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BELLGROVE SUBDIVISION
1.0

Introduction

Bellgrove Rangiora Limited (BRL) are proposing to develop Stage 1 of a proposed residential development
at 52 Kippenberger Avenue in Rangiora. Stage 1 of the development will involve construction of several
stormwater infiltration basins located at the eastern edge of the Stage 1 area. Discharge of stormwater to
groundwater via infiltration basins can pose a risk to groundwater quality downgradient of the basins,
particularly with respect to bacteria. This letter considers the potential effects of that discharge on
downgradient receptors, including downgradient domestic supply bores. A map of the site is shown in
Figure 1.

2.0

Hydrogeological setting

The Canterbury Plains comprise a series of large coalescing fluvio-glacial fans built by the main stem rivers
(e.g., the Rangitata, Rakaia, Waimakariri and the Ashley Rivers). During successive glaciations when
glaciers partly occupied the inland valleys and extended to the eastern foothills, large quantities of detritus
eroded from rapidly rising mountains. Gravel with sand and silt material was transported eastwards and
deposited to form the gravel dominated alluvial fans of the Canterbury Plains that extend beyond the
present-day coastline. During these glacial periods, some re-sorting of the gravel deposits occurred due to
alluvial processes (Begg, 2015). During the warmer interglacial periods, the glaciers retreated up the
valleys and less eroded gravel material was transported out onto the plains. However, alluvial processes
continued to re-work the gravels.
Beneath Rangiora there are zones of well sorted, more permeable gravels created by alluvial re-working
processes, in addition to some zones of more poorly-sorted gravel. The gravels are expected to be several
hundreds of metres thick in this area and overlie the basement rocks.
The site is located on the eastern outskirts of Rangiora and the geological map of the area indicates that
the strata in this area are predominantly made up of recently deposited river gravels (Q1), likely associated
with the Ashley River.
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To the west of the site the geological map identifies the strata as consisting of older river gravel deposits
(Q2), although in practical terms local drillers logs indicate little difference between the two deposits; both
are described as gravels or claybound gravels in the logs.
Groundwater in the area is recharged by a combination of rainfall infiltration together with seepage losses
from the Ashley River. Based on data available on the ECan online GIS database, piezometric contours for
shallow groundwater (from June 2010) indicate that groundwater flow directions are from the north-west
to the south-east (i.e., originating from the Ashley River). Groundwater in the area discharges into spring
fed streams including the Cam River which runs through the site and where multiple springs are mapped
on ECan’s database. The contours imply an average groundwater gradient of 0.004.
Based on the piezometric contours, shallow groundwater levels are typically within 1 to 2 m of the ground
surface. Some on site monitoring of groundwater levels has also taken place at the monitoring bore
locations shown in Figure 1, attached. Groundwater levels collected at these locations indicate that
typically, levels range between 1 and 4 m below ground level. At the site closest to the proposed
infiltration basins (BH08), groundwater levels have varied between 1.1 and 2.45 m bgl. Groundwater
levels have been monitored at approximately monthly intervals in the bores between July 2020 and June
2021 and the deepest (i.e., lowest) groundwater levels were recorded in April 2021, with the highest
groundwater levels recorded in June 2021. A plot of the groundwater levels in the onsite monitoring bores
is shown in Figure 2 below.

Figure 2: Observed groundwater levels
The upper part of the Cam River / Ruataniwha emerges near the western boundary of the proposed
subdivision approximately 150 m to the north-east of the infiltration basins. Figure 1 (attached) shows a
large number of mapped springs in the bed of the stream which supports a significant connection between
the stream and shallow groundwater.
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There is limited information available regarding aquifer properties in the area. The results of short term
(i.e., step drawdown) pumping tests are available from three bores located between East Belt and
Golf Links Road. These indicate a range of transmissivity values from 800 m²/day (bore M35/18544,
30 m deep) to 10,000 m²/day (bore M35/0242, 9.6 m deep). Based on the Schedule 12 tool available via
the Environment Canterbury website, the average transmissivity estimated from specific capacity data1
from nearby bores is high at around 6,700 m²/day. Allowing for a 20 m thick aquifer, that implies an
average hydraulic conductivity of 335 m/d, although the range of transmissivity values implies that higher
hydraulic conductivities may occur within the area.

3.0

Potential groundwater receptors

The key receptors to effects on groundwater quality as a result of discharges from the stormwater basins
are downgradient water supply bores. The location of these bores is shown in Figure 3 and they are
categorized according to their use. Shallow bores used for drinking water supplies supply are vulnerable
to potential bacterial contamination from stormwater and other contaminant sources and it is important
shallow bore supplies are appropriately treated. The drinking water limit for E. coli is 1 cfu/100 ml
(NZDWS, 2018) and we have applied this concentration as a threshold of effects on the nearest bores.
The closest bore to the proposed stormwater infiltration basins is around 80 m from the south – eastern
corner of the site (i.e., Basin Facility 1). Bore M35/7708 is listed as being 13.3 m deep and used for
domestic supply. Other shallow bores used for domestic supply are also located within 200 m to 300 m of
the boundary of the site.
The closest bore to Basin Facility 2 (on the northern side of the Cam River / Ruataniwha) is bore M35/5051
(8 m deep), which is around 130 m from the basin. This bore is located slightly cross gradient from the
basins, however we have considered this as the closest bore as potential mounding effects caused by
stormwater discharge can cause cross gradient flow.
We note that there are several springs identified along the banks of the Cam River / Ruataniwha directly
downstream of the site, which suggest that the river likely gains from shallow groundwater in this area.
Therefore, the river is also considered a receptor to bacterial discharges from the infiltration basins.
However, the risk to the river is considered in the context of existing levels of bacteria within the
waterway, and that water from the river is not used as a direct drinking water supply. Any discharge from
the basins into the river would also need to consider the effect of dilution within the waterway which is
poorly defined. Given these issues, effects on the river have therefore not been assessed at this stage.

4.0

Existing groundwater quality

Limited information regarding existing groundwater quality is available and therefore groundwater quality
samples were obtained from the piezometers located on site. Two piezometers (BH07 and BH08) were
sampled on Friday 11 February 2022 and the lab results are attached to this letter. The results showed
that no E. coli was detected in BH07, but 3 MPN / 100 ml was detected in BH08. The results indicate that
some E. coli is present in background shallow groundwater quality, as would be expected for shallow
groundwater in this area.

1

Based on the relationship between transmissivity and specific capacity described in Bal (1996).
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5.0
5.1

Contaminant modelling
Modelling Methodology

The risk to downgradient groundwater receptors arises from both short term, relatively high flows from
the infiltration basins, and also from longer term discharges.
The groundwater system above has been modelled using a three dimensional analytical model that allows
for analytical solution of equations for contaminant transport. The model assumes that the aquifer is
infinite in extent, homogenous and isotropic. The stormwater discharge is modelled as a constant
concentration and mass flux line source within the aquifer and the line source is set at the downgradient
(south-eastern) edge of the stormwater facilities zone. This is conservative as in reality the discharge of
stormwater contaminants is dispersed over a large area rather than concentrated along a discrete line.
Aurecon have provided stormwater discharge rates into the infiltration basins. Based on a worst case 1 in
50-year event, a first flush event over two hours (26 mm) could reach 810 m³ in Basin Facility 1 and 384 m³
in Basin Facility 2. However, long term average annual discharge rates would be much lower, estimated at
68,572 m³/year (2 L/s) for both facilities. The width of the line is set to 100 m for Basin Facility 1 and 65 m
for Basin Facility 2.
Initial concentrations of E. coli within stormwater are highly variable. Auckland Regional Council Technical
Publication 10 (ARC TP 10, 2003)) lists Faecal Coliform loading rates for a variety of different landuses,
including Residential (high) landuse. These values (1.5 x 1010 cfu / ha / year) are considered to represent a
reasonable estimate of annual average loading rates and have been adopted for the modelling. For the
purposes of the model it is assumed that all Faecal Coliforms are E. coli.
Based on the loading rates from ARC, an area of 20 ha and the average flow into the infiltration systems, a
constant source concentration of 438 cfu / 100 ml has been calculated. We have also allowed for a
reduction in E. coli concentrations of 60% (CCC, 2012) as the discharge passes through the base of the
infiltration basin, resulting in a modelled starting concentration of 175 cfu/100 ml. As a worst case
scenario, it has been assumed that no E. coli is removed from stormwater as it filters through the
unsaturated zone beneath the discharge location and the full initial concentration is applied at the water
table.
We have also allowed for a high concentration, first flush event, where concentrations of E. coli can reach
values of up to 24,000 cfu/100 ml. In keeping with the estimate of average discharge rates, we have
allowed for a 60% reduction in concentration as the first flush passes through the infiltration basin,
resulting in an estimated starting concentration of 9,600 cfu /100 ml.
Bacterial concentrations will reduce over time through natural decay and this decay is represented in the
model as a temporal decay constant, i.e., a daily decay rate based on a logarithmic decline in
concentrations. There is uncertainty regarding the decay constant and it is poorly defined, with a range of
values reported in literature that vary based on environmental conditions including groundwater
temperature. In previous work we have used a value of 0.15, which only allows for natural die off.
However, bacteria can be removed from groundwater along a flow path via filtration effects. Therefore,
only using a die off rate is a conservative approach.
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We have conservatively used an effective porosity value of 0.13 in the model to estimate groundwater
flow velocities, which is at the low end of effective porosity values determined in tracer tests in Canterbury
(Dann et al., 2008). Based on this value, an average hydraulic conductivity of 335 m/d and a hydraulic
gradient of 0.004 implies an average flow velocity of 10.3 m/d. However, much higher flow velocities can
occur in preferential flow pathways and we have also allowed for a conservatively high groundwater
transport velocity of 200 m/d in the analytical model.
The other major process that acts to reduce contaminant concentrations within groundwater is dispersion.
Typical values for dispersion are used in the model, as follows:

5.2

•

longitudinal dispersion = 10 % of the travel distance (i.e., dispersion in the direction of
groundwater flow);

•

lateral dispersion is set to 10 % of longitudinal dispersion (i.e., dispersion perpendicular to
groundwater flow); and

•

vertical dispersion is set to 10 % of lateral dispersion.
Modelling Scenarios

Four modelling scenarios were used, described below. These account for the range of potential hydraulic
conductivities in the local strata, as well as the potential range of discharge rates from the basins:
•

Scenario (i) Yearly average scenario, where the source is represented as a line source extending
across the downgradient edge of the stormwater management zone (line length of 65 or 100 m).
Hydraulic conductivity is set to an average value of 335 m/d (pore velocity of 10.3 m/d based on a
porosity of 0.13) and this scenario uses the average yearly flow from the stormwater discharge
locations (188 m³/day split across the two basins). Source concentrations are set to
175 cfu/ 100 ml.

•

Scenario (ii) A high conductivity yearly average scenario, where a higher hydraulic conductivity
through a preferential flow channel around one stormwater discharge. Preferential channels
typically make up around 1 % of the aquifer matrix (Dann, 2008) and a conservative assessment
assumes that the preferential channels are concentrated into one area. The line source
representing the preferential channel has therefore been modelled as approximately 1 % of the
total width of the Bellgrove infiltration basins (either 100 m or 65 m). Accordingly, modelled
stormwater flow into the basin was set to 1% (1.7 m3/day) of the average yearly flow.
The pore flow velocity was set to 200 m/d to model a preferential flow path and the source
concentration was set to 175 cfu / 100 ml.

•

Scenario (iii) First flush scenario. This scenario considers the effect of a very high concentration
of E. coli (9,600 cfu / 100 ml) introduced during a first flush event, albeit for a short time period.
Total flow to the infiltration basins for this scenario is calculated based on a one in 50 year two
hour rain event (total of 26 mm) and hydraulic conductivity is set to 335 m/d (flow velocity
of 10.3 m/d). In Basin Facility 1, Aurecon indicate an infiltration volume of 810 m³ and in Basin
Facility 2 Aurecon indicate an infiltration volume of 384 m³ over these time periods.

•

Scenario (iv) High conductivity first flush scenario, which considers the potential effect of a first
flush event in a high conductivity preferential flow channel. The pore flow velocity was set to 200
m/d to model a preferential flow path and the source concentration was set to 9,600 cfu / 100 ml
for this event. Total flow to the infiltration basins for this scenario is calculated based on a one in
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50 year two hour rain event (as in (iii) above). In the same way as Scenario 2 above, we have used
1 % of the flow to allow for the flow into a preferential channel.

5.3

Modelling results

The following table outlines the results of the model scenarios described above, in terms of the effect on
the nearest downgradient receptors.
Table 1: Modelled E. coli concentration results (cfu/100 ml)
Scenario

Analytical model
concentration at closest bore
(M35/7708, 80 m away) to
Basin Facility 1
(south of Cam River)

Analytical model
concentration at closest
bore (M35/5051, 120 m
away) to Basin Facility 2
(north of Cam River)

(i) Yearly average

4

3

(ii) High conductivity yearly average

<1

<1

(ii) First flush

<1

<1

(iv) First flush and high conductivity

3

2

The results indicate a range of possible concentrations at the closest downgradient bores. Based on the
analytical model, concentrations may exceed the drinking water standard at the downgradient bores
under two of the four scenarios.
Although there is a range, the results indicate that there may be potential issues at the closest
downgradient bores to the infiltration basins. Based on the analytical solutions using a temporal removal
rate, bacterial concentrations would be expected to reduce to less than 1 cfu/100 ml within a maximum
distance of around 160 m from the infiltration basins under the high conductivity / first flush scenario
(Scenario 4). However, this assumes a good connection between the infiltration basins and affected bores
and this distance also assumes the affected bores are screened across the water table where the highest
concentrations would be expected. Where that is not the case, lower concentrations would occur.

6.0

Conclusion

Based on the results of the assessment, there is some risk to nearby downgradient bores from potential
bacterial concentrations within 160 m discharge from the infiltration basins, however we note that this is a
conservative assessment. Possible management options to address this risk include:
Option 1
One option is to contact the three affected bore owners within a distance of 160 m to firstly confirm that
their bore is in use and the level of treatment provided. It may then be appropriate to seek their approval
or potentially offer mitigation such as a UV filter for their domestic supply if they do not have adequate
treatment, but recognising that treatment should already be being provided due to the risk to these bores
from existing sources, as shown by the water quality sample results.
A map showing the location of bores identified on ECan’s GIS system as being used for domestic supply
within 160 m of the site is provided in Figure 3. One of the bores in Figure 3 is just outside the 160 m
calculated extent of potential effect (M35/5357). We recommend that those bore owners are also
contacted as the locations on bores on the Environment Canterbury are not necessarily accurate and
acknowledging a degree of uncertainty with the modelling.
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Ensuring adequate treatment was in place for down-gradient bores would help mitigate the risk to the
downgradient bores.
Option 2
A second option is to install monitoring bores downgradient of the proposed infiltration basins. The
assessment above is conservative as it does not allow for filtration of bacteria along a flow path between
the infiltration basins and the downgradient bores and is based on a minimum value of a range of bacterial
removal rates within the infiltration basin. The purpose of the monitoring would be to confirm whether
the assessment above is realistic and to help clarify the risk to the downgradient bores. However, we note
that monitoring itself does not change the risk to the downgradient bores.
The highest modelled concentrations are due to the long term average scenario, which implies that
monitoring can be used to reflect the effects of the basin in general downgradient strata. In terms of the
requirements for monitoring:
•

Monitoring bores would be best located 20 m downgradient of each basin and screened across
the water table, allowing for the full range of water level fluctuations.

•

Monitoring would need to occur within 24 hours of a rainfall event and ideally occur at least four
times per year. Rainfall events should be defined as events with around 20 mm rainfall within
24 hours to ensure that the samples are representative of the effects from the stormwater
basins.

•

Samples should be analysed for concentrations of E. coli.

The results of the monitoring should be compared to the modelled concentrations at a similar distance
from the basins for scenario 1, where that modelled concentration implies <1 cfu/100 ml E. coli at the
downgradient bore:
•

For the southern basin (Infiltration Basin 1), the observed concentrations should be compared to a
modelled concentration of 9 cfu / 100 ml at a distance of 20 m from the edge of the basin.

•

For the northern infiltration basin (Infiltration Basin 2), the observed concentrations should be
compared to a modelled concentration of 22 cfu / 100 ml at a distance of 20 m from the edge of
the basin.

If monitoring is used as a management option as part of appropriate consent conditions, it would be
helpful if a dataset of baseline information were collected prior to the stormwater infiltration basins being
used. The existing water quality data indicates that some E. coli are present in the background
groundwater, as expected, but gives limited information regarding the potential range of background
concentrations. Background monitoring would help demonstrate the extent to which elevated E. coli
concentrations occur naturally in shallow groundwater in the area.
Monitoring should continue until two years after the subdivision is substantially developed. If at that time,
the monitoring data shows concentrations downgradient of the infiltration basins are consistently within
the thresholds described above (allowing for background concentrations), then monitoring could cease. If
monitoring exceeds the thresholds above, then the downgradient bores owners should be contacted in
line with Option 1 to ensure appropriate treatment is in place to help mitigate potential effects. It is
important to acknowledge with the above monitoring that the full range in down-gradient concentrations
may not be captured in the proposed discrete sampling events and there is uncertainty in microbial
transport. Should higher concentrations occur, this may result in adverse effects on the down-gradient
bores. These effects may not be mitigated if there is no or inadequate treatment, recognising however
that all shallow downgradient bores should be receiving treatment, given they are already vulnerable to
microbial contamination.
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8.0

Limitations

This report has been prepared by Pattle Delamore Partners Limited (PDP) on the basis of information
provided by Aurecon and others (not directly contracted by PDP for the work), including Environment
Canterbury. PDP has not independently verified the provided information and has relied upon it being
accurate and sufficient for use by PDP in preparing the report. PDP accepts no responsibility for errors or
omissions in, or the currency or sufficiency of, the provided information.
This report has been prepared by PDP on the specific instructions of Aurecon for the limited purposes
described in the report. PDP accepts no liability if the report 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.

© 2022 Pattle Delamore Partners Limited

Yours Faithfully

PATTLE DELAMORE PARTNERS LIMITED
Prepared by

Reviewed and approved by

Neil Thomas

Hilary Lough

Service Leader - Groundwater

Technical Director – Water Resources
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