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Qualifications and Experience

1.

My full name is Matthew Blair Smith and | am employed by Environment
Canterbury as a Groundwater Hydrologist, a position | have held since
November 2005. | hold the qualification of M.Sc (Engineering Geology) from
the University of Canterbury. | am a member of the New Zealand
Hydrological Society and the International Association of Hydrogeologists. |
have worked, almost exclusively, in groundwater hydrology for the last 6
years. During this time | have been involved with assessments and testing of
stream depletion; spring interference; and well interference; as well as aquifer
definition and aquifer testing.

| acknowledge that | have read the code of conduct for expert witnesses
contained in the Environment Court’s Practice Note dated 31 March 2005. |
have complied with it when preparing my written statement and | agree to
comply with it when | give oral evidence.

Scope of my Report

3.

This advice to decision makers has been prepared on behalf of Environment
Canterbury’s Environmental Monitoring Groundwater section (quantity). In
this advice | look at the hydrogeology of the Ashburton River and Valetta
Groundwater Allocation Zones (Zones), including: recharge sources; water
balances:; risk of land subsidence and; saltwater encroachment.

Such evidence is within the ambit of my expertise.

From my analyses | conclude that:

0] Land surface recharge is primary source of groundwater in both the
Valetta and Ashburton River Groundwater Allocation Zones. (Para
15)

(ii) Groundwater provides the vast majority of water that sustains the

streams at the coastward end of the Valetta Groundwater Allocation
Zone as well as providing substantial contribution to the Ashburton
and Hinds Rivers. Any changes in the groundwater system will have
an impact on the surface water systems of both of these Zones.

(i) Rapid and continuing development in the level of groundwater
abstraction in recent years has and will continue to result in
additional adverse effects on the groundwater systems in these
Zones and on any surface water systems that are dependent on
groundwater. (Para 50)

(iv) It is unlikely that current consents are being exercised to their full
extent. Therefore, even if no further groundwater is allocated,
additional effects on the groundwater environment will occur as
existing consents become more utilised. e.g. via transferring of
surplus volumes and/or intensification of existing developments.
(Para 51)

(V) Although groundwater levels in these Zones do not show dramatic
declining trends, increased development is very likely to result in
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more severe fluctuations in groundwater levels, as well as reduced
average groundwater levels. (Para 52)

(vi) The granting of additional groundwater abstraction consents will
result in additional adverse effects on the groundwater systems and
on any surface water systems that are dependent on groundwater.

Recharge Sources

6.

10.

11.

There are three sources of recharge in the Valetta and Ashburton River
Zones, rainfall recharge, losses from the Hinds and Ashburton Rivers and
losses from the Greenstreet and Valetta irrigation schemes. There is direct
evidence, from gauging (Walsh and Scarf, 1980; Horrell, 2001), of losses to
groundwater from the South Branch of the Ashburton River. Elsewhere the
availability of shallow groundwater along the Ashburton and Hinds Rivers is
marked by the presence of springs and the distribution of shallow wells.

In the Valetta Zone, border-dyke irrigation associated with the Valetta
Irrigation Scheme, provides substantial recharge to the groundwater system
by supplying additional water from outside of the Zone. The process of
border-dyke irrigation, the controlled flooding of paddocks, inherently provides
a high degree of recharge due to the rapid saturation of the soil profile and
consequent drainage.

Davey (2006) concludes that recharge from the Valetta Irrigation Scheme is a
major contributor to the groundwater system, particularly coastward of the
Valetta scheme, with some wells dependent on this recharge (Davey 2003).

Developments in border dyke irrigation techniques allow water to be used
more efficiently than methods used in the past (i.e. the area of land irrigated
per amount of water applied). For example laser levelling of borders can
result in the doubling of efficiency from around 26% to 50% (Davey, 2006),
thus potentially doubling the area of land that can be irrigated for the same
volume of water. The change to spray application of scheme water and deficit
irrigation can result in even larger areas being irrigated for similar volumes of
water.

Increased application efficiencies result in less water being lost to the
groundwater system through drainage, however, this efficiency can result in
larger irrigated areas that can provide some additional recharge from rainfall
due to the solil profile containing more moisture than un-irrigated land over the
summer months. Any additional drainage from rainfall is, however, offset by
significantly more moisture loss though plant uptake, evaporation and
evapotranspiration.

It is important to note that the change to more efficient use of water from a
traditional border dyke scheme, such as the Valetta Irrigation Scheme, will
result in a net reduction of recharge to the groundwater system, that in turn
will result in increased stress on natural discharges (i.e. stream and drain
flow).
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Hydrogeology

12.

13.

14.

15.

The General Description of Environment® (Smith 2008) accompanying this
evidence outlines the hydrogeology of both the Ashburton and Valetta Zones.
Important points to note:

Unlike a number of Groundwater Allocation Zones on the Canterbury Plains,
the Valetta and Ashburton River Zones do not receive the benefit of having a
large alpine river nearby to provide additional water to the groundwater
system.

Unlike areas such as coastal Christchurch where aquifers can be defined by
bounding, lower permeability, marine or estuarine deposits, there is little
evidence of layered sequences of glacial & marine deposits in the Hinds-
Ashburton area.

The vast majority of groundwater in both of these Zones is derived from water
that has percolated from the surface. In the upper areas (i.e. high topographic
elevations) of the Zones there is evidence that some shallower groundwater,
primarily fed by the rivers, in both Ashburton River and Valetta Zones could
be hydraulically separate from deeper groundwater, however, at lower
elevations water levels at all depths are very similar, providing strong
evidence that the aquifers are highly connected. (Refer attachment 1). |If
there was any degree of hydraulic disconnection between water bearing
layers then it is likely that a pressure gradient would be present.

Valetta Groundwater Allocation Zone

16.

17.

18.

At elevations less than approximately 100 m above mean sea level
groundwater levels of both shallow and deep wells are virtually identical (i.e.
on average little or no vertical pressure gradients exist). This corresponds to
the location of SH1 and also marks the upper limit of the distribution of
groundwater fed springs

Springs not directly associated with the Hinds River system are concentrated
in a discrete area, some 3 km wide, coastward of State Highway 1 and
around 11 km from the coast. At this point groundwater levels intercept the
ground surface, with the formation of both artesian and depressional springs
(Figure 5 in the General Description of Environment).

The Hinds River, although often dry in its mid reaches, gains from
groundwater in its lower reaches, and the occurrence of springs and the
change from losing to gaining flows in the Hinds River is evidence that
surface flows are very dependent upon groundwater levels.

Ashburton River Groundwater Allocation Zone

19.

Compared to the Hinds River, the Ashburton River has a larger catchment
(significantly larger than the Groundwater Allocation Zone) that generates
higher flows and is a better transporter of sediment. The Ashburton has, in

YInput by Mr Mclndoe to this document is acknowledged, however, it should be noted that this
document does not necessarily represent Mr Mclndoe’s interpretations or opinions. This
document has been included as background reading to this evidence.
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the past, maintained sufficient flow to retain a natural opening to the Pacific
Ocean.

20. Piezometric data (including surveys carried out by ECan staff last summer)
and water level information give strong evidence that groundwater is very
interconnected. Piezometric patterns were not altered significantly when
bores at all depths were included, or separated, and as an example Figure 1
and Figure 2 show the correlation between water levels in bore L37/0388
(45 m deep) and L37/0302 (11.5 m deep).

L37/0388 (45) & L37/0302 (11.5) Water level record
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Figure 1: L37/0388 & L37/0302 water level records

21. The offset in water levels in L37/0388 & L37/0302 is due only to topographic
changes, and the water level data sets correlate to a high degree as shown in
Figure 2
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Figure 2: Correlation of water levels for L37/0388 & L37/0302

22.

Surface flow data also shows gains from groundwater in the lower reaches of
the Ashburton River. This high degree of connection between the Ashburton
River and the groundwater system shows that both surface water and
groundwater need to be considered together and that any change in the
groundwater system will have either a direct or cumulative effect on
Ashburton River base flows.

Aquifer test results in, and adjacent to, the Valetta and Ashburton
Groundwater Allocation Zones

23.

24.

Environment Canterbury’s databases contain aquifer tests for 55 bores within
a 5 km buffer of the Valetta and Ashburton groundwater allocation zones (see
Table 1). For 20 of those tests the observations have been interpreted to
provide an estimate of aquifer leakage. For the remainder of the aquifer tests
limited test duration (generally less than 3 days) or other factors (such as
variable discharge rate or interference effects) have made it difficult to reliably
identify leakage properties. For these reasons the absence of a leakage
parameter for any particular bore should not be taken to indicate that the
aquifer is perfectly confined.

The distribution of aquifer tests in, and adjacent to, the Valetta and Ashburton
Zones is illustrated in Figure 3. Bores for which a leakage value has been
inferred are highlighted and labelled with the corresponding K’/B’ (leakage)
value. The distribution of tests with leakage suggests that leaky aquifer
conditions can be expected throughout the zones. The relationship between
bore depth and aquifer leakage is shown in Figure 4. Though leakiness
appears to decrease with increasing bore depth, it is clear that leaky aquifer
response is not limited to any particular depth range.
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Figure 3 :Location of bores with aquifer test results in and adjacent to the Valetta and
Ashburton Groundwater Allocation Zones (from Environment Canterbury Wells
database) The symbol height represents bore depth. Solid columns indicate bores
where aquifer leakage has been determined (K’/B’ values are shown in day™).
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Figure 4. K’/B’ vs bore depth for bores in the Valetta and Ashburton zones

25.

26.

The significance of the measured leakage property is illustrated by the
parameter Tgo in Table 1 (attached) which is the time taken in a two-aquifer
system for the pumping induced flow from an overlying layer to reach 50% of
the pumping rate. The calculation of these inter-aquifer flow rates is based on
the two-aquifer solution described by Hunt and Scott (2007). With one
exception (K37/1659) the Ty, value is less than 7 days indicating that the
effects of pumping from any particular depth can generally be expected to
influence groundwater in overlying strata within a relatively short time.

The onset of this pumping induced vertical flow is illustrated for K37/1907 in
Figure 5 & Figure 6 In this case the vertical flow reaches 50% of the
abstraction rate within 0.5 days of pumping.
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Figure 5. Calculated drawdowns in the pumped and overlying layer derived for the
aquifer parameters determined for K37/1907
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Figure 6: Flow rates from water table and pumped aquifer for a two-aquifer system
with the aquifer parameters determined for K37/1907
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Water Balance

27.

28.

29.

30.

31.

32.

33.

In 1940 Theis introduced the following fundamental groundwater principle:

“Under natural conditions....previous to the development of well, aquifers are
in a state of approximate dynamic equilibrium. Discharge from wells is thus a
new discharge superimposed onto a previous stable system, and must be
balanced by an increase in the recharge of the aquifer, or by a decrease in
the old natural discharge, or by a loss of storage in the aquifer, or by a
combination of these.”

Any take from a groundwater system will therefore alter the equilibrium point
of that system, resulting in diminished natural discharges.

The high degree of interaction of groundwater at all depths in these zones
allows a relatively simple water balance model to be considered, with inputs
and outputs from essentially one groundwater system.

In the absence of real abstraction records, the level of current abstraction and
the utilisation of existing consents can only be estimated. However, assuming
the hydrological systems of both Zones are in equilibrium, inputs to the Zones
must be balanced by outputs from the zones.

The water balance for both of these Zones is summarised as follows:

Inputs in the form of: Rainfall recharge; Surface irrigation scheme losses;
Irrigation recharge and; River losses (Hinds and Ashburton), offset by outputs
via: Evapotranspiration; Springfed streams; Groundwater Abstraction; River
gains and; (possible) Groundwater discharges to the sea.

From a groundwater perspective, the most sensitive part of both Zones is the
uppermost plains. These areas do not benefit from full rainfall recharge, but
only that occurring up-gradient, yet will be affected by any abstractions that
are not directly linked to surface water. It is the existing groundwater users in
these upper parts of the plains that will experience the greatest increase in
fluctuations in groundwater levels as development continues (due to a high
abstraction to recharge ratio).

Conversely the streams and drains of the Valetta Zone are fed by springs
coastward of SH1 and groundwater fluctuations in this part of the zone are
lessened (because high groundwater is allowed to discharge to the streams
and drains via springs and gaining reaches). Because the streams are located
in the very top of the groundwater system any change in groundwater level or
pressure results in a change in surface flow — refer Mr Ettema’s evidence
regarding correlations of groundwater and surface flows. i.e. a 5 % drop in
groundwater levels will result in a far more severe impact on flows than a 5 %
change.

Irrigation from groundwater will result in additional recharge to the aquifer
system because of increased rainfall recharge (soil moisture will be not be as
depleted during rainfall events over summer or at the end of the irrigation
season), however, there will be substantially more outputs from the aquifer
system as the irrigation of larger areas results in additional evapotranspiration
from both increased plant matter and through more water being available for
plant uptake from the soil profile.
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34.

35.

Irrigation abstraction results in a net loss from the water balance that will
cause the groundwater system to reach a new, lower, equilibrium, resulting in
reduced groundwater levels, which in turn affect spring fed stream flow, river
gains, and will result in a reduction in any offshore discharges.

Existing abstractions from the Zones will be having a detrimental effect on the
groundwater systems, and any additional consumptive groundwater
abstractions from either Zone can only have a further adverse effect.

36.

The addition of water to these zones, either via irrigation of river sourced
water or by direct augmentation of the aquifers, would result in more recharge
to the groundwater system.

Stream Depletion

37.

38.

39.

40.

“Stream depletion” refers to either direct removal of water from a stream or
indirect capture of aquifer water flowing to the stream by pumping wells.

Even though a take may not have a hydraulic classification under the
proposed Natural Resources Regional Plan (NRRP), this does not mean that
it has no impact on a surface water body. The classification of hydraulic
connection simply identifies those takes with a relatively high potential to
cause stream depletion, i.e. a rapid direct effect. These direct effects are
managed by being included in surface allocation blocks and the inclusion of
minimum flow conditions on a water permit.

The effects that are not classified tend to be more insidious and as a result
harder to mitigate, both because of duration and lag response to pumping as
well as recovery (when pumping ceases). These cumulative effects are
therefore managed via limiting the amount of groundwater that can be
allocated.

The high degree of connection of groundwater at all depths toward the
coastward end of these zones, and the fact groundwater supplies the base
flow to the streams and drains of both Ashburton River and the Valetta Zones,
means that all takes from these Zones will result in stream depletion to some
extent.

Allocation Limits (Allocation Block)

41.

42.

It is important to note that an allocation block limit does not represent a
volume where adverse effects begin, nor does it represent a volume where
effects can abruptly be defined as “more than minor”. The allocation block
serves to limit the extent of adverse effects that can occur on the existing
environment, and prevent continuing long-term declines in groundwater
levels.

The setting of a groundwater allocation block allows some change in the
equilibrium of the groundwater systems involved, but aims to prevent
excessive cumulative adverse effects in surface systems. At present the
allocation blocks are set (under policy WQN14 of the NRRP) based on
average climatic conditions and are not adjusted up or down based on
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43.

44.

45.

46.

47.

seasonal recharge. For many aquifers in Canterbury, the combined effect of
low recharge and the cumulative effect of abstraction may lead to a short to
medium-term depletion of groundwater. However, groundwater levels and
artesian pressures are likely to recover when a high recharge event occurs,
particularly if followed by a season or more of low levels of abstraction.

Although allocation blocks have been put in place and the limits reached, in
the absence of use records the effectiveness of these limits cannot be known
until observations can be obtained from a more extensive climate records of
dry and wet years under the recent increased irrigation demand, and
groundwater use stabilises. For instance the observed effects on stream
flows in the Rakaia Selwyn Groundwater Allocation Zone suggests that
present abstraction limits (calculated in a similar manner to the Valetta Zone)
may be set too high resulting in excessive environmental impacts, and a
dramatic reduction in reliability of those surface water system dependent upon
groundwater(like spring fed streams).

The Valetta Zone allocation limit is set at 50% of land surface recharge; this
includes rainfall recharge and additional recharge due to rainfall events
occurring on irrigated land. The surface recharge does not include water
losses from stock-water races or the Valletta Irrigation Scheme distribution
races, as it is anticipated that these losses will reduce over time as the
distribution becomes more efficient (e.g. piping of water).

The Ashburton River Zone is currently set at 15% of average annual rainfall.
The reasoning for this is set out in Environment Canterbury report U04/97
(Scott 2004) that states:

“The Ashburton River Zone is another zone requiring particular consideration.
The Ashburton River/Hakatere flow regime has been substantially modified as
a result of surface water abstractions (Horrell, 2004) and Schedule WQN1 of
the NRRP proposes minimum flow and allocation conditions designed to
retain sufficient water in stream to maintain the river’s natural character. The
schedule also acknowledges the significance of stream depletion resulting
from groundwater abstraction by setting specific cut-off limits to reinforce
management of that effect. Considering the degree of abstractive pressure on
the river and its connection with groundwater it would be prudent not to
change the Ashburton River Zone groundwater allocation limit until further
work demonstrates that increased groundwater abstraction would not
compromise efforts to manage the flow regime.”

Considering the apparent high degree of interaction of groundwater and
surface water in this zone, | agree with this statement.

Until the appropriateness of the present allocation limits can be evaluated, the
safest way to increase groundwater allocation would be to introduce water
from outside the current water balance system i.e. the storage and use of
surface water.

Note that it is intended that an allocation regime “tailor made” for both the
Valetta and Ashburton River Zones be adopted, when a level of
understanding of an area is sufficient to set allocation blocks based on
reliability of supply. This level of understanding does not, in my opinion, exist
at the present time. In the interim the allocation block limits and granted
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consents will be reviewed every 10 years as part of the Natural Resources
Regional Plan process.

Allocation of groundwater

48.

49.

50.

51.

The details of current allocation will be address by other officer reports
namely that of Mr Fietje. However, to restate some important points:

The Ashburton River (surface allocation block) is recognised as being very
highly allocated and is the focus of a program to reduce abstractions and
recover surface flows.

Over the last 10-15 years there has been a rapid increase in the amount of
groundwater that can be abstracted, and the number of holders of consents
(Figure 7 & Figure 8). The speed of development of the resource compared
to the level of environmental information (e.g. water use data), including the
duration of climate cycles in Canterbury, means that the full impact of existing
consented activities is still not known.

Although allocation block limits have been reached, or even exceeded, by
resource consent allocation, there is likely to be a substantial increase in the
utilisation of existing groundwater consents both as water is
traded/transferred and development by consent holders continues. This will
have additional, not yet realised, effects on the groundwater system.
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Figure 7: Consented groundwater abstraction in 1995 Hinds-Ashburton Plain, note old
Zone boundaries are shown on this plot.
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Figure 8: Consented groundwater abstraction in 2005 Hinds-Ashburton Plain, note old
Zone boundaries are shown on this plot.
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Monitoring — Groundwater levels.

52. Changes in the water balance due to abstraction impact on groundwater
levels, and these changes are unavoidable if groundwater is to be abstracted.
Losses from the groundwater system cause overall declines in water levels
and the effects of abstraction drawdowns and the relocation of water from
underground to surface will also result in increased fluctuations in
groundwater levels.

53. Wetter summers (resulting in less border-dyke irrigation), drier winters, and
changes in irrigation practice, such as changing from border-dyke to spray
irrigation, will also affect groundwater levels, particularly those in shallow
wells (<30 m).

54. From water level records, the groundwater system looks to be in a reasonably
healthy state in both groundwater allocation zones, but decreasing trends in
water levels over the past few years are present. Figure 9 shows the water
level record for K38/0093, this well is 60 m deep and has one of the longest
records of wells in the Valetta Zone. Figure 10 shows the record since 2000.

K38/0093 Water level record
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Figure 9: K38/0093 Full water level record - Valetta Zone
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Figure 10: K38/0093 2000 + Water level record - Valetta Zone

55.

The observed declining trend is a result of the groundwater system attempting
to establish equilibrium due to cumulative effects from abstraction and,
probably, changes in the Valetta Irrigation Scheme.

Land Subsidence

56.

57.

58.

Land subsidence is the lowering of the land-surface elevation from changes
that take place underground. A common cause of land subsidence from
human activity is the pumping water, oil, or gas from underground reservoirs.

Land subsidence can cause many problems including: Changes in elevation
and slope of streams and drains; Damage to bridges, roads, storm drains,
sewers; Damage to private and public buildings, and even failure of well
casings from forces generated by compaction of fine-grained materials in
aquifer systems.

Documented cases of land subsidence commonly occur in thick
unconsolidated sequences of aquifers and aquitards. Aquitards with a high
proportion of silt or clay are particularly susceptible to compression, which
results in subsidence. Aquifer drainage can also result in subsidence but to a
much lesser amount because of the nature of the aquifer materials (gravels).

59.

No cases of aquifer, or aquitard, subsidence have been recorded in either the
Valetta or Ashburton River Zones. The aquifers are predominantly gravel
based and therefore there is little likelihood of aquifer subsidence.

60.

Water level changes in the old swamp areas are likely to result in some
consolidation of sediment deposits, however, the anticipated changes in water
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levels due to abstraction will be minor in comparison to those that have
already occurred during drainage of the area.

Saltwater Encroachment

61.

62.

63.

Under natural conditions, the seaward flow of groundwater prevents saltwater
from encroaching into coastal aquifers. Groundwater withdrawals lower
coastal water levels and can cause saltwater to be drawn landward and
upward toward the points of withdrawal. Saltwater intrusion reduces
groundwater storage, due to contamination of the aquifer, and can lead to the
abandonment of supply wells when salt concentrations become too high.
(Barlow, 2002).

Changes in aquifer pressures will also cause a shift in the saltwater-
freshwater interface. The location of this interface is a combination of
groundwater pressures/levels and groundwater flow, and it is the continual
offshore flow of groundwater that maintains the location of this interface. Any
reduction in groundwater levels will result in a reduction in offshore flow that in
turn will result in a movement in the saltwater-freshwater interface landward.

Outside of the bed of the Ashburton River, groundwater water gradients are
relatively high due to drainage via the sea cliffs that bound much of both the
Valetta and Ashburton River Zones. The probability of saltwater
contamination, as described above, is not high, however, further abstractions
will lead to migration of the saltwater-freshwater interface landward, due to a
reduction in groundwater flow discharging to the sea.

Concluding comments

64.

65.

66.

67.

68.

From my analysis of the Valetta and Ashburton River groundwater systems |
conclude that:

Any new abstraction of groundwater will result in an adverse effect on
groundwater levels;

Flows in the Valetta drains are dependent on groundwater levels. These
groundwater levels are impacted by: rainfall recharge; groundwater
abstraction and; changes in the recharge coming from the Valletta irrigation
scheme. The latter two factors will artificially reduce the reliability of supply to
water users of these drains.

The Ashburton River gains significantly from groundwater in its lower reaches.
Groundwater at all depths in this zone appears to interact to a high degree,
therefore any abstraction in the Ashburton River Zone will result in an adverse
effect on the base flow of the Ashburton River;

A consequence of the recent, rapid, development of the groundwater
resource is that the full environmental effect of existing consented takes will
not be realised until water use has stabilised, is quantified and, environmental
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69.

70.

data® can be collected over a duration sufficiently long enough to compare
with historical data from both Zones.;

Setting aside the effects due to the granting of new water, additional adverse
impact on the groundwater environment is likely to occur as existing users
utilise their allocated volumes to a greater extent through the trading of
volume surpluses and further on-farm intensification and irrigation.

In conclusion it is my advice that if coastal drain flows are to be retained it
would be prudent to limit further allocation of groundwater from the Valetta
Zone until the effects of existing groundwater takes and changes in the
Valetta Irrigation Scheme are realised, and; that due to the apparent
interaction of surface and groundwater in the Ashburton River Zone further
groundwater allocation needs to be limited at least until the restorative
changes to the surface flow via the Proposed Natural Resources Regional
Plan are implemented.

% Recharge, groundwater level and stream flow data
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Attachment 1. Water level vs. elevation plots



Valetta - Groundwater Level vs Elevation
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Figure 11: Valetta median water levels vs. elevation



Valetta - Groundwater Level vs Elevation
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Figure 12: Valetta median water level vs. elevations (<100 m)

Median water levels for wells in the Valetta groundwater zone, excluding shallow wells associated with shallow water from the Hinds River, have been plotted against ground
level. The datasets have been split into wells with a depth less than 30 m and those greater than 30 m. Figure 11 shows the entire dataset while Figure 12 shows the data set
at elevations less than 100 m. The red line indicates elevations representing the Valetta spring zone.

Note the water levels from all wells at lower elevations (40-100 m) are very similar, suggesting a high degree of interaction (Highest and lowest water level data produce similar
plots).



Ashburton River - Highest Groundwater Level vs Elevation
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Figure 13: Ashburton River median water level vs. elevations

Median water levels for wells in the Ashburton River groundwater zone have been plotted against ground level. The datasets have been split into wells with a depth less than
30 m and those greater than 30 m. Many shallow wells in these datasets are associated with shallow groundwater fed primarily by the Ashburton River.

In this plot some deeper wells in the upper zone have significantly deeper water levels than shallow wells. This is consistent with downward percolation of water form the
surface, resulting in increasing depth to water with increasing depth. However at lower elevations water level data is very similar at all depths, suggesting a high degree of
interaction..



Attachment 2: Table 1 Bores within and adjacent to the Valetta and Ashburton groundwater
zones with aquifer leakage values reported in ECan’s Wells database.



Table 1. Bores within and adjacent to the Valetta and Ashburton groundwater zones with aquifer
leakage values reported in ECan’s Wells database.

Depth Duration T L K'/B' Tso

Well No. . 2 S 1
(m) (mins) (m</day) (m) (day™) (days)

K36/0087 8.5 1560 6640
K36/0100 7.3 2783 4200 0.010000
K36/0102 6.0 2866 3670
K36/0113 4.8 997 3400 0.020000
K36/0436 111.2 1100 0.000060 2355 0.00019834 0.48
K36/0601 82.8 1440 3200
K36/0615 110.0 5810 7000 0.000200 5360 0.00024365 1.31
K36/0631 8.0 875 0.235000 120 0.06076389 ?
K36/0654 100.4 1650 2500 0.000200 1890 0.00069987 0.46
K36/0675 108.0 3777 2000 0.000100
K37/0029 61.6 412
K37/0073 149.8 20000 470 0.000240
K37/0338 12.2 1224 1010 0.004000
K37/0346 76 4320 9064 0.009000
K37/0427 9.7 1455 460 0.007000
K37/0432 8.3 330 3100
K37/0450 8.2 480 2521
K37/0638 115 2880 5670 0.010600
K37/1035 68.2 5760 3060 0.000540 3817 0.00021003 4.11
K37/1185 9.1 150
K37/1282 115.8 785 0.000080 2430 0.00013294 0.96
K37/1360 48.0 1062
K37/1500 172.0 3043 1800
K37/1609 60.0 2805 3210 0.000200
K37/1647 139.6 4326 200 0.000200 44721 1E-07 3.88
K37/1659 88.8 2912 640 0.000400 6780 1.3923E-05 46
K37/1703 119.4 4320 4600 0.000040 15000 2.0444E-05 3.12
K37/1752 95.2 2940 900 0.000200 2000 0.000225 1.42
K37/1765 54.0 2856 3600 0.000280 926 0.00419837 0.11
K37/1907 48.5 4309 1160 0.000100 1950 0.00030506 0.52
K37/2579 72.3 700 500 0.001000
K38/0385 8.1 960 1740
L37/0008 29.5 346
L37/0023 35.0 1200
L37/0030 38.7 222 10000 0.000200 2500 0.0016 0.2
L37/0044 36.0 1122 3925 0.000600
L37/0063 38.4 8650 0.000030 19363 2.3071E-05 2.07
L37/0075 37.2 680
L37/0143 40.0 615 500
L37/0144 40.0 720 3112
L37/0157 335 2660
L37/0169 35.7 1770
L37/0174 40.5 1400 4450 0.002400 219 0.09278372 0.04
L37/0199 85.7 900
L37/0352 23.2 10440 1870 0.000520
L37/0374 45.4 691
L37/0907 37.2 2880 530 0.000050 2830 6.6176E-05 1.2
L37/0978 5.0 1410 0.000128
L37/1171 30.0 650 1600 0.000100 600 0.00444444 0.04
L37/1187 715 1835 2700 0.001500 2780 0.00034936 6.91
L37/1209 43.1 3942 640 0.000250 930 0.00073997 0.54
L37/1245 40.4 106 330
L37/1246 36.7 145 190
L37/1282 75.6 1710 12000 0.000300 3464 0.00100006 0.48

L37/1486 96.6 2980 2065



GENERAL DESCRIPTION OF ENVIRONMENT

OF THE VALETTA-ASHBURTON RIVER GROUNDWATER ALLOCATION ZONES

Matt Smith 2008

Definition of terms used in this document (Porges & Hammer 2001):
Aquifer: Saturated permeable geological unit that is capable of yielding economically significant
quantities of water to wells and /or springs

Aquifer system; One or more aquifers, either continuous, or connected through leakage,
considered integrated at the scale of interest.

Aquitard: low permeability geologic material that retards, but does not completely halt,

groundwater flowing through it. It does not yield water in significant quantities to wells and/or
springs, but can be a significant source of groundwater storage.

GENERAL DESCRIPTION OF ENVIRONMENT

Groundwater in the Valetta-Ashburton River area is part of an extensive groundwater
system beneath the Canterbury Plains.

The Valetta-Ashburton River Groundwater Allocation Zones are not an isolated part of the
groundwater system, but are defined for water management purposes.

The groundwater resource is in hydraulic connection with surface water bodies such as
the Ashburton and Hinds rivers and a large number of coastal drains.

1. The Canterbury Plains, which run from the Ashley area in North Canterbury to the Timaru
area in South Canterbury and from the foothills in the west to the Pacific Ocean in the east,
form the largest area of flat land in New Zealand. The area is approximately 750,000
hectares.

2. The Plains comprise a basement of Torlesse greywacke overlain by layers of mudstone,
sandstones (Tertiary) and gravel with silt, clay and sand (Quaternary). The more recent,
Quaternary, deposits are gravel based and have been laid down by the successive
deposition of fluvioglacial outwash, interglacial and postglacial fans derived primarily from
the alpine river catchments.

3. The Plains are incised by three major alpine rivers, these being the Waimakariri , the
Rakaia and the Rangitata. Other smaller foothills rivers that flow across the Plains are the
Ashley, the Selwyn, the Ashburton (which is partly alpine and partly foothill), the Hinds, the
Orari and the Opihi. (See Figure 14).
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Figure 14: The Canterbury Plains

Groundwater underlies the plains from the Ashley area in North Canterbury to the Timaru
area in South Canterbury. Bounded by the foothills in the west and by the Pacific Ocean in
the east, water bearing strata are interconnected in varying degrees throughout the
Canterbury Plains. In particular, shallow groundwater is often closely linked to surface water
resources.

Groundwater Management

5.

For management purposes, 29 Groundwater Allocation Zones (Zones) have been
established by the Canterbury Regional Council (Defined in Schedule WQN4 of the
proposed Natural Resources Regional Plan (NRRP)). Zone boundaries are based primarily
on physical features such as the coast in the east, the foothills in the west and the major
and minor rivers. Figure 15 shows the Ashburton River and Valetta Zones.

The Valetta Zone is bounded by the Hinds River to the south, and the Ashburton River
Zone to the north, and is approximately 56,000 ha. The Ashburton River Zone boundaries
have been broadly based on surface catchment interpretation, with the nearest road
adopted as the boundary. The Ashburton River Zone is approximately 52,000 ha, which
includes some riparian areas of the Ashburton River.

Variation 4 of the NRRP notified on the 23rd of June 2007 included a change to the location
of the boundary of the Valetta Zone. It was recommended that the Hinds River
(southernmost legal boundaries) be adopted as the Zone boundary as it is a natural
geographical feature that can easily be identified (Smith, 2007).



Figure 15: Valetta-Ashburton River Zone boundaries as adopted in Variation 4 of the proposed

NRRP

Geological Setting

8.

10.

The Hinds and Ashburton rivers occupy the inter-fan depression between the larger
Rangitata and Rakaia river outwash fans. The Ashburton River itself has transported
significant amounts of glacially derived sediment and has built its own outwash fans to a
lesser degree. The Hinds River, similar to the Selwyn River in nature, does not have a
large alpine type catchment, and as a consequence of the fan formation process of the
larger rivers, is situated in an inter-fan depression.

The Hinds River, and to a lesser extent the Ashburton River, being located in an inter-fan
depression is not as efficient at transporting sediment, as the larger alpine rivers, due to
lower flow gradients and lower flow volumes. As a consequence, a comparatively large
amount of fine sediment has been deposited toward the coast resulting in the formation of a
swamp/wetland environment.

In the Valetta Zone these swamp deposits built up to the extent that the Hinds River was
cut off from the Pacific Ocean. All water draining from the Hinds surface system ended up
in a swamp, which was then drained by a few natural depressions. This swamp was
drained artificially in the late 1800’s and the Hinds River opened to the sea via a direct cut
in 1870 (Mitchell, 1980).

Rivers and streams

11.

The main rivers relevant to the Valetta and Ashburton River Zones are the Ashburton River
and its tributaries, the Hinds River and its tributaries, and the Rangitata River. The



Rangitata River is included because, although not in either of the Zones, it provides water
via the Rangitata Diversion Race (RDR) for irrigation in the Valetta and Ashburton River
Zones and at times is used to supplement the Ashburton River. See Figure 16.



