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Figure 6-5

Predicted peak flood profiles in off-channel storage basin along right bank of river for existing and proposed situations and varying flood
magnitudes (SH1 bridge remaining in place).
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Figure 6-6

Predicted peak flood level profiles in off-channel storage basin along right bank of river for existing and proposed situations and varying
flood magnitudes (SH1 bridge removed).
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The levels of the 0.2% ±CC 2130 flood (average climate change scenario) in the Ōtaki River are high
enough to fill both parts of the off-channel storage basin although there is a head differential across the
Expressway embankment with higher water levels in the eastern part (upstream side of embankment)
and lower levels in the western part (downstream side of the embankment).

With respect of overtopping of the stopbank, Figure 6-5 and Figure 6-6 indicate that:


In the proposed situation, the 0.2% AEP flood would just start to overtop the Chrystall's Bend extended
stopbank in the part of the off-channel storage basin between the Expressway embankment and the
NIMT railway line. The flood would also be about 0.6m lower than in the existing situation in the part of
the off-channel storage basin upstream of the Expressway embankment.

This represents an

improvement on the existing situation for which this flood is approximately coincident with stopbank
crest level over a distance of about 100m upstream of the Expressway embankment and overtops the
stopbank between the expressway embankment and the railway embankment.


In the existing situation, the 0.2% AEP +CC 2130 flood (average climate change scenario) would overtop
the Chrystall’s Bend extended stopbank in the existing situation by up to 0.6m immediately downstream
of the Expressway embankment (overall 160m length) and by up to 0.4m immediately upstream of
where the Expressway embankment would bisect the basin in the proposed situation (overall 250m
length).



In the proposed situation, there would be a differential head across the basin for the 0.2% AEP +CC 2130
flood (average climate change scenario) with the Chrystall’s Bend extended stopbank being overtopped
by up to 0.3m downstream of the Expressway embankment (overall 160m length) and by up to 0.9m
upstream of the Expressway embankment (overall 330m length).



In both the existing and proposed situations, the level of stopbank overtopping would be reduced
slightly with the existing SH1 bridge downstream being removed and replaced with a higher and longer
span structure.

The differential head across the Expressway embankment in the off-channel storage basin is caused by the way
flood waters enter the basin. Figure 6-7 shows a blown-up view of part of Figure 6-3 with the longitudinal
flood level profiles along the river for the 0.2% AEP flood (current climate) and the 0.2% AEP +CC 2130 flood
(average climate change scenario) shown along with peak flood levels for the two parts of the off-channel
storage basin in each case.
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Figure 6-7

Predicted peak floods along Ōtaki River in vicinity of bridge crossings compared to peak levels in off-channel storage basin along right bank of
river
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Summary of Effects for Ōtaki River

6.2

Peak flood level profiles in the Ōtaki River will be barely affected by the twin Expressway bridge crossings as
the widely spaced piers induce minimal head losses. The pier head losses are low because, although the flow
velocities are moderately high (~2m³/s), the flow depths are low so that local Froude Numbers are low.
Even with 10m and 15m diameter debris rafts on 7 out of 10 piers and on both bridges, head losses would be
only in the order of 0.06m and 0.09m respectively. Removal (and by implication replacement) of the existing
SH1 bridge has minimal effect on peak flood level profiles in the Ōtaki River. This is because the right bank
stopbank downstream of the existing SH1 bridge in combination with the left bank terrace constricts the river
channel.
The northern approach embankment to the Expressway bridge crossings modifies the filling behaviour of the
off-channel storage basin on the right bank:


A 1% AEP flood (based on current climate conditions) would only just start to spill into the western part
of the basin while the bank level would keep this flood out of the eastern part (assuming the proposed
access roads under the bridge abutments do not provide a direct connection for floodwaters to enter the
eastern part). This flood is the current design standard for the Chrystall’s Bend extended stopbank.



A 0.2% AEP flood (based on current climate conditions) would fill the western part of the off-channel
storage basin to the point of overtopping the Chrystall’s Bend extended stopbank. However this flood
would only partially fill the eastern part of the basin to a level 0.60m lower than in the existing situation.



A 0.2% AEP + CC 2130 flood (average climate change scenario) would fill both parts of the off-channel
storage basin. The peak flood level in the eastern part would cause overtopping of the Chrystall’s Bend
extended stopbank by up to 0.80m (0.40m more than in the existing situation) over a 330m length.
The peak flood level in the western part would cause stopbank overtopping by up to 0.30m (0.30m less
than in the existing situation) over a 160m length.

The flood level behaviour in the off-channel storage basin is an improvement on that in the existing situation
for the 0.2% AEP flood (current climate conditions) and smaller floods with lower flood levels in the eastern
part and the same or lower levels in the western part. The flood level behaviour in the off-channel storage
basin is also improved for the 1% AEP + CC 2130 flood (average climate change scenario) with the same level in
the eastern part and a slightly lower level in the western part.
In the case of the 0.2% AEP + CC 2130 flood (average climate change scenario), flood level behaviour in the offchannel storage basin is slightly worse than in the existing situation in the eastern part with a slightly higher
flood level but improved in the western part with a slightly lower flood level.

6.3

Peak Flood Depth Maps for Floodplain

As noted in Section 6.1, the occurrence of a 0.2% AEP +CC 2130 flood (average climate change scenario) will
result in overtopping of the Chrystall’s Bend extended stopbank around the perimeter of the off-channel
storage basin.
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Figure 6-8 to Figure 6-13 show predicted peak flood inundation depth maps across the Ōtaki River floodplain
for this flood case and the following situations:


the existing situation with the SH1 bridge in place (Figure 6-8);



the existing situation with the SH1 bridge removed and replaced with a higher and longer span structure
(Figure 6-9);



the proposed Expressway situation with the SH1 bridge remaining in place (Figure 6-10); and



the proposed Expressway situation with the SH1 bridge removed and replaced with a higher and longer
span structure (Figure 6-11).

These figures were used to produce peak flood depth difference maps for different combinations of situations.
Figure 6-12 shows changes in peak flood depths between the proposed and existing situation with the existing
SH1 bridge in place in both cases. The following changes between the proposed and existing situations are
evident:


increased flood depths (and levels) in the off-channel storage basin area upstream of the Expressway
embankment and decreased flood depths downstream as previously discussed in Section 6.1;



increased flood depths within the area confined by the flood containment bund upstream of the
Expressway as expected;



apparent increased peak flood depths over an area about 600m long by 300m wide upstream of the
ponding areas formed by the flood containment bund, (the average increases in peak flood depth over
this area are about +0.02m, and the maximum +0.06m, both of which are within the accuracy of the
model predictions);



reduced peak flood depths upstream of the Expressway to the north of the secondary food containment
bund;



increased peak flood depths in the vicinity of the exit from the dry culvert through the Expressway
embankment (maximum increase of about 0.5m);



apparent increased peak flood depths over an area about 1200m long by 600m wide downstream of the
existing SH1, (the average increases in peak flood depth over this area are about +0.02m, and the
maximum increase +0.07m, both of which are within the accuracy of the model predictions); and



apparent reduced peak flood depths over the remainder of the floodplain downstream of the existing
SH1, (the average decreases in peak flood depth are about -0.02 to -0.03m, and the maximum decrease
is -0.07m, both of which are within the accuracy of the model predictions).

The changes in peak flood depth in the area of the off-channel storage basin enclosed by the Chrystall’s Bend
extended stopbank (upstream and downstream of the Expressway) in Figure 6-12 reflect the changes in peak
flood level indicated in Figures 6-5 and 6-6.
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Expressway (increased flood levels) and negative on the downstream side of the Expressway (decreased
levels)2.
The magnitude of the apparent differences in peak flood depth downstream of the Expressway are such that it
is considered that there would effectively be no change in the magnitude and extent of flood inundation
between the proposed and existing situations.
Figure 6-13 shows changes in peak flood depths between the proposed situation (with the SH1 bridge removed
and replaced with a higher, longer span structure) and the existing situation (with the SH1 bridge in place).
The pattern of peak flood depth changes is broadly similar to that shown in Figure 6-12.

The average

decreases in peak flood depths over the floodplain area downstream of SH1 in this case are -0.02 to -0.05m,
and the maximum decrease is -0.10m, which are again within the estimated accuracy of the model predictions.
Therefore there would effectively be no change in the magnitude and extent of flood inundation between the
proposed and existing situations with these bridge configurations.
Figure 6-14 shows changes in peak flood depths between the proposed and existing situations with the
existing SH1 bridge removed and replaced with a higher, longer span structure in both cases. Again the
pattern of peak flood depths changes is very similar to that shown in Figure 6-12. The average increases in
peak flood depth over the 1200m long by 500m wide area downstream of the Expressway (pink area) are
within +0.01m (maximum increase +0.02m) while the average decreases in peak flood depth over the
remainder of this part of the floodplain (green area) are within -0.02m (with the maximum decrease -0.07m).
These predicted changes are within the estimated accuracy of the model predictions so that, for this
comparison also, there would also effectively be no change in the magnitude and extent of flood inundation
between the proposed and existing situations.
Figure 6-15 and Figure 6-16 show predicted peak flood inundation depths maps across the Ōtaki River
floodplain for the existing and proposed situations respectively for the 0.2% AEP +CC 2130 flood (mid-high
climate change scenario). Figure 6-17 shows changes in peak flood depth between the two situations for this
larger flood. The pattern of peak flood depth differences is very similar to that shown in Figure 6-12 for the
equivalent comparison for the 0.2% AEP +CC 2130 flood (average climate change scenario). The maximum
peak flood depth increases occur in the area contained by the Expressway embankment, the Chrystall’s Bend
extended stopbank, and the secondary flood containment bund. Elsewhere across the floodplain, the changes
in peak flood depth are all less than ±0.1m which is within the estimated accuracy of the flood level
predictions.
Maximum flood depths are about:


1.5m for the 0.2% AEP +CC 2130 flood (average climate change scenario)



1.6m for the 0.2% AEP +CC 2130 flood (mid-high climate change scenario)

The pattern of flood inundation indicated by Figures 6-15 and 6-16 shows that floodwaters from a 0.2% AEP +
CC 2130 flood (mid-high climate change scenario) overtopping the Chrystall’s Bend extended stopbank would
spread across the floodplain towards the Mangapouri Stream and, in so doing in the case of the proposed
situation, outflank the secondary containment bund upstream of the Expressway embankment.

2

These comments also apply to Figures 6-13 and 6-14.
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Figure 6-8

Peak flood depths across Ōtaki River floodplain in existing situation for 0.2% AEP +CC 2130 flood overtopping Chrystall's Bend extended stopbank
(with existing SH1 bridge in place).
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Figure 6-9

Peak flood depths across Ōtaki River floodplain in existing situation (with SH1 bridge removed) for 1% AEP +CC 2130 flood overtopping Chrystall’s
Bend extended stopbank.
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Figure 6-10 Peak flood depths across Ōtaki River flood plain in proposed situation 0.2% AEP +CC 2130 flood overtopping Chrystall's Bend extended stopbank
(with existing SH1 bridge remaining in place).
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Figure 6-11 Peak flood depths across Ōtaki River floodplain in proposed situation with existing SH1 bridge removed for 0.2% AEP +CC 2130 flood overtopping
Chrystall’s Bend extended stopbank.
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Figure 6-12 Changes in peak flood depths across Ōtaki River floodplain between proposed and existing situations (with SH1 bridge in place in both cases) for
0.2% AEP +CC 2130 flood overtopping Chrystall's Bend extended stopbank (note: pink and red shading indicates areas of increased flow depths,
green shading indicates areas of decreased flow depths).
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Figure 6-13 Changes in peak flood depths across Ōtaki River floodplain between proposed situation (with SH1 bridge removed) and existing situation (with SH1
bridge in place) for 0.2% AEP +CC 2130 flood overtopping Chrystall’s Bend extended stopbank (note: pink and red shading indicates areas of
increased flow depths, green shading indicates areas of decreased flow depths).
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Figure 6-14 Changes in peak flood depths across Ōtaki River floodplain between proposed and existing situations (with SH1 bridge removed in both cases) for
0.2% AEP +CC 2130 flood overtopping Chrystall’s Bend extended stopbank (note: pink and red shading indicates areas of increased flow depths,
green shading indicates areas of decreased flow depths).
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Figure 6-15 Flood peak depths across Ōtaki River floodplain in existing situation for 0.2% AEP +CC 2130 (mid-high climate change scenario) flood overtopping
Chrystall’s Bend extended stopbank (with existing SH1 bridge removed).
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Figure 6-16 Flood peak depths across Ōtaki River floodplain in proposed situation for 0.2% AEP +CC 2130 (mid-high climate change scenario) flood
overtopping Chrystall’s Bend extended stopbank (with existing SH1 bridge removed).
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Figure 6-17 Changes in peak flood depths across Ōtaki River floodplain between proposed and existing situations (with existing SH1 bridge removed) for 0.2%
AEP +CC 2130 (mid-high climate change scenario) flood overtopping Chrystall’s Bend extended stopbank (note: pink and red shading indicates
areas of increased flow depths, green shading indicates area of decreased flow depths).
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