Hydraulic Connection Moderate Moderate
Minimum Flow Cut-off 11 m3/s at Gore 11 m3/s at Gore

Review Comments

= Take located in the Croydon groundwater management zone.
= Production bores located 695 metres (F44/0424) and 560 metres (F45/525) from the

Mataura River respectively.

= Historical water approaching seasonal volume during dry years.
= Consent holder offered 2 percent reduction in seasonal volume across both production

bores.

= A new bore has also been drilled (CF12/5069) and the annual volume will be split across

the 11 and 13 cumec flow bands.

Revised Stream Depletion Assessment

Well No. FA5/0424 FA5/0525 CF12/5069
Easting (NZTM) 1281696 1281703

Northing (NZTM) 4895223 4895401

Max Daily Abstraction Volume (m3) 1,382.4 604.8 1,728
Seasonal Volume (m3) 11 m3/s band 65,581 28,692 81,977
Seasonal Volume (m?3) 13 m3/s band 32,465 - 40,581
Max Rate of Take (I/s) 16 7 20
Stream Depletion (L/s) 11 m3/s band 5.1 <5L/s 6.8
Stream Depletion (L/s) 13 m3/s band <5L/s - <5L/s
Hydraulic Connection Moderate Moderate Moderate
Reduction in SD Effect from Reference

(L/s)

Groundwater Allocation (m3/year)
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Consent No. 301359

Reference Stream Depletion Assessment

Well No. F44/0080
Easting (NZTM) 1273061
Northing (NZTM) 4908575
Max Daily Abstraction Volume (m3) 6,048
Seasonal Volume (m3) 589,875
Stream Depletion (L/s) 24.4
a/Q (%) 35
Hydraulic Connection Moderate

Minimum Flow Cut-off

9 m3/s at Gore

Review Comments

= Take located in the Riversdale groundwater management zone.

= Production bore (F44/0080) located approximately 1,800 metres from the Mataura River

to the north and 800 metres from an un-named spring-fed tributary to the south.
=  Maximum historical water ~90 percent of seasonal allocation during dry seasons.

= Due to relatively low hydraulic connection significant amendments to seasonal volume
required to change the magnitude of calculated depletion.
= Consent contains a split minimum flow (9 m3/s and 13 m3/s at Gore) not incorporated into

reference assessment.

Revised Stream Depletion Assessment

Well No. F44/0080
Easting (NZTM) 1273061
Northing (NZTM) 4908575
Max Daily Abstraction Volume (m?3) 6048
Seasonal Volume (m3) (9 m3/s band) 332,640
Seasonal Volume (m3) (13 m3/s band) 257,235
Max Rate of Take (I/s) 70
Stream Depletion (L/s) (9 m3/s band) 11.2
Stream Depletion (L/s) (13 m3/s band) 8.7
Hydraulic Connection Moderate
Reduction in SD Effect from Reference (L/s) -4.48 /s
Groundwater Allocation (m3/year) 422,041.2
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Consent No. 302630-01

Reference Stream Depletion Assessment

Well No. F44/0359
Easting (NZTM) 1270623
Northing (NZTM) 4915316
Max Daily Abstraction Volume (m3) 6,048
Seasonal Volume (m3) 506,000
Stream Depletion (L/s) 13.2
a/Q (%) 19
Hydraulic Connection Moderate
Minimum Flow Cut-off Unrestricted

Review Comments

= Take located in the Wendonside groundwater management zone.

= Production bore (F44/0359) located approximately 1,720 metres from the Waikaia River
and 2,940 metres from the Mataura River.

= Production bore screened in a semi-confined aquifer.

= Historical water use data variable quality.

= Stream Depletion effects assessed using PDP numerical groundwater model. Calculated
stream depletion is the sum of effects in the Waikaia River (7.6 L/s) and Mataura River
(5.6 L/s)

=  Annual volume reduction and Garvie aquifer take. Note that the stream depletion on this
take reduces because the effects on the Waikawa Stream drops to less than 5 L/s.

Revised Stream Depletion Assessment

Well No. FA4/0359
Max Daily Abstraction Volume (m3) 6,048
Seasonal Volume (m3) 455,400
Stream Depletion (L/s) 6.3
Hydraulic Connection Moderate
Minimum Flow Cut-off Unrestricted
Reduction in SD Effect from Reference (L/s) -
Groundwater Allocation (m3/year) 410,541
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Consent No. 300911

Reference Stream Depletion Assessment

Well No. F44/0323 F44/0339
Easting (NZTM) 1270475 1270879
Northing (NZTM) 4915344 4915380
Max Daily Abstraction Volume (m3) 3,024 3,024
Seasonal Volume (m3) 339,200 339,200
Stream Depletion (L/s) - 7*

a/Q (%) - 20
Hydraulic Connection Low Moderate
Minimum Flow Cut-off Unrestricted Unrestricted

* 9/Q <30% but take included in cumulative allocation as calculated effect >5 L/s

Review Comments

= Take located in the Wendonside groundwater management zone.

= Production bore (F44/0323) located approximately 1,870 metres from the Waikaia River
and 2,860 metres from the Mataura River. F44/0339 located 1,480 metres from the
Waikaia River and 3,210 metres from the Mataura River.

=  Production bore screened in the Garvie aquifer.

= Historical water use data variable quality.

= Stream Depletion effects assessed using PDP numerical groundwater model. Calculated
stream depletion is the sum of effects in the Waikaia River and Mataura River and
assumes a pumping rate of 60 L/s from bore 0339 and 10 L/s from 0323.

Revised Stream Depletion Assessment

New bore to be drilled — stream depletion effect drops to 0 because effect drops to less than 5 L/s
provided the average rate from the new bore is < 40L/s.

Well No. F44/0323 F44/0339 New bore
Max Daily Abstraction Volume (m?3) To be retired 3,024 < 3,456
Seasonal Volume (m3) 339,200 339,200
Stream Depletion (L/s) <5L/s <51L/s
Hydraulic Connection Moderate Moderate

Minimum Flow Cut-off

Unrestricted

Unrestricted

Reduction in SD Effect from Reference 7
(L/s)
Groundwater Allocation (m3/year) 339,200 339,200
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Consent No. 207373

Reference Stream Depletion Assessment

Well No. E44/0441
Easting (NZTM) 1255422
Northing (NZTM) 4909841
Max Daily Abstraction Volume (m3) 4,752
Seasonal Volume (m3) 520,000
Stream Depletion (L/s)* 7.6
a/Q (%) 14
Hydraulic Connection Moderate*

Minimum Flow Cut-off

Unrestricted

* q/Q <30% but take included in cumulative allocation as calculated effect >5 L/s

Review Comments

= Take located in the Waimea Plains groundwater management zone.

= Production bore (E44/0441) located approximately 1,000 metres from a (un-named)

tributary of the Waimea Stream.

=  Maximum historical water use approximately 30 percent of seasonal allocation.

= Note change in stream depletion after standardised parameters were applied to this

consent.

Revised Stream Depletion Assessment

Well No. E44/0441
Easting (NZTM) 1255422
Northing (NZTM) 4909841
Max Daily Abstraction Volume (m3) 4,752
Seasonal Volume (m3) 520,000
Max Rate of Take (I/s) 55
Stream Depletion (L/s) <5L/s
Hydraulic Connection Low
Minimum Flow Cut-off N/A
Reduction in SD Effect from Reference

(L/s) -7.6
Groundwater Allocation (m3/year) 340,000
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Consent No. 20171135

Current Stream Depletion Assessment

Well No. E43/0020 E43/0045
Easting (NZTM) 1252136 1252426
Northing (NZTM) 4950119 4950092
Max Daily Abstraction Volume (m?3) 6,910 4,313
Seasonal Volume (m3) 499,056 311,494
Stream Depletion (L/s) 29.1 12.3
a/Q (%) 36 25
Hydraulic Connection Moderate Moderate

Minimum Flow Cut-off

Unrestricted

5 m3/s at Parawa
equivalent to 11 m3/s at
Gore

Review Comments

= Take located in the Upper Mataura groundwater management zone.
= Production bores located 1,080 metres (E43/0020) and 830 metres (E44/0045) from Eyre

Creek Respectively.

= Historical water use significantly below seasonal volume.

= Consent Holder agreed to reduce seasonal allocation to 425,000 m? for E43/0020 and
125,000 m3 for E43/0045 to facilitate transfer elsewhere in catchment.

Revised Stream Depletion Assessment

Well No. E43/0020 E43/0045
Easting (NZTM) 1252136 1252426
Northing (NZTM) 4950119 4950092
Max Daily Abstraction Volume (m3) 6,912 4,311.4
Seasonal Volume (m3) 670,000 135,550
Max Rate of Take (I/s) 801/s 49.92 1/s
Stream Depletion (L/s) 29.1 12.3
Hydraulic Connection Moderate Moderate

Minimum Flow Cut-off

Unrestricted

11 m3/s at Gore

Reduction in SD Effect from
Reference (L/s)

-0.69

Groundwater Allocation (m3/year)

304,863.4

95,920
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Consent No. 20181529

Reference Stream Depletion Assessment

Well No. F44/0138
Easting (NZTM) 1263521
Northing (NZTM) 4918555
Max Daily Abstraction Volume (m?3) 7,966
Seasonal Volume (m3) 499,830
Stream Depletion (L/s) 55.4
a/Q (%) 60
Hydraulic Connection High

Minimum Flow Cut-off

18 m3/s at Gore

Review Comments

= Take located in the Waipounamu groundwater management zone.
=  Production bores located 1,280 metres from the Mataura River.

»  Consent subject to high minimum flow (18 m3/s).

Revised Stream Depletion Assessment

Well No. F44/0138
Easting (NZTM) 1263521
Northing (NZTM) 4918555
Max Daily Abstraction Volume (m?3) 7965
Seasonal Volume (m3) 499,830
Max Rate of Take (I/s) 92.191/s
Stream Depletion (L/s) 24.59
Hydraulic Connection Moderate

Minimum Flow Cut-off

15 m3/s at Gore

Reduction in SD Effect from Reference

(L/s)

-30.81

Groundwater Allocation (m3/year)

366486.4 m®
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Consent No. 302175

Reference Stream Depletion Assessment

Well No. F44/0198
Easting (NZTM) 1271743
Northing (NZTM) 4911759
Max Daily Abstraction Volume (m3) 5,616
Seasonal Volume (m3) 462,000
Stream Depletion (L/s) 52.4
a/Q (%) 81
Hydraulic Connection High

Minimum Flow Cut-off

11 m3/s at Gore

Review Comments

= Take located in the Waipounamu groundwater management zone.

= Production bore (F44/0198) located approximately 210 metres from the Mataura River.

=  Maximum historical water use approximately 93 percent of seasonal allocation.

= Consent holder agreed to reduce seasonal volume to highest recorded seasonal usage of
430,935 m?® and include 45-day volume of 224,640 m3.

Revised Stream Depletion Assessment

Well No. F44/0198

Easting (NZTM) 1271743

Northing (NZTM) 4911759

Max Daily Abstraction Volume (m?3) 5,616 (65 L/s)

Seasonal Volume (m3) 430,835

45 day volume 224,640

Max Rate of Take (I/s) 57.8 (average under
45 day limit)

Stream Depletion (L/s) 45.72

Hydraulic Connection High

Minimum Flow Cut-off

11 m3/s at Gore

Reduction in SD Effect from Reference

(L/s)

-6.68

Groundwater Allocation (m3/year)

127803.6 m?
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Consent No. 302313

Current Stream Depletion Assessment

Well No. F44/0217 F44/0198
Easting (NZTM) 1272451 1271743
Northing (NZTM) 4911476 4911759
Max Daily Abstraction Volume (m?3) 3,871 2,753
Seasonal Volume (m3) 320,260 227,740
Stream Depletion (L/s) 34.3 25.7

a/Q (%) 77 81
Hydraulic Connection High High
Minimum Flow Cut-off 11 m3/s at Gore 11 m3/s at Gore

Review Comments

Take located in the Waipounamu groundwater management zone.
Production bores located 210 metres (F44/0217) and 465 metres (F44/0198) from the
Mataura River.
Consent holder drilled a new bore CE11/0070 to replace part of existing take. CE11/0070
is located approximately 850 metres from the Waikaia River and 1,160 metres from the
Mataura River. The bore is screened in a semi-confined aquifer between 49.7 and
52.7 metres below ground level (bgl).
An aquifer test undertaken on CE11/0070 yielded a good fit to the Hunt and Scott solution
for the following aquifer hydraulic properties®:

- T=120m?/day

- $=0.0007

- K'/B’=0.013

- §,=02
To= 1,000 m?/day
The revised stream depletion assessment is based on abstraction from CE11/0070 at rate
of 3,110 m3/day up to a seasonal volume of 256,208 m3. The balance of abstraction
3,542 m3/day and 291,792 m?3/year is assumed to the two existing production bores
(F44/0198 and F44/0217).
FA4/0198 has a maximum yield of 31.9 L/s (in addition to 54.2 L/s supplied to 302175),
whereas F44/0217 has a yield of >41 L/s and is operated solely by Consent No. 302313.
For the purposes of the assessment assume all abstraction occurs from F44/0217 with
FA4/0198 utilised as a back-up only.

8 Although relatively insensitive to S, and To the preferred solution is consistent with unconfined aquifer and
transmissivity values utilised for assessment of unconfined abstraction in the Riversdale/Wendonside Terrace area.
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Revised Stream Depletion Assessment

Note that the stream depletion effect from CE11/0070 was calculated outside the spreadsheet
and allows for the specific hydrogeological setting of the bore.

(L/s)

Well No. FA4/0198 FA4/0217 CE11/0070
Easting (NZTM) 1271743 1272451 1271693
Northing (NZTM) 4911759 4911476 4912586
Max Daily Abstraction Volume (m3) - 3,514 3,110
Seasonal Volume (m3) - 291,792 256,208
Max Rate of Take (I/s) 40.63 36.03
Stream Depletion (L/s) - 28.13 19.8
Hydraulic Connection High High Moderate
Minimum Flow Cut-off 11 m3/s at 11 m3/s at Unrestricted
Gore Gore
Reduction in SD Effect from Reference 163

Groundwater Allocation (m3/year)

‘ 89,772.1 m? ‘ 115,298 m?
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Surface Water Allocation

Surface water takes from the protected waters are included in cumulative allocation upstream of
Gore on the basis of the maximum instantaneous abstraction rate specified in consent conditions.

Amendments to consents

Rates of abstraction for two water permits were amended from those utilised for the reference
stream depletion assessment as follows:

Consent No. 20158317

=  Water for this consent is abstracted from a pond which is primarily replenished by
groundwater inflow.

=  The pond naturally discharges via a small stream to the Mataura River.

= Thereduction in pond outflow due to pumping is assumed to equal the rate of abstraction
(i.e. buffering by pond storage is excluded).

= Consent holder agreed to reduce maximum instantaneous rate of abstraction to 8 L/s.

» Take subject to a minimum flow of 5 m3/s at Parawa (equivalent to 11 m3/s at Gore).

Consent No. 202102

= Take is from a shallow gallery adjacent to the Mataura River. Fits within classification of
Riparian groundwater take in Appendix L.2 of the pSWLP.

= Consent Holder agreed to reduce maximum abstraction rate from 30.0 L/s to 25.0 L/s.

= Take is unrestricted.

No amendments were made to remaining surface water takes, other than those for Consent No.
20136240-V1 which are discussed above. Abstraction rates and minimum flows for surface water
takes are listed in the table below.

Consent Reference Revised Minimum Flow Cut-off
Abstraction Rate | Abstraction Rate | (m3/s)
(L/s) (L/s)
201629 5.0 5.0 19 m3/s at Gore
20158306-02 2.0 2.0 Unrestricted
204573-V2 10.0 10.0 13 m3/s at Gore
20169683-02 3.0 3.0 Unrestricted
20158317-V1 25.0 8.0 11 m3/s at Gore
202102 30.0 25.0 Unrestricted
20202058-01 0.9 0.9 21 m3/s at Gore
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Consent Reference Revised Minimum Flow Cut-off
Abstraction Rate | Abstraction Rate | (m3/s)
(L/s) (L/s)
20202058-01 45.0 45.0 45 m3/s at Gore
300921 0.9 0.9 Unrestricted
Permitted Take 80.0 17.0 Unrestricted
Allowance
20136240-V1 37.5 29 Unrestricted
8.4 15
20136240-V1 37.5 29 Unrestricted
(F44/0432)
8.4 15

Cumulative abstraction effects on surface water at Gore

Cumulative water allocation in the Mataura River catchment upstream of Gore is listed in the
table below.

Minimum Flow Cut- | Total Allocation | Cumulative = Water
off at Gore (m3/s) Allowance (L/s) Allocation (L/s)
Unrestricted 367.5 318.3
9 472.5 406.3
11 577.5 570.2
13 682.5 682.0
15 787.5 743.4
17 892.5 743.4
19 945.0 775.7
21 997.5 776.6
45 1102.5 821.6
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