Appendix H

Flood Modelling Report
Part 2 of 2



SURVEYING ¢ ENGINEERING ¢ PLANNING

K:lA\il

)

4 .( »J‘V‘q Bell

Bell Road "B" Pump Station & Bell Road
Main Drain Pump Station

’
s

Bell Road "A" Pump Drain /

[/

—/

Bell Road "A" Pump Station

Figure 31 : Water Level Comparison (Source: HEC-RAS)

Below is a series of comparisons of the performance of the BOPRC MIKE+ model with the Wairakei
South HEC model across various scenarios.
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Figure 32 — Bell Road “A” pump station (Source: HEC-RAS)
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Figure 33 — Bell Road Main Drain Pump Station (Source: HEC-RAS)
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Figure 34 — Bell Road “B” Pump Station (Source: HEC-RAS)
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Pre Dev : 100Yr 3.68C 1.59SLR
Bell Road Main Drain (Before State Highway Culvert)
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Figure 35 — Bell Road Main Drain (Before State Highway Culvert) (Source: HEC-RAS)

The discharge time series at the three major drains and pump stations, including Bell Road drain, were
then reviewed. This assessment allows confirmation that flow behaviour is consistent between the two
models, not only in terms of water levels but also in the manner in which runoff is conveyed through
the system. Comparison of these discharge patterns further strengthens the model validation and
provides assurance that the models are well aligned across the key hydraulic control points.
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Figure 36 : Discharge Rate Measurement Nodes (Source: HEC-RAS)
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Pre Dev : 100Yr 3.68C 1.59SLR
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Figure 37 — Bell Road Main Pump Drain (Source: HEC-RAS)
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Figure 38 — Kaituna River After State Highway Bridge (Source: HEC-RAS)
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Pre Dev : 100Yr 3.68C 1.59SLR
Bell Road “A” Pump Station (Hurst Block)
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Figure 39 — Bell Road “A” Pump Station (Hurst Block) (Source: HEC-RAS)
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Figure 40 — Bell Road Main Drain Pump Station (Source: HEC-RAS)
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Figure 41 — Bell Road “B” Pump Station (Source: HEC-RAS)

Overall, the MIKE+ and HEC-RAS models demonstrate strong alignment in both flow magnitude and
timing. MIKE+ exhibits a slightly longer and smoother peak during the central portion of the storm
event, while HEC-RAS produces a shorter, sharper peak with a comparable overall flow volume. These
differences are expected and reflect the differing model structures, with MIKE+ routing flow primarily
through 1D channel networks and HEC-RAS utilising a 2D grid that distributes and temporarily stores
floodplain flows.

Upstream inflows were directly derived from the MIKE+ model, resulting in closely aligned hydrographs
between the two models. Pump operations have only a minor influence on overall flow behaviour, with
small differences in pump start times attributable to initial upstream water level conditions and the
contrast between 1D conveyance and 2D flow routing. In particular, the Bell Road A Pump Station
activates slightly later in the HEC-RAS model, reflecting the faster conveyance represented within the
1D network compared to the 2D grid representation. MIKE+ produces a marginally higher peak flow
(approximately 30 m3/s), which occurs where the Raparapahoe channel inflow boundary overtops its
banks under the LINZ 2021 terrain. This reflects differences in how each model represents channelised
versus floodplain flow. Towards the end of the event, both models show three smaller peaks
corresponding to gravity floodgate openings during low tide. Higher outflow peaks in MIKE+ are
explained by its representation of two individual floodgates, compared with a single combined gate in
HEC-RAS.

The HEC-RAS model aligns reasonably well with the BOPRC model for the 100-year climate change
scenario for the purpose of concept level design modelling.

The pre-development extent is shown using the report by River Edge Consulting Limited, dated June
2025. The HEC-RAS model is displayed with a colour configuration matched as closely as possible to
MIKE+. The main difference arises from the vertical datum: the MIKE+ model is in MOD53, while HEC-
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RAS is in NZVD16. This datum difference causes some areas to appear slightly higher or lower in water
level, which may make small differences in the mapped extent.

Additionally, the HEC-RAS model shows extra inundation (highlighted in blue) near Papamoa Hills. This
is because the MIKE+ model did not include water inflow from this area, whereas HEC-RAS accounts for
it. Despite this, overall flood patterns remain consistent between the two models.

5.4.5. Flood Model Comparison

Figure 42 - Section Line for Flow Assessment (Source: HEC-RAS)

The pink line in Figure 42 above was used as the comparison line for inflows.
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Figure 43: North and South Block Flood Depth (Source: HEC-RAS)

Flood depth and water level data were extracted at the two locations marked with orange circles to
represent the undeveloped (baseline) condition. This provides a reliable reference for assessing the
upstream and downstream effects once the development has been completed.

A summary of the model results is shown below:

Table 10 — Pre-Development inflows for Climate Change scenario 3.68°C with SLR

1.59m
5-year 10-year 50-year 100-year 500-year
Site Flow 17.04 49.22 79.536 137.36 222.15 m®/s
Time of 01/01/2000 01/01/2000 01/01/2000 01/01/2000 31/12/1999 hh-mm
Peak 0:40 0:10 0:30 0:00 23:50 )
Flood 1.85 (North) 2.01 (North) 2.46 (North) 2.60(North) 3.30(North) m NZVD16
Level 1.09(South) 1.92 (South) 2.46 (South) 2.60(South) 3.30(South)
Flood 0.13(North) 0.29 (North) 0.74 (North) 0.88 (North) 1.58 (North) m
Depth 0.62(South) 1.45 (South) 1.99(South) 2.13 (South) 2.83 (South)

*Refer to Figure 42and Figure 43 for reference point and cross section locations
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Table 11 — Post-Development inflows for Climate Change scenario 3.68°C with SLR

N
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1.59m
5-year 10-year 50-year 100-year 500-year
Site Flow 17.58 52.46 83.57 129.42 193.36 m®%/s
Time of 01/01/2000 01/01/2000 31/12/1999 31/12/1999 31/12/1999 hh:mm
Peak 0:40 0:20 23:50 23:50 23:50 )
Flood 1.76 (North) 2.05 (North) 2.26 (North) 2.49 (North)
3.32 (North) m NZVD16
Level 0.76 (South) 1.58(South) 2.25(South) 2.49 (South) 3.32 (South)
Flood 0.07(North) 0.35 (North) 0.55 (North) 0.78(North) 1.61North) m
Depth 0.30(South) 1.12(South) 1.78(South) 2.03 (South) 2.86(South)

*Refer to Figure 42and Figure 43 for reference point and cross section locations

Table 12 — Difference in inflows (Pre minus Post) for Climate Change scenario 3.68°C
with SLR 1.59m

5-year 10-year 50-year 100-year 500-year
Site Flow +0.5 +3.4 +4.0 -8.0 -28.8 m®/s
T:':I?f Same time Same time Same time Same time Same time hh:mm
Flood -0.09(North) +0.04(North) -0.20(North) -0.11(North) +0.02(North) mNZVD16
Level -0.33(South) -0.34(South) -0.21(South) -0.11(South) +0.02(South)
Flood -0.06(North) +0.06(North) -0.19(North) -0.10(North) +0.03(North) m
Depth -0.32(South) -0.33(South) -0.21(South) -0.10(South) +0.02(South)

*Refer to Figure 42and Figure 43 for reference point and cross section locations

The results indicate a general decrease in flood levels across all storm frequencies when comparing pre-
development and post-development scenarios, primarily due to the additional pump capacity
incorporated into the design. No upstream or downstream increases occur during peak events, and no
culvert connections have been provided to Papamoa on the eastern side. This approach isolates the
system, ensuring that backflow from the wider catchment is not introduced and that flood levels at the

catchment boundaries remain unaffected.

5.4.6.Model Sensitivity checks

1. Mannings N Values of Swales and the Bell Road Main Drain.

A sensitivity assessment was undertaken for the post-development swales and the Bell Road
main drain by varying Manning’s n values from 0.04 to 0.06. The assessment evaluated the
resulting effects on pump discharge volumes and water surface levels using the 100-year, 3.68C
climate change design event. Pump discharge volumes were assessed on a combined basis,
accounting for contributions from the Bell Road Main Drain and Bell Road Pump Stations A and

B.

The post development scenario includes the South Block Pump Station and Bell Road Pump

Station A with additional capacity.
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Table 13 — Manning’s n Value Sensitivity Check - Pre-Development

Mannings’ N (Pre Dev) 0.04 0.06
North Block WSE (NZVD16) 2.62 2.62
South Block WSE (NZVD16) 2.62 2.62

Combined Pump Volume 1,439 x 103 1,429 x 103
Table 14 — Manning’s n Value Sensitivity Check - Post-Development

Mannings’ N (Post Dev) 0.04 0.06
North Block WSE (NZVD16) 2.50 2.51
South Block WSE (NZVD16) 2.50 2.51

Combined Pump Volume 5,752 x 103 5,692 x 103

This sensitivity assessment shows that water surface levels remain similar, and the pump
stations exhibit only minor differences in their ability to dewater. Therefore, the proposed
development is not sensitive to Manning’s n values between 0.04 and 0.06.

This demonstrates that the development’s hydraulic performance is robust to realistic
variations in channel roughness.
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Figure 44: Manning’s n Value Sensitivity Check - Pre-Development Maximum Depth
Comparison (Source: HEC-RAS)
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Figure 45: Manning’s n Value Sensitivity Check — Flow Rate Check Locations
(Source: HEC-RAS)
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Figure 46: Manning’s n Value Sensitivity Check - Pre-development: Upstream Inflow
(Source: HEC-RAS)

Pre Development 100Yr 3.68C 1.59SML, Manning N 0.06: Peak flow 164.9m3/s at 1 Jan 2000 0:00

Pre Development 100Yr 3.68C 1.59SML, Manning N 0.04: Peak flow 164.3m3/s at 1 Jan 2000 00:00
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Figure 47: Manning’s n Value Sensitivity Check - Post-Development: Upstream Inflow
(Source: HEC-RAS)

Post Development 100Yr 3.68C 1.59SML, Manning N 0.1: Peak flow 110.5m3/s at 1 Jan 2000 00:20
Post Development 100Yr 3.68C 1.59SML, Manning N 0.06: Peak flow 125.6m3/s at 1 Jan 2000 0:20
Post Development 100Yr 3.68C 1.59SML, Manning N 0.04: Peak flow 135.4m3/s at 1 Jan 2000 00:20

Post Development 100Yr 3.68C 1.59SML, Manning N 0.04: Peak flow 135.54m?3/s at 1 Jan 2000 00:22 —
5m grid
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Figure 48: Manning’s n Value Sensitivity Check - Pre-development: Bell Road Main
Drain Inflow (Source: HEC-RAS)

Pre Development 100Yr 3.68C 1.59SML, Manning N 0.06: Peak flow 4.8m3/s at 1 Jan 2000 0:00

Pre Development 100Yr 3.68C 1.59SML, Manning N 0.04: Peak flow 6.7m3/s at 1 Jan 2000 00:10
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Figure 49: Manning’s n Value Sensitivity Check - Post-Development: Bell Road Main
Drain Inflow (Source: HEC-RAS)

Post Development 100Yr 3.68C 1.595SML, Manning N 0.1: Peak flow 3.6m?3/s at 1 Jan 2000 00:20
Post Development 100Yr 3.68C 1.59SML, Manning N 0.06: Peak flow 4.4m3/s at 1 Jan 2000 01:10
Post Development 100Yr 3.68C 1.595ML, Manning N 0.04: Peak flow 5.9m3/s at 1 Jan 2000 01:20

Post Development 100Yr 3.68C 1.59SML, Manning N 0.04: Peak flow 5.9m3/s at 1 Jan 2000 01:03 — 5m
grid
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Figure 50: Manning’s n Value Sensitivity Check - Post-Development: Levee Overtop
(Source: HEC-RAS)

Post Development 100Yr 3.68C 1.59SML, Manning N 0.1: Peak flow 102.5m3/s at 1 Jan 2000 01:40
Post Development 100Yr 3.68C 1.59SML, Manning N 0.06: Peak flow 121.4m3/s at 1 Jan 2000 01:00
Post Development 100Yr 3.68C 1.59SML, Manning N 0.04: Peak flow 134.5m3/s at 1 Jan 2000 01:00

Post Development 100Yr 3.68C 1.59SML, Manning N 0.04: Peak flow 125.4m?3/s at 1 Jan 2000 01:24—
5m grid

The sensitivity analysis for the Bell Road main drain demonstrates that, while variations in channel
roughness (Manning’s n) and grid resolution produce minor changes in peak inflow, the time to peak
remains similar across all scenarios. The differences in inflow magnitude are small relative to the overall
catchment response, indicating that the drain’s hydraulic behaviour is largely governed by the broader
catchment and storage characteristics rather than localised roughness or grid resolution. Finer grid
resolution provides a more detailed representation of flow dynamics along the drain but does not
materially change the comparative outcomes between pre- and post-development conditions. Overall,
the model reliably represents the Bell Road main drain’s performance, providing confidence in its use

for design and planning purposes.

As the development is constructed, flood depth probes will be installed within the swale to allow
calibration of the hydraulic model as vegetation establishes. This monitoring will provide updated data,
ensuring that Manning’s n values used during the design phase remain representative of actual
conditions during the construction and early operational phases of the development.
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2. Volume Between 72h Event and 7 Day Event

For the purpose of comparing runoff volumes only, the Bell Road catchment extending from
State Highway towards the Papamoa Hills was modelled as a single contributing catchment
with no lag time and no infiltration applied. The area is approximately 1653.14 ha

Figure 51: Catchment Area (Source: HEC-RAS)

Hydrologic modelling was undertaken using HEC-HMS version 4.12, and the following total
runoff volumes were obtained:

Table 15 — 7 Day vs 72 Hour Sensitivity Check - Volume

Storm Event Volume (m?3)
BOPRC Model 100Yr 3.68C 7 Days 10,453 x 10°
BOPRC Model 100Yr 3.68C 72H 75% heavy ended 6,734 x 10°

The 72-hour event produces approximately 64% less runoff volume than the 7-day event.

The Bell Road South Pump Station, together with the newly upgraded Bell Road Pump Station
A, has a combined dewatering capacity of approximately 1,624 x 10® m? within a 24-hour
period. The system has been sized for the BOPRC 100-year, 3.68C, 7-day event; therefore, the
reduced runoff volume associated with the 72-hour event will produce lower peak water levels
relative to the design scenario.
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3. Pump Failure During 100Yr 3.68C Event

Council has advised that the existing pump stations do not have any backup capacity in the
event of a power failure. The upgraded Bell Road Pump Station A, however, will be equipped

SURVEYING ¢ ENGINEERING ¢ PLANNING

with 24-hour generator capability, similar to the South Block pump station.

As part of the sensitivity assessment, a scenario was considered in which all pumps fail
simultaneously, without any operation. The purpose of this assessment is to determine
whether the Bell Road development has sufficient freeboard, given that the platform level is at

RL3.5m.

For this analysis, a Manning’s n value of 0.06 was applied to the swales.

Table 16 — Pump Failure Sensitivity Check - WSE

Pump Working Yes No
North Block WSE (NZVD16) 2.51 2.88
South Block WSE (NZVD16) 2.51 2.88

Post 0.06: 2.51
Post Pump Fail : 2.88

Figure 52: Pump Failure Scenario (Source: HEC-RAS)
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Under the sensitivity assessment, water levels reach approximately RL 2.51 m with the pumps
operating and rise to RL 2.88 m if the pumps are not operating. Applying 500 mm of freeboard
results in a level of RL 3.38 m, which remains below the proposed platform and access road
level of RL 3.5 m. Even under this extreme climate change adjusted event scenario, the
development is not at risk of flooding. By comparison, the existing conditions expose property
owners across the catchment to a greater risk of future flooding.

4. MIKE+ Spatial Moving Rain vs HEC-RAS

The primary difference between the two modelling approaches is that MIKE+ was set up using
spatially varying rainfall, whereas HEC-RAS initially applied a uniform rainfall distribution across
the entire catchment.

To ensure an appropriate comparison between the two models, the same spatial rainfall
dataset used in MIKE+ was subsequently incorporated into the HEC-RAS model. This was done
to provide a direct volume and inflow cross-check, and to determine whether rainfall
distribution methodology was contributing to the observed differences in results.

Following the update, the HEC-RAS model was found to be relatively not sensitive to the spatial
variability of rainfall for this particular event and catchment configuration. The overall runoff
response, peak water levels, and storage volumes remained largely unchanged compared to
the uniform rainfall scenario.

Table 17 — Mike+ Spatial Moving Rain vs HEC-RAS Sensitivity Check — Total Volume

Model Total Volume(x1000m?3)
HEC-RAS 7639.64

MIKE + 7263.53

DIFF 376.11

Mike+ Spatial Moving Rain vs HEC-RAS Sensitivity Check
9000
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0
28/12/1999 0:00 30/12/1999 0:00 1/01/2000 0:00 3/01/2000 0:00 5/01/2000 0:00

Time days
Maven ——BOPRC

2D Area Volume (x 103m)

Figure 53: Mike+ Spatial Moving Rain vs HEC-RAS Sensitivity Check — 2D Area Volume
(Source: HEC-RAS)
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The volume difference of approximately 376,110 m? represents a variance of roughly 4.9%,
which is considered reasonable given the different hydraulic solvers and computational
approaches of the two platforms.
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Figure 54: Mike+ Spatial Moving Rain vs HEC-RAS Sensitivity Check — WSE Comparison
(Source: HEC-RAS)

The peak water level difference of 19 mm is minor and well within typical modelling tolerance
ranges for two independent hydraulic platforms.

The peak inflow predicted by both models is closely aligned, with only minor differences in
magnitude and timing.

o HEC-RAS Peak flow of 52.860 m3/s occurring at 01 Jan 2000 — 00:40
o MIKE+ Peak flow of 51.265 m3/s occurring at 01 Jan 2000 — 01:20

The difference in peak magnitude is approximately 1.595 m?3/s, equating to roughly 3%
variation, which is considered minor and within acceptable modelling tolerance between two
independent hydraulic platforms.
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Figure 55: Mike+ Spatial Moving Rain vs HEC-RAS Sensitivity Check — Inflow
Comparison Location (Source: HEC-RAS)
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Figure 56: Mike+ Spatial Moving Rain vs HEC-RAS Sensitivity Check — Inflow
Comparison (Source: HEC-RAS)
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6. Flood Risk Assessment

For clarity, the outputs for all assessed events and scenarios are summarised in Table 18 below.
Reference Points 1 & 2 are depicted on Figure 43: North and South Block Flood Depth (Source: HEC-
RAS) elsewhere in this report. Individual pre- and post-development results, including flood levels,
velocities, and inundation duration, are presented in Section 6.1 in the form of maps for the for 5-, 10-
, 50-, 100-, 500-yr ARI 2130 storm events. Section 6.2 presents point comparisons for the for 10-, 100-
, 500-yr ARI 2130 storm events in 4 locations in. Flood extents and flow paths are illustrated on the
corresponding figures within these sections.

Table 18: HEC-RAS results at reference points 1 & 2 as shown on Figure 43

Reference Point 1

Remaining Flood
Event Scenario Max Flood Level | Max Flood Depth Max Velocity Depth 2.4 Days
mRL (NZVD16) (m) (m/s) after storm peak
(m)
Pre 1.844 0.137 0.084 0.00
5-year
Post 1.751 0.053 0.119 0.00
10- Pre 2.006 0.300 0.159 0.218
year Post 2.046 0.341 0.176 0.00
50- Pre 2.459 0.750 0.205 0.724
year Post 2.26 0.552 0.198 0.349
100- Pre 2.596 0.886 0.267 0.809
year Post 2.489 0.781 0.220 0.475
500- Pre 3.299 1.590 0.299 1.492
year Post 3.318 1.610 0.205 1.339

Reference Point 2

Remaining Flood

Event Scenario Max Flood Level | Max Flood Depth Max Velocity Depth 2.4 Days

mRL (NZVD16) (m) (m/s) after storm peak
(m)
Pre 1.087 0.626 0.021 0.593
5-year
Post 0.760 0.311 0.009 0.259
10- Pre 1.919 1.458 0.070 1.457
year Post 1.580 1.131 0.060 0.659
50- Pre 2.459 1.998 0.075 1.972
year Post 2.246 1.797 0.091 1.597
100- Pre 2.595 2.135 0.087 2.057
year Post 2.486 2.037 0.108 1.728
500- Pre 3.299 2.838 0.091 2.740
year Post 3.317 2.868 0.068 2.595
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6.1. Pre and Post-Development Results

Below are pre-development and post-development model results maps for 5-, 10-, 50-, 100-, 500-yr
ARI storm events, with the result maps being flood depth, velocity, water surface elevation and inflows
and outflows for the western boundary of site, Kopuaroa Canal and Kaituna River.

For the post development scenario It should be noted that the proposed ground level formation is
preliminary only and shows a flat surface across the development, which creates minor ponding depths
in the model. This will be refined through detailed surface design (above flood levels), with final results
expected to show flooding only within designated overland flow paths. A 100 mm depth cut-off has
been applied to exclude minor ponding depths.
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6.2. Flood Level Comparison

The flood model provides an accurate and comprehensive assessment of the changes in flood
behaviour, including variations in flood levels, flow paths, and potential impacts on adjacent properties.
This approach ensures a detailed understanding of how floodwaters are redistributed in the ultimate
scenario and how the development may influence flood risk both on-site and in the surrounding area.

Comparisons between pre-development and post-development conditions were conducted for the 10-
year, 100-year, and 500-year future climate-change 3.68°C + 1.59 SML flood events. The difference in
flood levels compared to pre-development are summarised below, with a negative value representing
a reduction in water surface elevation (WSE) post development and a positive value representing an
increase in WSE:

Figure 93: Flood Water Comparison Points (Source: HEC-RAS)

In the 10-year ARl event (peak):
e Fast of the development site: -340mm Decrease
o Northwest of the development site: +40mm Increase
e Kopuaroa Canal at new pump station: +70mm Increase
e Kaituna River at upgraded pump inflow: +6mm Increase

Bell Road Limited Partnership 107
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In the 100-year event:
e FEast of the development site: -110mm Decrease
o Northwest of the development site: -110mm Decrease
e Kopuaroa Canal at new pump station: +60 mm Increase
e Kaituna River at upgraded pump inflow: +7mm Increase

In the 500-year event:
e FEast of the development site: +20mm Increase
e Northwest of the development site: +20mm Increase
e Kopuaroa Canal at new pump station: +24mm Increase
e Kaituna River at upgraded pump inflow: +2mm Increase

The proposed new pumping system generally improves water surface levels within the Bell Road
catchment during the 10-year event, with small increases in the Kopuaroa Canal and Kaituna River due
to slightly higher peak flows.

For the 100-year event, impacts are largely neutral or show minor improvements compared to pre-
development levels, with small increases in the Kopuaroa Canal and Kaituna River due to slightly higher
peak flows.

During the 500-year event, water surface elevations increase across the Bell Road catchment and both
waterways. Despite this, the development site remains above the maximum water levels
(approximately 3.32m RL) for the event. By incorporating a 500 mm freeboard above the building
platforms (3.5m RL), dwellings shall have a freeboard of 180mm above the 500-year-event max water
surface elevation. Some lots may experience minor flooding within their outdoor areas, but the overall
risk to property and life remains low.

It is noted that stated increases and decreases are an average, and localised differences will occur due
to various approximations required in modelling alongside factors such as ground cover, rainfall
intensity fluctuations, terrain survey data accuracy, etc.

Screenshots of the flood level comparisons are shown below. Green indicates decreases in water levels,
red indicates increases, and grey represents areas where changes are 0Omm, with the colours gradating
between increases and reductions.
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6.3. Hydraulic Structures

Fluctuations in culvert water levels and flow rates were observed in both pre- and post-development
models, particularly during the initial and final storm phases. Larger culverts with proportional flow and
volume were generally more stable, while smaller or disproportionate culverts showed greater
variability. This is mainly due to the coarse model grid, which can be refined in the final RFI review.

The model accounts for both inflow and backflow through culverts. Observed variations are consistent
with expected hydraulic behaviour under dynamic storm conditions and reflect model sensitivity rather
than operational risk. No significant concerns were identified.

6.4. Design Freeboard

Proposed Development

The proposed development requires all new building platforms to be formed at least 500 mm above
the 100-year ARI (3.68°C) flood level. This equates to a minimum compliant building platform level of
RL 2.99 m to achieve the required freeboard.

Building platform levels are specified (rather than minimum finished floor levels) to ensure the required
finished floor freeboard is achieved once subdivision and final building works are completed. The
current ground level design adopts a minimum building platform level of RL 3.50 m, which provides
greater than 500 mm freeboard above the 100-year flood level.

Existing Habitable Dwellings

Post-development results indicate a minor increase in peak 10-year ARI flood levels (approximately
40mm) north-west of the site. However, the duration of inundation is significantly reduced.

— Post 10Yr.368C 159SL
~ Pre 10Yr 368C 159SL
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Figure 97 - Pre-Development and Post-Development 10-year Event Inundation
Reduction Northwest of Development Site

Flood levels at other neighbouring properties are generally improved; lower flood levels are expected
to direct stormwater away from existing habitable dwellings, with flows conveyed toward surrounding
pasture areas where ponding can occur without affecting buildings.
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For the 100-year, 2130, 3.68 °C climate scenario, the proposed system is expected to perform even
better, maintaining safe freeboard and effectively managing peak flows while minimising ponding at
critical locations. This provides confidence that both current and future conditions are adequately
addressed in the design.

Other Critical Infrastructure

For the 100-year, 2130, 3.68 °C scenario with a sea level rise of 1.59 m, the proposed system maintains
similar improvements, providing adequate freeboard and effectively managing peak flows while
protecting critical infrastructure and reducing ponding risk.

A review of the Powerco substation located at the north-west corner of the site indicates only minor
changes in water surface levels, which are not expected to pose any operational risk.

The underpass to Papamoa is predicted to experience a decrease of approximately 150 mm, reflecting
improved drainage and a reduced risk of backflow in this area.

Stopbanks

BOPRC has initiated a capacity review of the Kopuaroa Canal, including the potential need for stopbank
upgrades. Minor impacts on stopbank freeboard have been observed, as noted in Section 5.4.7, with a
40 to 100 mm increase in water surface elevation within the Kopuaroa Canal.

Stopbank crest levels along the Kopuaroa Canal and the Kaituna River, bordering the southern boundary
of the Bell Road catchment, range from RL 4.00 m to RL 5.76 m. The maximum water surface elevation
within the Kopuaroa Canal during the 100-year ARI event reaches RL 3.99 m. A minimum freeboard of
0.11 m is provided along the Kopuaroa Canal, and the minimum freeboard along the Kaituna River is
0.34 m.

BOPRC guidelines recommend a minimum freeboard of 500 mm in urban areas and 300 mm in rural
areas. As the only urban area adjacent to the stopbank is the stormwater reserve in the southern block,
it is considered reasonable to adopt a minimum freeboard of 300 mm along the northern side of the
Kopuaroa Canal and Kaituna River.

Under the BOPRC 2024-2074 asset management plan, stopbank freeboard and capacity will be
reassessed as the site progresses, with upgrades or top-ups implemented as required.

The newly formed stopbank along the eastern boundary of the South Block (from the Kopuaroa Canal
to Bell Road) has a crest level ranging from approximately RL 2.0 m to RL 1.5 m. Its primary function is
to form a basin with the South Block pump station to provide attenuation and dewatering, and to divert
flows so stormwater does not discharge freely toward the Hurst Block. In a worst-case overtopping
scenario, the stop bank would act as a weir, discharging at its low point located away from the buildings
located on the Hurst Block, with the pump station able to regulate basin water levels and limit the rate
and duration of any spill.

6.5. Summary

A flood risk assessment has been undertaken to evaluate the potential effects of the proposed
development on the surrounding catchment. The modelling assessment focusses primarily on the 100-
year ARI future 2130 design storm including 3.68 °C temperature increase and 1.59 m sea level rise. .
The results indicate that the proposed development does not increase risk to surrounding land and
maintains appropriate flood behaviour within the wider catchment
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Additional model runs for smaller storm events, including the 5-, 10- and 50-year events, have been
undertaken to provide an understanding of system performance. These results indicate that the
proposed drainage strategy is expected to improve the management of frequent storm events;
however, the detailed performance of local drainage infrastructure will be refined through future
detailed design stages.

Critical infrastructure, including the newly proposed pump stations, has been carefully assessed as part
of the design process. These elements form the backbone of the stormwater management strategy,
providing both flood mitigation and operational resilience. Groundwater conditions have also been
considered in close collaboration with ENGEO, ensuring that subsurface interactions are well
understood and incorporated into the overall hydraulic design.

All newly developed areas have been designed to maintain freeboard above the expected water surface
elevations for extreme events, including the 100-year, 2130 scenario with a 3.68 °C temperature
increase and a sea level rise of 1.59 m. This ensures that habitable dwellings, farm buildings, and other
critical assets are adequately protected from flooding, while stormwater is directed safely to designated
storage and pasture areas.

Overall, the proposed development demonstrates a robust and resilient approach to flood risk
management. By integrating engineered solutions, such as pump stations and strategically placed
stopbanks, with careful consideration of existing and future conditions, the design provides a long-term,
sustainable outcome. The project not only mitigates risk within the immediate site but also contributes
positively to the broader catchment, reinforcing the region’s flood resilience and safeguarding both
property and infrastructure for future climate scenarios.
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7. Conclusions

The hydraulic assessment demonstrates that the proposed development maintains appropriate flood
risk management within the Bell Road catchment and surrounding areas. The primary design
assessment has been undertaken for the 100-year, 2130, 3.68 °C scenario with 1.59 m sea level rise
scenario. Results show that the development maintains acceptable water levels, adequate freeboard,
and controlled flows.

The proposed stormwater management strategy incorporates key infrastructure elements, such as the
new pump stations and strategically placed stopbanks and drainage improvements to ensures both
operational resilience and effective stormwater management.

Additional simulations of smaller storm events suggest that the proposed drainage strategy is expected
to improve the management of frequent rainfall events across the site, which will continue to be refined
and integrated in an ongoing, staged manner as the development of the site occurs. The 5-year AR
results should be regarded as preliminary inputs to the design process. They have not yet been fully
validated against MIKE+ and currently show routing differences consistent with early-stage model
configuration. These limitations do not indicate constraints on the overall stormwater strategy but
highlight the need for continued refinement of channel geometry, culvert structures, and grid
resolution during detailed design. Draft consent conditions provide an appropriate mechanism for this
staged refinement.

Overall, the development integrates robust engineering solutions with careful consideration of future
climate scenarios, providing long-term, sustainable flood risk management that benefits both the site
and the wider catchment.
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8. Future Work

The modelling described in this report has been developed to demonstrate flood effects for pre and
post the development conditions, with primary focus on the 100-year ARI 2130 climate change and sea
level rise event as the governing design scenario. At this stage, the model is considered appropriately
developed to support catchment-scale flood assessment and evaluation of development effects.

Further refinement of the modelling will occur through staged detailed design, consistent with the
progression of the development. This will include:

Refinement of localised flow paths and drainage representation, including improved definition
of minor channels, culverts, and overland flow routes as detailed design information becomes
available

Update of model geometry and resolution to reflect finalised landform, roading, and
infrastructure layouts, including finished levels and drainage network configuration as these
are further defined through detailed design and approval phases.

Development and optimisation of pump station operation, including staging, trigger levels, and
programming for frequent storm events and operational scenarios

Ongoing comparison and alignment with the BOPRC catchment model and framework, where
appropriate, to support consistency of system behaviour and understanding of wider
catchment interactions. Work will be carried out to demonstrate compliance with relevant
council and regional flood management requirements.

Assessment of staged development scenarios, including interim landform and infrastructure
configurations, to confirm acceptable performance throughout the construction and
development lifecycle

Modelling of stopbank breach scenarios were committed to being completed by BOPRC in 2025
and has not been presented to Maven to date. We assume this workstream is ongoing and at
the responsibility of BOPRC.

These refinements primarily relate to local-scale behaviour and frequent storm events, which are
inherently sensitive to detailed geometry and operational assumptions.

The above items will be progressed through detailed design and are anticipated to be controlled
through appropriate consent conditions and ongoing engagement with authorities.
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9. Limitations

The following limitations should be noted for the hydraulic assessment:

DEM Accuracy: The use of publicly available LiDAR data for the digital elevation model (DEM)
limited the ability to accurately capture the bottom levels of key features, including Pond G,
Pond H, the Kaituna River, the Kopuaroa Canal stopbanks, the Bell Road Drain, farm drains, and
the Raparapahoe and Ohineangaanga watercourses. This may introduce minor uncertainties in
localised water depth predictions particularly in smaller events.

Stopbank Improvements: The assessment assumes potential improvements to the
Raparapahoe and Ohineangaanga stopbanks, but exact designs were not incorporated.

Model Benchmarking: The BOPRC model was used as a benchmark for calibration purposes,
providing confidence in overall flow routing and water levels but subject to the assumptions
inherent in the original model.

Hydrologic Inputs: Council-approved hydrographs were used for inflows, providing
standardised storm inputs, with HEC-RAS 2D grids of 2m to 50 m (avg of 20m) used to represent
the floodplain.

Model Validation: The validation of the HEC-RAS model against the BOPRC MIKE+ model has
been completed at a broad comparative level, confirming general consistency in catchment
response and hydraulic behaviour. More detailed, location-specific tabulated comparisons of
water levels, flows, peak water levels, peak discharges, and timing between the two models is
proposed to be undertaken as part of future development stages or ongoing model updates in
line with development staging and detailed design approvals.

Soil and Infiltration: ENGEO’s Hydrogeological Assessment Report (Appendix R of the AEE)
assessment indicates that a low infiltration rate exists; however conservatively, the model did
not allow for any infiltration for this development.

Culvert & Bridge Representation: The model does not include potential debris blockage in large
culverts, meaning extreme events could be slightly underestimated. Hydraulic structures
including culverts and drainage features have been incorporated into the model where they
are considered to materially influence floodplain behaviour and catchment-scale flow
conveyance. At the scale of modelling adopted for this assessment, not all minor drainage
infrastructure has been explicitly represented. The hydraulic model terrain is derived from the
available DEM. In some locations the terrain has been modified to remove bridge decks or
similar structures to allow floodwaters to pass through the model domain. As a result, bridges
and culverts may not be represented with their full hydraulic geometry.

Data Integration: The modelling combined LiDAR data with targeted site surveys to improve
accuracy, but localised uncertainties remain due to gaps in detailed surveyed data for all
waterway beds.

Papamoa Hills: As we did not have any calibration data available, we have undertaken the best
possible assessment using the information at hand. A 450 mm culvert has been included to
convey the stormwater flows and ensure an appropriate level of service for the catchment.
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These limitations should be considered when interpreting the results. While the model provides a
robust assessment of flood behaviour and system performance, some localised variations may differ
under real-world conditions. Notwithstanding the above, the Panel may rely on the assessments and
conclusions in this report for the purposes of assessing and determining the fast-track application.

This report must be read in its entirety and no portion of it should be relied on without regard to the
limitations and disclaimers set out.

Maven BOP Ltd makes no assurances with respect to the accuracy of assumptions and exclusions listed
within this report and some may vary significantly due to ongoing stakeholder engagement
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PEER REVIEW MEMO

TO: Rod Bailey (Bell Road Limited Partnership) DATE: 24 March 2026
FROM: Brad Scarfe PROJECT NO.: 1001051
COPY: Matthew Kerse (Maven)

SUBJECT: Wairakei South Fast Track — Independent Flood Modelling Peer Review (v2.2)

INTROUDCTION

Bell Road Limited Partnership (BRLP) is proposing to “develop rural land for residential, commercial, and
industrial use, including up to approximately 2,700 to 3,000 residential allotments, approximately 50-
60 hectares of new industrial land, stormwater corridors and management areas.” !

Maven has prepared a flood model and flood modelling report. ENGEO has provided geotechnical and
groundwater services that support this modelling.

BRLP has engaged Awa Environmental (Awa) to undertake an independent peer review of Maven’s flood
modelling work as part of concept design level and consent application.

The peer review has been completed by an Awa team of Dr Brad Scarfe (Digital Environments — Group
Leader), Dr Chusit Apirumanekul (Senior Water Engineer) and Andrea Pozo Estivariz (Catchment
Dynamics Specialist). Principal design and modelling responsibility remains with Maven.

PURPOSE

This memo records Awa's peer review position of flood modelling for BRLP’s Wairakei South substantive
fast-track application. It has been developed using review material available up to 24 March 2026
including:

e successive Maven draft reports, models and results;

e final Maven report v9 (dated 24-3-2026);

e acomprehensive Excel issue log based on Bay of Plenty Regional Council's (BOPRC) modelling
guidelines

e meetings and email communications on technical modelling and reporting matters.

This memo seeks to confirm if the model can be used for the intent as described in the Maven report.

! https://www.fasttrack.govt.nz/projects/wairakei-south

awa environmental limited | 4 Williamson Ave, Grey Lynn, Auckland | www.awa.kiwi



SCOPE OF REVIEW

The scope of this review is outlined below.

e Review of Maven’s HEC-RAS flood model build including:
o clarity of model purpose and proposed applications to flood assessments;
module assumptions, inputs and outputs;
model geometry and structures;
boundary conditions;
initial conditions;
approximation of groundwater in the model;
validation against existing information;

O 0O O O O O O

review of sensitivity tests; and
o model build reporting.
e Review of design model results for pre- and post- development scenarios including:
o configuration for different scenarios;
o verification and spot checking of results; and
o results reporting;
e Review of flood assessment reporting using model results.

The review excludes the following:

e assessment of all BOPRC simulation requirements relating to service levels, flood duration,
breach scenarios and asset performance using Council’s MIKE+ base model;

e assessment of groundwater science other than that groundwater assumptions are correctly
implemented in the model; and

e assessment of asset management implications of any new assets.

Awa has not undertaken verification of all graphs and maps in Maven’s reporting and we expect they
have been verified by Maven. Awa’s focus was assessing the model schematisation, model set up in
comparision to BOPRC's MIKE+ model, validations and quality of reporting.

Awa's review has involved:

1. discovery of broader development proposal and work to date;

four rounds of review against Bay of Plenty Regional Council’s modelling guideline plan, build use
process.

logging of findings in Excel issue log and working through resolutions with Maven;

comparison of HEC-RAS and MIKE+ model outputs;

confirming if reported conclusions are supported by the model; and

communications with Maven, BRLP, BOPRC and ENGEO.

o v kW

OUTCOME OF THE REVIEW

Based on the information provided up to 24 March 2026 and subject to the commentary below, Awa is
supportive of the flood modelling work.

awa environmental limited | 4 Williamson Ave, Grey Lynn, Auckland | www.awa.kiwi



100 YEAR EVENT VALIDATION

The HEC-RAS work can support broad macro-scale conclusions for the 100 year ARI 2130 climate design
event for the purpose stated in the Maven reporting:

“to evaluate flood risks associated with the Wairakei South development in order to determine
the impacts of filling in the flood plain and how those effects were able to be avoided, remedied
or mitigated effectively”.

The model has been found suitable for concept scale design analysis, in particular, for understanding the
impact of the landform change on peak water levels, and if peak water levels can be managed via the
new pump station capacity proposed in the design. The model assesses if flood impacts of this event for
the development design can be managed via pumping into the Kopuaroa Canal and Kaituna Rivers, based
on the assumption that these waterways can absorb this additional volume.

Confidence in the HEC-RAS 100 year modelling work is gained from comparison with MIKE+ pre and post
results. It was found that the differences between pre and post development water levels were similar
(< 0.10 m across nine sampling locations) for both HEC-RAS and MIKE+ results. It is noted that absolute
water levels differ and that the MIKE+ water levels are lower in the flood plain (i.e. Bell Road catchment)
and higher in the Kopuaroa Canal and Kaituna Rivers.

Based on this, our acceptance is limited to peak water level analysis, broad flood-pattern comparison,
and representation of basin-filling and drainage-system behaviour involving pumps, channels, and gates.
It does not extend to detailed flow pathways and localised hazard interpretation.

5 YEAR EVENT VALIDATION

The 5 year ARI (pre-development) 2130 climate design event remains preliminary as there are localised
differences to the MIKE+ results. The current evidence continues to indicate a material routing
difference, with too much flow directed south toward the downstream farms block and too little north
toward the Bell Road Drain / TEL culvert area. With some structures and drainage pathways represented
differently in the HEC-RAS model, this indicates that further work will be required on the model for
detailed design and effects assessments in smaller events. For more detail, refer to the review issue log.

These comments relate to model verification rather than ability for a smaller event flood management
solution to be designed based on the increased pump capacity.

Maven has confirmed in their reporting and to Awa that appropriate draft consent conditions will be
included in the substantive application to support ongoing refinement of the modelling scenarios, aligned
with the proposed development staging as it progresses.

REPORTING

The report includes a section on future work and outlines additional work to be completed through
detailed design, development of consent conditions and engagement with authorities.

APPLICABILITY

This memo and the supporting services completed by Awa is a review limited to the scope of services set
out in the contract between BRLP and Awa. It has been prepared for the exclusive use of BRLP. Awa
accepts no liability or responsibility for use by any third party.

awa environmental limited | 4 Williamson Ave, Grey Lynn, Auckland | www.awa.kiwi



Awa understands that this memo may be submitted as part of Bell Road Limited Partnership’s application
under the Fast-track Approvals Act 2024 and may be considered by the Expert Panel, Western Bay of
Plenty District Council, and Bay of Plenty Regional Council in undertaking their respective assessment and
consenting functions.

CONCLUSIONS

Awa considers the modelling suitable to support the applicant’s current substantive fast-track application
based on the assumption that the 100 year climate change event is the key event to evaluate if flood
volumes and levels can be managed. This is subject to the qualifications in this memo and comments in
the attached Comment Register.

PREPARED BY:

Dr Brad Scarfe (Digital Environments Group Leader)

ENCLOSED:
Peer review Comment Register:

- 260324 Wairakei South SW Modelling Peer Review RFI_HEC HMS and HEC-RAS v4.5.xIsx (as PDF)

awa environmental limited | 4 Williamson Ave, Grey Lynn, Auckland | www.awa.kiwi
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