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In Run 47, the model failed to converge as the simulation approached the
period of greatest stress in the 1982-83 summer, because of the large number
of nodes going dry (Section 3.3.2). However, the effects of full UA
exploitation were assessed by comparing drawdowns and river leakage for the
1981-82 summer.

Figure 48 uses summer data from Runs 31, 30 and 47 to investigate the
relationship between total UA pumpage and nett Wairoa, Waimea and Wai-iti
river leakage to groundwater. Two summer periods are used (where results
were available): February - March 1981 and March 1983, during which time
mean Wairoa Gorge flows were very similar at 1500 to 1800 1 s’1. Leakage is
not directly related to pumpage as might be expected, rather it approaches a
maximum value as pumpage increases, and the rivers become perched above
the UA. The scatter in the few data points (Figure 48) results from the small
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Figure 48 :  Relationship between nett river leakage to the UA
and total UA pumpage
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differences between Gorge flows for each period and some change in the
spatial pumping pattern between runs. A family of curves could be shown on
Figure 48 if the simulations were run for increasing river flow conditions. The
asymptotic maximum leakage indicated in Figure 48 is important for managing
the system because it shows the resilience of the hydrologic system to stress. It
may be more difficult than first thought to dry up the river(s) through
groundwater pumpage.

Comparing actual conditions in February 1981 (Run 30) with those expected
under full irrigation (i.e. 5.5 times more pumpage, Run 47), the simulations
indicate increasing areas drying up along both margins of the Wai-iti Valley,
around Brightwater township and along the western edge of the plains with full
development.  Decreasing yields would occur throughout the aquifer,
especially in the Wai-iti Valley.

These results indicate that high yield parts of the UA, which are generally near
the rivers, could be pumped at higher rates than at present, but increased
pumpage affects both river low flows and water availability in shallower parts
of the aquifer. The impact is least severe in the Delta area where UA
groundwater levels are buffered by sea level at the coast, and where the river
has higher flows which can sustain reductions. However, sea water intrusion
(Section 6.3.3) is a constraint on any large increase in pumpage in this area.

6.5 WATER RIGHT ALLOCATION

As well as evaluating regional water resource development proposals, the
model can be used for checking the likely impact of individual water right
applications. An example from the Lower Confined Aquifer is presented.

6.5.1 Lower Confined Aquifer

The LCA is sensitive to relatively small changes in pumpage. A simulation was
carried out in response to a water right application for an additional irrigation
well near the coast, pumped at up to 20 1s™'. Seasonal variations in pumpage
were again synthesized pro rata in time with recorded LCA pumpage, and the
LCA drawdowns with this extra well were then compared for 23 March 1983
with those from the calibration (Run 30). The results showed that this new
well could cause increases in drawdown ranging from 1.8 m immediately
adjacent, decreasing to 0.2 m beyond Bells Island and Brightwater (Figure 49).
An additional 0.5 m of drawdown is estimated from equation (31) at the
pumped well itself. Seawater intrusion by induced leakage from the Waimea
Inlet could increase by up to 6 157",
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point x) irrigating 35 ha, March 1983
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The node spacing of 487 m used in the model only allows reasonably large
local changes in the water balance to be simulated accurately. But this
example illustrates the value of a regional model for checking the impact of
continuing changes to the system. In the confined aquifers particularly, an
alternative is to use the principle of superposition, e.g. increasing aquifer
pumpage by 10% will increase drawdowns by a similar percentage as long as
pumpage is not occurring close to aquifer boundaries.
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7 SUMMARY AND CONCLUSIONS

This study has built on the earlier hydrogeological investigations of the
Waimea Plains by Dicker (1980) and Johnston et al. (DSIR Bulletin, in prep.).
Its aim was to evaluate the hydraulic behaviour of the Waimea groundwater
system and associated rivers so that management strategies for the water
resources could be determined and refined.

A computer model of the groundwater system was calibrated and tested. It
reproduces well on both spatial and time-dependent scales (1979-83) the water
level fluctuations in the interconnected shallow Unconfined Aquifers (UA),
the Upper Confined Aquifer (UCA) and the Lower Confined Aquifer (LCA).
Modifications were made to the model to also simulate the flows in the
Wairoa, Wai-iti and Waimea rivers which lose much of their flow to the
aquifers during dry summers. An acceptable calibration of river low flows was
achieved.

Recharge to all aquifers originates as either river leakage or direct infiltration
from rainfall and irrigation. Runoff and storage in the fractured rocks of the
Eastern Hills also contribute a minor amount of recharge. A rainfall recharge
model, developed to calculate input to the UA, gave an average annual
recharge of 52% of rainfall. River flow losses are dependent on both river and
adjacent UA groundwater levels. Mean winter flow through the LCA, with no
pumpage occurring, was calculated as 58 1 s', while for the UCA it was
1101s™'. Pumpage during the drought of 1982-83 reached a peak of 680 1 s
from the UA, 69 1 s™' from the UCA and 1751s™' from the LCA. Resulting
seasonal drawdowns reached 2.5 m, 2.8 m and 11 m respectively.

Calibration of the model indicated potential seawater intrusion into the LCA
below the Waimea Inlet. A transient water balance showed seawater intrusion
may have been progressing towards the aquifer at up to 67 1 s™!, although
winter reductions in pumpage should have reversed this trend. The calibrated
model also demonstrated that increased pumping can induce further recharge
and reduced discharge. Pumpage from the UA has a direct though damped
effect on river flows, although simulations indicate a non-linear relationship in
which perching of the riverbed during dry summers inhibits increasing leakage.

Management simulations identified the natural seasonal fluctuations in aquifer
heads and, using 1979-83 river and rainfall inputs, investigated the impacts of
irrigation schemes supplied from river or groundwater, and the safe yields of
each aquifer.
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Results indicate that in spite of reduced pumpage since the commissioning of
the Waimea East Irrigation Scheme, there is still potential for seawater
intrusion into the LCA. A conservative safe yield for the LCA, given the 1982-
83 pattern of pumpage, would limit the peak pumpage to 80 1s™'. The Nelson
Regional Water Board’s 15 m rationing trigger at the Rail Reserve well would
correspond to a peak pumpage of 120 1s7".

In contrast, the model indicates that the UCA is currently under-utilised. This
aquifer has greater storage than the LCA and appears more resilient under
drought conditions, although yields on its margins will decrease if pumpage
increases. It will not be possible however, to meet the full irrigation needs of
the area overlying the UCA outside the Waimea East Scheme, from UCA
groundwater. The peak safe yield for the system is about 200 1 s™!, using a
criterion of balancing increasing summer drawdown against greater pumpage.

Limitations on the UA are more local than regional, although all UA pumpage
affects adjacent river low flows. Increased yields are obtainable, particularly
adjacent to the rivers, but the Nelson Regional Water Board’s management
objective of maintaining a 225 1 s"' minimum low flow in the Waimea River
would limit further extractions to the Waimea Delta below Challies Island.
The model indicates that full irrigation of this zone is possible from the UA,
although there is a risk of seawater intrusion unless pumpage occurs closer to
the river rather than uniformly spread up to the western boundary of the UA.
Any increase in extraction would lead to reductions in springflow from Pearl
and Neiman creeks as well as in the Waimea River. Increasing irrigation from
the UA will also be accompanied by decreasing yields on the margins of the
aquifer, particularly in the Wai-iti Valley, around Brightwater, and along the
foothills west of the Waimea River. Some of the problems associated with
these reductions can be avoided by pumping groundwater up-valley from the
Waimea Delta, a suitable wellfield location being near the Appleby Bridge.

In conclusion, the study has shown the value of an integrated groundwater and
river model for evaluating regional and in some cases local water management
options. It has also been a catalyst for the assembling and evaluation of the
large amount of geohydrological information for the Waimea Plains, and has
highlighted areas, such as river-aquifer interaction and the LCA coastal
discharge, which require more intensive data collection. Overall, the modelling
indicates that the Waimea aquifers have insufficient capacity to provide full
irrigation of the plains, even though increased usage from the UCA and parts
of the UA is possible. Storage of surface water by constructing dams either in
the Wairoa Gorge or in the many small clay-bound gullies in hills adjacent to
the plains is the most obvious means of supplementing the water resource.
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Artificial recharge of the UA in particular also has potential in the Wai-iti
Valley and west of the Brightwater Bridge over the Wai-iti River.
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POSTSCRIPT : APPLICATION OF MODEL RESULTS
IN MANAGEMENT PLANNING

Since the groundwater model was developed and this report drafted, the
results of model simulations have been used to derive and refine water
management policies in the Nelson Regional Water Board’s Waimea Basin
Water Management Plan (NCB, 1986). This plan was adopted in October
1986 following lengthy consideration by the Board, and discussion at public
and water user group meetings.

Policies which utilised model results are summarised below:

*

No rights to take additional water will normally be granted in the Wai-
iti catchment, the Unconfined Aquifer south of Challies Island or the
Lower Confined Aquifer, nor in the Wairoa or Waimea Rivers when
Wairoa Gorge flow is less than 4000 1 5.

In the zones described above, water right holders are to fit water meters
to record usage, and meter readings are to be supplied to the Nelson
Regional Water Board monthly during summer. Meter readings are
used for policing usage and for future modelling of the water resources.

A minimum low flow of 225 1 5! has been set for the Wairoa and
Waimea Rivers below the Wairoa Gorge. Rationing of pumpage from
those rivers and the adjacent Unconfined Aquifer will occur when the
minimum flow near Challies Island falls below 225 1s™! so that minimum
fisheries, recreational and scenic values of the river are maintained.

Rationing of pumpage within the Wai-iti Catchment may be triggered
when flow ceases in the Wai-iti River below Brightwater Bridge. This
policy aims primarily to maintain reduced supplies to existing users in
the catchment, rather than maintaining instream values.

Rationing of pumpage from the Lower Confined Aquifer may be
implemented either when seawater intrusion is detected in coastal wells
or when the head at the Rail Reserve well falls below 15.0 m above
m.s.l. Model simulations showed that seawater intrusion could occur at
a Rail Reserve head as high as 17 m, but the 15 m trigger was adopted
because it has previously been used without seawater intrusion
occurring.

Publication no. 18 of the Hydrology Centre, Chriistchurch (1988)



128

All rationing will be on the basis of a series of 20% cuts in authorised
usage, reviewable at two-weekly intervals or until the trigger criterion is
exceeded, allowing a relaxation of the rationing.

Water from the Upper Confined Aquifer will continue to be allocated
up to a maximum of 150 15!, reviewable at the discretion of the Nelson
Regional Water Board. Although model results indicated an optimum
UCA vyield of 200 157", it was considered prudent to adopt a lower value
and check the impact before allowing full exploitation of the UCA.

No water rights will be granted to take water within 100 metres of the
river banks of the Wairoa or Waimea rivers between Wairoa Gorge and
Appleby Bridge, because of the almost direct impact of pumping on
river low flows.

Water rights will continue to be granted in the Unconfined Aquifer
north of Challies Island. Model results indicate reasonable reserves of
water in the Waimea Delta and horticultural development before the
next review in 1991 is not expected to tax the resource.

Minimum well spacings of 100 m have been set for new wells in the
UCA and LCA, and 50 m for the UA.

Water rights will expire in five years, except those north of the highway
crossing the Appleby Bridge where the term will be 10 years. This
rationale is based on assessed water availability and the likely rate of
horticultural development.

All rights to take water in the Waimea Plains either expired in May 1986 or
were cancelled in May 1987. New applications were sought from users and
new irrigation water allocations were based on assessed area irrigated up to
May 1986, calculated at a rate of 350 m*ha"'wk™'. New rights were granted
based on the policies described above. Waimea water rights now reflect actual
usage more closely, and most water rights previously held for speculative
purposes (such as increasing land values) have not been renewed.
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