Groundwater modelling had the following purposes:
-

To provide improved understanding of the regional and subregional groundwater resources of the Wairarapa Valley

-

To define groundwater management units – GW management
zones

-

To determine water balances and derive groundwater allocation
limits for each of the zones

-

To identify those zones which display a direct hydraulic
connectivity (x4)

-

To assist Mr Hughes in the mapping out of the A-C hydraulic
connectivity zones

Summary of Submissions
The models used to describe and derive the conjunctive management framework (including
Category A, B and C definitions, allocation limits, catchment management units and sub units and
Schedule P) are too uncertain for the Ruamahanga catchment.

That the models have a regional based approach and are formulated on limited data and have too
many assumptions.
Definitions and designations applied to groundwater zones need to recognise local variations, and
the potential for such variations to cause significant differences in the 'expected' behaviour of the
groundwater system.
I wish to emphasise that the groundwater models (which I will discuss) were not relied solely upon
to map out the hydraulic connectivity category boundaries (zones A, B, C), but were used to support
development of the criteria and methodology described by Mr Hughes.
I will however describe how the models were used to define the sub-catchment groundwater
management zones and to show how some zones (a total of four) were identified as having high
surface water connectivity attributes.

Wairarapa Valley Groundwater Resource Investigation; 2007-2015
Project team:
GWRC: Hydrogeology + FEFLOW modelling - Andrew Jones, Doug McAlister, Mark Gyopari; Mike Harkness (MIKE 11 modelling)
GNS Science: Geological interpretation and analysis - Dr John Begg, Dr Len Brown (geology), Dr Chris Daughney (hydrochemistry), Dr
Timothy Hong (informal Feflow review and advice)
ESR: Model uncertainty analysis - Dr Cath Moore
Landcare Research - Soils mapping: Trevor Webb
NIWA - Dr Andrew Tait (climate modelling)
Dr Thom Krom and Scott Wilson - rainfall recharge modelling
EAH/RPS Australia: Jerome Arunakumaren – peer review, PEST and FEFLOW support
Aqualinc NZ: Model peer review – Dr John Bright
Elemental Consulting: Peer review – Dr Howard Williams.

The project had two stages
Stage 1: provided a revised geological characterisation and conceptual models for the groundwater environments for the
Wairarapa Valley. These formed the basis for construction of three sub-regional numerical groundwater flow models.

Specific objectives:
-

Development of detailed conceptual models and cross sections (existing and new information)

-

Construction of ‘FEFLOW’ models

-

Model calibration to long term climate conditions

-

Simulation of connections between surface water and groundwater

-

Assessment of model uncertainty

-

Identify limitations and assumptions

GWRC committed considerable investment to a field investigation in Stage 1 to support the development of the models to address
critical information gaps (eg drilling, geophysics, river gaugings, water metering).

Calibration of the models
Calibration entails the adjustment of independent
variables (aquifer parameters and boundary
conditions) within realistic observed limits to produce
the best match between simulated and measured
data (groundwater levels and water balance
components such a spring flows and measured river
flow losses/gains).

Methods were used to reduce uncertainties in the
modelling – such as calibrating to a wide range of
climate conditions, using aquifer properties consistent
with field measurements, matching the model not
only to groundwater levels but also water fluxes
where reliable information was available available
(e.g. spring flows, river losses/gains and patterns
where confidence in accuracy)

Model assumption and limitations
All models have assumptions and limitations – important that these a transparent and do not
adversely impact the model purpose:
• Geological complexity/heterogeneity and scale accuracy
The Wairarapa is a very complex area geologically and the geology incorporated in the
models is the product of both hard evidence and judgement (i.e. numerous lengthy
geological workshops with GNS scientists were held to provide the best possible
interpretations). I regard the geological interpretations incorporated into the models
encapsulates the collaborative understanding we had at the time of their construction.
Impossible to incorporate all geological detail and it is necessary to conceptualise and
simplify whilst ensuring main controlling features are represented at a sub-catchment
scale embedded in the regional scale. Local scale detail is often not known but sound
the broader sub-catchment characterisation is most important for cumulative
management of groundwater.
(the allocation framework has mechanisms to address local scale uncertainties relating
to individual bores)

Stage 2: Use of the Models for Groundwater Allocation

Models used support the development of a conjunctive allocation approach and provide allocation
quantities/limits for the region’s groundwater resources.
A primary objective of the proposed groundwater allocation policy is to manage the depletion effects of
groundwater abstractions on surface water and to avoid unsustainable aquifer storage depletion.
The FEFLOW models been used to help characterise the interaction between groundwater and surface
water – including groundwater abstraction depletion effects on the surface water environment in
conjunction with other methodologies (discussed in Mr Hughes’ evidence).
Stage 2 modelling involved simulation of a range of abstraction scenarios to quantify the sustainable
groundwater allocation limits for sub-catchments (or groundwater management zones) to avoid
unsustainable cumulative surface depletion or storage depletion in the aquifers..

Delineation of new groundwater management zones
The management of the cumulative effects of groundwater abstractions with a moderate to low
connection to surface water (Category C and B) has been approached by delineating ‘groundwater
management zones (GMZ’s)’
GMZ’s are management units based on groundwater and surface water sub-catchment mapping.
Groundwater management zones should not be confused with hydraulic connectivity categories (A, B
and C areas mapped within the groundwater management zones).
Criteria used for the delineation of groundwater management zones included surface water catchment
boundaries, hydraulic or physical groundwater flow system boundaries, the conceptual hydrogeological
functioning of the zone and its context within the larger groundwater catchment
The groundwater management zones were designed so that the management of surface water resources
can be easily integrated with groundwater allocation, thereby allowing the cumulative effects of
groundwater abstraction on sub-catchment baseflow to be accounted for at a catchment or subcatchment scale (i.e. enabling conjunctive management of groundwater and surface water resources).

How groundwater allocation limits were calculated using the FEFLOW models

Example of a Category C zone: Simulated historical abstraction and associated surface
water depletion (including effects on Mangatarere Stream and local spring-fed streams)
resulting from groundwater abstraction in the Mangatarere catchment, 2002-05

•

Groundwater allocation limit is based upon the long term
cumulative effects of abstraction on the surface water
environment (on baseflow discharge from a sub-catchment) –
which occurs at the end of an irrigation season.

•

The proposed groundwater allocation limits in the PNRP for
each GMZ are based upon the cumulative depletion effect on
sub-catchment baseflow (surface water) discharge which
would occur by the end of an irrigation season.

•

Each zone has a ‘baseflow allocation’ - the rate at which
natural catchment discharge (occurring during stable, low flow
conditions) is allowed to be depleted by the effects of
groundwater abstraction - which cannot be effectively
mitigated by temporal controls on groundwater abstraction
(derived from a proportion of catchment MALF)

•

Feflow used to calculated a cumulative baseflow depletion
factor for the GMZ (e.g. 0.5, or 50% in this example).

•

eg if baseflow allocation is 0.1*MALF (assessed as being
accatable for the catchment), the groundwater allocation is
basefloe allocation/baseflow depletion factor (e.g. 0.5)

Identification of groundwater management zones with a high surface water connectivity
The FEFLOW models showed that some groundwater
management zones have a direct connectivity to surface water
and should be therefore be designated Category A in their
entirety
Four were identified: Waoihine, Middle Ruamahanga, Moiki and
Lower Ruamahanga (?)
The attributes of these zones is that they are entirely recharged
from surface water and contain highly transmissive and relatively
shallow aquifers. As a result, they exhibit a high connectivity
between groundwater and surface water (the degree of
connectivity being tested using the models).

Example of Category A Zone: Modelled cumulative baseflow depletion
for the Waiohine groundwater zone.

Example: Waiohine groundwater management zone. Modelling
clearly shows that the overall stream depletion effect
approximates the rate of groundwater abstraction with limited
lag between abstraction and effects on surface water. The rate of
stream depletion reduces rapidly once pumping ceases. This
provided evidence that the entire zone should be designated as
Category A.

Conclusions
1.

Assumptions and limitations – all models have them and they have been transparently reported. Important to ensure
there are no critical ones which impact on the model purpose.

2.

Insufficient or unreliable data: A large effort was put into identifying and filling critical gaps and into understanding the
complex geology and translating it into the model. I consider that the data availability for these models is far superior to
many regional groundwater models.

3.

The groundwater investigation also had a particular focus on the quantification of sub-regional or sub-catchment water
balances – groundwater flows, rainfall recharge, soil moisture balances, exchanges between surface water and
groundwater and groundwater abstractions. These were assessed independently of the model and used to help
calibrate the FEFLOW models and reduce uncertainty.

4.

In my opinion, these models are comprehensively founded on a broad set of high quality data. Interpretation of the
geological and hydrogeological environment relied upon skilled specialists. Model calibration and testing of prediction
uncertainty (focussing on groundwater-surface water connectivity) has employed research-level methodologies by
industry leading experts.

5.

The models focus at a sub-catchment scale or groundwater zone scale In order to capture the cumulative effects of
abstractions. Because large abstraction cause widespread drawdown effects (kms) the very local scale geology is often
not relevant. In some complex areas the local scale geology is more inaccurate when looking at individual bores. The
proposed framework allows individual takes to re-assess their allocation connectivity status.

Justification for Category A mapping – shallow
Q1 alluvium extent

