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Introduction
1

As directed by the minute of the Commissioners signed on 4 March
2019 conferencing of water quantity expert witnesses has taken place
through the exchange of information and a meeting on 4 March 2019 at
the offices of Christchurch City Council.
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The conferencing was attended by:
(a)

Graham Harrington (on behalf of Christchurch City Council)

(b)

Thomas Parsons (on behalf of Christchurch City Council)

(c)

Robert Potts (on behalf of Antonio and Kerrie Rodrigues)

(d)

Michael Law (on behalf of Canterbury Regional Council);

This Joint Statement records the areas of agreement and disagreement
between the experts.

Code of Conduct for Expert Witnesses
4

The witnesses confirm that in producing this Joint Statement they have
read and complied with the Environment Court Consolidated Practice
Note 2014 – Expert Witness Code of Conduct.

Issues
5

This joint statement considers issues relating to the Styx catchment that
were either raised by submitters following release of our joint statement
dated 5 February 2019, or as a result of new investigations by
Christchurch City Council and as directed by the Hearing Panel. Issues
considered are:
(a)

Infilling of land and reinstatement of Barkers Drain

(b)

Groundwater in the Brooklands Vicinity

(c)

Flooding mechanism at Earlham St

(d)

Pūharakekenui / Styx River Weed effects at Earlham Street

(e)

Five Year Flood Levels at Harbour Rd

(f)

Acceptability of the Proposed Mitigation

(g)

Augmentation of spring flows in the Pūharakekenui / Styx River
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Infilling of land and reinstatement of Barkers Drain
An enforcement investigation is being undertaken by the Council that will
consider the legality of the import of material used to raise land in
Brooklands. Mr Potts and Mr Law welcome this.
The experts agree that Barkers Drain performs a useful purpose in
conveying water away from flood prone property on Earlham St. This
reduces flood risk in smaller events, and reduces the duration of flooding
in larger events. However, reinstatement of the drain will not reduce the
depth of flooding in large events.
Mr Harrington noted that there was a one-way flap gate on the Brooklands
Lagoon outlet of Barkers Drain to prevent the ingress of lagoon water into
the drain, but that it had been removed by persons unknown without
authorisation from the Council. The experts agree that the gate should be
re-instated and this has now been done.
Experts agree that this issue is predominantly a local flooding or drainage
issue and is not directly related to the stormwater effects of urbanisation
being addressed in this CRC190445 application. The filling that has been
undertaken on properties adjoining the Rodrigues’ properties will have an
immeasurably small effect on flood levels in the river as the fill is a very
small percentage of the total floodplain storage in the lower Pūharakekenui
/ Styx. However they will have more significant local effects, as discussed
in the first joint statement. If this type of filling were undertaken more
broadly then catchment / river level effects could be significant.
The cumulative effects of widespread filling within the floodplain would be
to elevate flood levels generally and increase flood depth on properties that
have not been filled. It is for this reason that filling activities are controlled
through district plan zoning. These potential effects are independent of the
effects of upstream urbanisation and, if realised, would add to the effects
of urbanisation.
It is unlikely to be feasible or viable to create compensatory storage in the
lower floodplain to manage the effects of urbanisation as the applicant
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would need to access large areas of land above groundwater levels to have
beneficial effect.
Reinstatement of the floodplain storage adjacent to the Rodrigues’
properties and reinstatement of Barkers Drain will reduce the duration of
flood ponding on the property in order to manage any local drainage effects
on the property that arise from filling. Given that any effects of loss of
floodplain storage will not be significant in the wider context, the
topography following the resolution of any enforcement matter can be used
for testing compliance under CRC190445.

Groundwater in the Brooklands Vicinity
Mr Potts’ evidence of 20 February 2019 recommends that the conditions
of this consent require “restoration of drainage” by means of restoration of
Barkers Drain. In paragraph 6 he says that groundwater levels are closely
related to river water levels. He implies that this means that the stormwater
discharge into the Pūharakekenui / Styx River would increase surface
water ponding in the Earlham St area, so the need for the drain is a
consequence of the stormwater discharge.
Having now inspected detailed high resolution plots of groundwater and
river levels over a shorter time scale when both were recorded by data
logger, the experts agree that groundwater appears to be generally
recharging Pūharakekenui / Styx water levels in the Brooklands area and
are primarily driven by upgradient local rainfall recharge. Tidal influence
and river level relationship are evident in the groundwater level record, but
to a lesser extent than local rainfall recharge.
Experts agree that sustained high groundwater levels in the Earlham St
area are therefore not related to urbanisation effects in the upper
catchment. Reinstatement of Barkers Drain is highly unlikely to notably
lower groundwater levels about Earlham Street, rather its primary purpose
is the quicker drainage of water on the surface.
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Flooding Mechanism at Earlham St
In Mr Harrington’s Evidence in Chief, at paragraph 95 he described the
above floor flooding risk at the Rodrigues’ address in a 1 in 50 year event
and adopts of the evidence Mr Eastman presented at the Pūharakekenui /
Styx Stormwater Discharge Consent CRC131249. Mr Harrington stated
that the above floor flooding from the Pūharakekenui / Styx River would not
occur in the flood caused by the 50 year rainfall event with future
development, climate change and partial mitigation measures.
This assertion was based on a comparison of river levels at Earlham Bridge
and floor levels at the Rodrigues’ address and remains true for the
calibrated weed scenario, which is the one that was used in Mr Eastman’s
evidence and which was used for the water quantity joint experts’
statement.
Subsequently, Mr Harrington noted that flood levels at the Rodrigues’
address were higher than at the river due to the modelling scenario which
includes 0.5m sea level rise which results in water spilling from Brooklands
Lagoon towards the river, and across the Rodrigues’ property.
Experts agree that the calibrated weed model shows the water level in the
Pūharakekenui / Styx River at Earlham St to be lower than the Rodrigues
floor level in a 50 year rainfall event.
Experts also agree that the model shows flooding of Rodrigues floor in the
calibrated model is principally a result of the assumed 0.5m sea level rise
in this modelled scenario but as explained below, other factors also impact
on this.

Pūharakekenui / Styx River Weed effects at Earlham Street
For the purposes of the joint statement Mr Harrington and Mr Parsons
tested the sensitivity of the model to different weed conditions for both a
10 year and a 50 year rainfall event including 0.5 m of sea level rise. The
first joint statement records the main channel effects, particularly in the 10
year event.
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The new information introduced here arises from reviewing the results of
running a scenario that combines a 50 year rainfall and high weed for the
Rodrigues’ property. This combination is likely to deliver a flood level
greater than a 1 in 50 year flood event as the high weed scenario is not
likely during the majority of the year (this is discussed further below). The
model in fact predicts that in that event, the river levels will be at the floor
level. The model results indicate an increase in main channel flood level
of approximately 110 mm in this high roughness scenario above the level
in the earlier calibrated roughness scenario. The floor level of the
Rodrigues property has been surveyed at 10.75m Christchurch District
Datum (CDD).
This change in river flood level does not materially affect predicted flood
levels at the Rodrigues’ house. The model shows changes in flood level of
less than 20mm at their house. This is because flood risk at the property
in both these scenarios is dominated by tidal flows (from the 0.5m sea level
rise) overtopping of the sand dunes from Brooklands Lagoon. (See the
cross-section and the table of water levels below)

Cross Section Parallel to Earlham St as shown in the Maps in Appendix A
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Table of 50 year Rainfall modelled water levels
50-year water level at…

Calibrated
weed

High
weed

Difference
(High-Cal.)

MPD with SLR* & Mitigation
10.64
10.75 +110 mm
Earlham Bridge
ED with SLR
10.55
N/A
N/A
ED with no SLR
10.32
10.45 +130 mm
MPD with SLR & Mitigation
10.83
10.85
+20 mm
Rodriques’
10.83
N/A
N/A
ED with SLR
Property**
dry
dry
0 mm
ED with no SLR
MPD no SLR & Mitigation
N/A
N/A
N/A
MPD with SLR & Mitigation
10.60
10.74 +140 mm
Harbour Rd
ED no SLR
10.29
10.42 +130 mm
ED with SLR
10.52
N/A
N/A
*SLR = Sea level Rise
** The flood levels from the modelled 50 year tidal scenario are above the 50
year rainfall scenario

Flood Maps in are shown in Appendix A
The sea level rise assumption of 0.5m has been used since the modelling
for the original Pūharakekenui / Styx SMP.
This demonstrates the complexity of defining the 50-year flood in the
Pūharakekenui / Styx catchment; it being a combination of rainfall, extent
of urbanisation, tide level, sea level rise and weed growth. The complexity
also includes the timing of the high tide in relation to the peak of the flood
and the timing of maximum weed growth with the occurrence of a flood
event.
For example, it could be argued that assuming that the high weed scenario
lasts for three months, and that a 50-year rainfall event could happen in
any part of the year, then the probability of a 50 year flood event occurring
during at high weed condition is in the range of 1 in 200 year event.
It would be necessary to reduce the rainfall event to a 12.5 year return
interval in order to return the high weed modelled flood scenario to a 50
year event. This would greatly complicate the baseline for assessment of
options.
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Therefore, the experts agreed that the 50-year rainfall should be used to
define the 50-year flood, and the most appropriate other variables (weed
scenario, sea level, etc) be fixed for the purpose of assessment against the
Schedule 7 targets of the proposed consent conditions. Schedule 7 directs
a compliance assessment to consider the environmental conditions (e.g.
sea level, river cross-section or baseflow) at the time of the assessment
for comparison against the baseline year scenario (i.e. lower impervious
and lesser mitigation). In the instance of the Pūharakekenui / Styx River
catchment the baseline year being 2016. It is agreed by the experts that a
mid-point bed roughness scenario (to reflect an ‘average’ weed condition)
would be appropriate to adopt for the purpose of the assessment which
may, or may not, reflect the prevailing weed condition at the time of the
assessment.
As discussed at paragraphs 33 and 34 of the first joint statement, the range
of roughness values used to represent the extreme weed conditions in the
model sensitivity testing were between 0.04 and 0.15. The exact value of
the mid-point weed roughness to be used for purposes of future
assessments is best considered as part of the weed investigations that
were recommended in the first joint expert statement and through the
earlier review of the Pūharakekenui / Styx Stormwater Management Plan,
which the applicant is now proposing. In the interim, should an assessment
of compliance against the consent conditions be required it would be
appropriate to use the calibrated weed condition as currently modelled as
it produces roughly mid-point future flooding results as discussed in
paragraph 35 of the first joint statement.
Experts advise that an operational approach to trigger the prioritisation of
weed clearance in the Pūharakekenui / Styx River based on a baseflow
water level of 10.1m at the Lower Pūharakekenui / Styx Gauge as a
practical way of ensuring weed is transparently managed in the short-term
until investigations are undertaken for an updated SMP in 2021 at which
time such an approach would be reviewed
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Five Year Flood Levels at Harbour Rd
Commissioners have requested information on 5 year flood levels at
Harbour Rd. There is limited modelled information available for a 5 year
rainfall only event.

The modelling that has been done is mostly for

50 year events which are determined as the maximum level generated of
either a “50 year rainfall and a 5 year tide” or a “50 year tide and a 5 year
rainfall”.
Results are therefore available for a “5 year rainfall with a 50 year tide”. In
the river reach upstream of tidal effects this result would reasonably
represent a 5 year flood event but in strongly tidal areas, such as requested
for Harbour Rd, the level would certainly be in excess of a true 5 year
rainfall event. Some modelling information related to the 5 year rainfall and
50 year tide has already been presented in Mr Harrington's EIC Appendix
A Table 1. (Q5-50T results). This shows that at Harbour Rd the particular
modelled scenario indicates a rise of 20mm for MPD above the ED results.
It is notable that in the non-tidal river reach upstream of the Prestons
subdivision outfall, the mitigated MPD result is 10mm lower than the ED
result. This indicates that the modelled mitigation is over-compensating for
the small (5 year) return interval events, as was mentioned in response to
questions during the hearing. Whether such a result would also arise at
Harbour Rd is speculative and would require the model to be re-run with a
1 year tide to demonstrate that this is so.
Acceptability of the Proposed Mitigation
The Hearing Commissioners minute of 4 March indicates that they will
need to form an opinion on the acceptability of the proposed stormwater
partial mitigation. The relevant model data is presented in the table above
and already discussed in relation to the effects of weed growth and 5 year
events.

A brief further discussion of modelled information is presented

below which may be of assistance to Commissioners’ decision making.
The modelling using the calibrated weed condition shows an 80mm rise in
the level at Harbour Rd from the existing development (ED) to the
maximum probable development (MPD). (Note that Schedule 7 of the
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proposed consent conditions allows for 120mm increase which was
originally stated in the Pūharakekenui / Styx SMP as “100mm plus or minus
20mm” to allow for modelling tolerances. The modelled 80mm is 100mm
minus 20mm)
The equivalent MPD-ED difference at Earlham St Bridge is 90mm. The
resulting river water level (10.64 m) is lower than the Rodrigues floor level
(10.75 m) but the flood level at the property is above the floor level. The
predicted future flood level (10.83 m) with climate change effects but
without urbanisation would result in flood levels above the height of the
floor of the dwelling.

The inclusion of increased urbanisation with

mitigation does not materially alter the predicted flood level at the property.
Sea level rise forms part of the future environment being modelled and is
taken into account when assessing effects of urbanisation in accordance
with the assessment method outlined in Schedule 7. The tidal statistics
current at the time of the assessment will be used to test compliance with
Schedule 7 so that the effects of the urbanisation are identified in isolation,
even if they are less than the effects of sea level rise. It is acknowledged
by all experts that managing sea level rise is not in the remit of CCC under
this application.
Augmentation of spring flows in the Pūharakekenui / Styx River
This matter was included in Mr Harrington’s draft supplementary evidence
and it is included here for ease of reference and to indicate the technical
support for the opinion.
When Mr Robertson was presenting his submission on 13 November 2018
he expressed a concern that the Council diverts artisan water from the Ka
Putahi into the Pūharakekenui / Styx and that this increases flood risks.
That diversion does occur but, in the experts’ opinion, it does not increase
flood risks. The augmentation of flow in the upper Ka Putahi amounts to
about 1% of the base flow in the Lower Pūharakekenui / Styx River. There
is currently no natural spring water at the augmentation point. If the spring
water was present then it would not cease during a rainfall event. The
catchment area above the augmentation point is very small and so the
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natural flow of surface water from this catchment would be unlikely to
replace the augmented flow during a rainfall event if the augmented flow
was turned off. Manipulation of this flow during rainfall events would risk
dewatering the stream at its upstream end and damaging the stream life
for a less than minor impact on flows lower down in the river.
Flood Maps
Flood Maps requested in the Commissioners Minute of 4 March 2019 are
appended. These include the location of the Earlham St cross section.
The maps show the modelling results for the high and calibrated weed
scenarios with maximum probable development, +16% rainfall adjustment,
0.5 m sea level rise and partial mitigation. The results show the effect of
the weed away from the main channel. In summary the results show;
similar flood extents in the lower floodplain, an increase in flood extent in
the mid reaches (above lower Styx Road), an increase in flood depth on
the Lower Pūharakekenui / Styx ponding area and little change in depth on
the Brooklands / Earlham Street area.
A 50 year flood map was requested in minute dated 14 March 2019 and is
also appended. This map was used to inform the Pūharakekenui / Styx
River SMP consent and is the combination of the 50 year rainfall and tide
event model result for the maximum probable development with mitigation
scenario. This modelling utilised the calibrated roughness values.

Signed

__________________________

Graham Harrington

__________________________

Thomas Parsons

__________________________

Robert Potts

__________________________

Michael Law
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Appendix A Flood Maps requested by Commissioners
High Weed Depth Map
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High weed Level Map
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Calibrated Weed Level Map
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Calibrated Weed Depth Map
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MPD with Mitigation and Climate Change 50 year Flood Depth Map for
Calibrated Weed

