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1 Introduction
Over a period of many years, Greater Wellington Regional Council (GWRC) has developed or
commissioned models of the Hutt River and floodplain for a variety of purposes, including:
•
•

•
•
•
•

Flood hazard identification and flood mapping for defined flow scenarios
Design of river channel dimensions, stopbank levels, channel edge protection
works and other river works, and comparison of the hydraulic effects of design
options
Flood forecasting
Assessment of river crossing or floodplain development proposals by external
parties
River bed gravel management
Providing inputs into flood damage and risk assessment studies

Other than physical model studies of the river mouth alignment (Rogers & Tregurtha, 1973) and
the Ewen Bridge (Croad, 1993), the models have all been mathematical (computational).
Mathematical modelling in rivers is the simulation of flow conditions based on the formulation
and solution of mathematical relationships expressing known hydraulic principles. (Cunge, Holly
& Verwey, 1980)
Mathematical or computational hydraulic models have the advantage that they can be readily
altered and adjusted to model different flow scenarios or design options. They can also be
readily transferred between parties (e.g. consultants and clients).
GWRC has generally used “MIKE Powered by DHI” software for hydraulic modelling work. A
MIKE 11 hydraulic model of the Hutt River and floodplain was first developed in the late 1980s
and early 1990s (Barnett Consultants, 1993). Over time it has been updated as the modelling
software has evolved (now using both MIKE 11 and MIKE FLOOD, as appropriate for each
investigation), and also to incorporate more up-to-date data and completed flood protection
works. (Refer to Section 2 for a brief description of the software.)
The model has also been used in numerous river works design investigations, including those
relating to the implementation of the Hutt River Floodplain Management Plan (Wellington
Regional Council, 2001). In 2010, a report summarising the modelling investigations, between
2006 and 2009, for the Kennedy-Good Bridge to Melling Bridge reach of the river was prepared
(Wallace, 2010a).
Since that time, further modelling investigations have been carried out, culminating in the
RiverLink study for the reach between the Kennedy-Good and Ewen bridges (Figure 1-1 and
Figure 1-2). The modelling has assisted in, for example, the process of assessing potential
flood damages from the current channel layout, selecting a preferred alignment option and in the
preliminary design of river channel, berm and stopbank dimensions. It is intended that it will
continue to be used in the detailed design phase of the RiverLink project.
Although the most recent modelling for the RiverLink study has been documented in the River
Preliminary Design report prepared in 2017 (Damwatch, 2017 and DHI, 2017), the design
actually evolved over a period of a few years. GWRC wishes to have the hydraulic modelling
investigations over this period summarised, in part to support the documentation of how the river
channel design evolved and how alternatives were assessed. In turn, that documentation will be
used to support the consenting and Notice of Requirement (NOR) processes for the RiverLink
Project.
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This report documents these hydraulic modelling investigations and findings, as carried out
initially by River Edge Consulting (prior to May 2014) and DHI Water & Environment (from May
2014 onwards). Note that only the modelling investigations for the lower river (downstream of
Taita Gorge, Figure 1-1) are discussed.
This report is a follow-on or update document from the 2010 Kennedy-Good to Melling report,
although a brief summary of that report is also provided here to provide a fuller context.

Figure 1-1

2

Hutt River (lower river, Taita Gorge to Wellington Harbour)

Figure 1-2

City centre (RiverLink) project reach, Hutt River
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2 Modelling software
The modelling has been undertaken with MIKE FLOOD software developed by DHI. MIKE
FLOOD is an “industry-standard”1 hydraulic modelling package with wide-spread usage worldwide. Within New Zealand, it is arguably the most commonly adopted flood modelling
software.
As noted above, earlier modelling work for the Hutt River and floodplain used DHI’s MIKE 11
product. That software program uses the Saint-Venant one-dimensional (“1-D”) unsteady flow
equations to model open channel flow. Where necessary, floodplains were schematised as a
network of interconnected flow channels the model, allowing water to flow between the river and
the floodplain, and around the floodplain. Flow in each of these channels was governed by
the1-D flow equations.
Advantages of such 1-D modelling are that model simulation times are short, and that there is a
well-established body of knowledge on channel resistance values (e.g. Manning’s n values).
However, there are limitations for floodplains where there is no clear flow direction or where flow
direction might change with the size of the flood.
Two-dimensional (2-D) hydraulic modelling, solving depth-averaged equations for conservation
of mass and momentum, can overcome these limitations, albeit at a cost of longer computer
simulation times.
By the early to mid-2000s, GWRC began making use of the DHI product MIKE FLOOD. This
dynamically links components, MIKE 11 (1-D flow) and MIKE 21 (2-D flow) models (DHI, 2018).
It takes advantage of the features of both 1-D and 2-D models, although it still can require
significant simulation times. In the Hutt modelling, the main river and stream channels, as well
as river berms in some locations, have been represented in the MIKE 11 component, while the
floodplain and remaining river berms have been represented in the MIKE 21 component. Flow
is allowed to spill from the channels to the floodplain (or berms where they are in the MIKE 21
component) and vice versa, as conditions dictate.

1

For example, see Environment Agency (UK) (Néelz & Pender, 2009 & 2013) and FEMA (USA) references listed at the
end of this report
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3 Hutt River system and data sources
For the purposes of the RiverLink project, the Hutt River and floodplain system has been
modelled between Taita Gorge and the river mouth as it flows into Wellington Harbour (Figure
1-1). Separate models exist for the Hutt River and floodplain upstream of Taita Gorge,
extending upstream to Kaitoke.

3.1 Boundaries
Taita Gorge is the site of a water level recorder (rated to provide flow records), with records
dating back to 1979. Recorded flows at the site have been used as upstream boundary
conditions for calibration events. Design flood events have used a hydrograph shape that has
been used by GWRC since the mid-late 1990s; this peaks at seven hours after the start of the
flood and has a duration of around 24 hours. Peak flows for various annual exceedance
probabilities2 are as documented in NIWA (1999).
NIWA (1999) made the assumption that locations downstream of Taita Gorge had the same
flood frequency estimates, and accordingly no other inflows downstream have been modelled
until the Waiwhetu Stream. Waiwhetu Stream inflows have been derived from the Whites Line
East recorder (for calibration events) and from earlier modelling work on the Waiwhetu Stream
(Watts (2004) and Wallace (2011b)).
Downstream boundary conditions at the river mouth have been from recorded levels in
Wellington Harbour (Queens Wharf) for calibration events. Tidal cycles with peak harbour levels
based on a frequency analysis of annual peak levels at Queens Wharf (Wallace, 2011b) have
been assumed for design events.
Table 3-1 gives combinations of concurrent events assumed for the most recent RiverLink
modelling. All assume current climate conditions, but climate change implications are discussed
further in section 13. These are roughly based on combination of events recommended by Bay
of Plenty Regional Council (2012) and also used for other studies for GWRC (e.g. Wallace &
Shutler, 2013). Note however that the effect of the Waiwhetu and Wellington Harbour
assumptions on flood scenario results in the RiverLink area of interest is minor if not
insignificant, due to the distance downstream of the harbour and Waiwhetu Stream.

2

Annual exceedance probabilities (AEP, usually expressed in %) and Average Recurrence Interval (ARI, expressed in
years) are used interchangeably in this report. AEP = 1/ARI.
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Table 3-1 Combination of concurrent events for design scenarios
Hutt River @ Taita Gorge

Waiwhetu

Wellington Harbour

2800 m3/s

20 year ARI

20 year ARI

2300 m3/s

20 year ARI

20 year ARI

100 year ARI

20 year ARI

20 year ARI

50 year ARI

20 year ARI

20 year ARI

30 year ARI

20 year ARI

20 year ARI

20 year ARI

20 year ARI

2 year ARI

10 year ARI

20 year ARI

2 year ARI

5 year ARI

20 year ARI

2 year ARI

2 year ARI

Nominal baseflow 0.8 m3/s

Typical tide levels

3.2 River cross-sections
With the exception of the sediment modelling described in section 12 of this report, the
modelling has been undertaken with fixed bed assumptions. Hutt River cross-sections are
available at approximately 100 m intervals along the entire modelled reach. These were last
surveyed in 2014.
Model calibration simulations have generally used the cross-section data set closest in date to
the event being simulated; the exception being the November 2016 and February 2017 events
discussed in section 11. Those two simulations used 2014 cross-sections downstream of
Kennedy-Good bridge but upstream they retained 2004 cross-section data from a previous
simulation. As no recorded calibration data points were available upstream of Kennedy-Good
bridge, that assumption is immaterial.
Design option modelling used a mixture of 1998 and 2014 surveyed cross-sections, and design
cross-sections. For the latest RiverLink modelling, the design options used 2014 cross-sections
downstream of Ewen Bridge, design cross-sections between Ewen and Kennedy-Good bridges,
and 1998 cross-sections upstream. (Upstream of Kennedy-Good bridge, latest cross-sections
are not significantly different from those of 1998. Furthermore, GWRC has had a general policy
of trying to maintain river bed levels around 1998 levels, so much of the earlier design work
referred to in sections 4 to 9 of this report incorporated 1998 sections in the model assumptions)
Waiwhetu and Awamutu Stream cross-sections are generally as-surveyed in 2005. The
exception is in the lower reaches of the Waiwhetu Stream, where widening works were carried
out after that time.

3.3 Bridge crossings
Six bridges cross the Hutt River downstream of Taita Gorge. These have the potential to impact
on flood levels during significant flood events. Details on the bridges and how they were
modelled are given in DHI (2016).
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For the calibration simulations, and for the 2 year and 5 year ARI design events, no debris
blockage of the river bridges is assumed. For larger design events however, GWRC practice is
to assume some debris blockage – generally by lowering the soffit by 0.5 m and adding 0.1 to
the effective pier-width ratio for the bridge waterway.

3.4 Floodplain topography
Floodplain topography for earlier modelling (2005 to 2013) was based on a LiDAR survey
carried out in 2004. Modelling since 2013 has made use of a 2013 LiDAR data set. Further
details are given in DHI (2016).

3.5 Floodplain resistance
Spatially varying floodplain resistance has been applied to the models with the aid of aerial
photographs to guide the values used. In the case of the more recent modelling (as described
in sections 7 to 10, 2013 aerials have been used.) Again, further details are given in DHI
(2016).

3.6 Calibration data
Debris left behind by various flood events has provided the source of calibration information.
GWRC has often been able to survey highest debris levels after events, at locations along the
river. Although the coverage has not been consistent, due to competing demands on GWRC
staff after flood events, some useful data sets have nonetheless been obtained. In recent years,
data have been collected from flood events of:
•
•
•
•
•
•

20-21 October 1998
27 October 1998
17 June 2002
5 January 2005
2-3 November 2016, and
15 February 2017

The second of the 1998 floods and the 2005 flood in particular have been significant events,
being around 25 year ARI events and the largest since 1939. Data from all these events have
been used to calibrate and validate models. A discussion of the calibration data and calibration
results is given in various reports (e.g. Wallace (2010a), DHI (2016), DHI (2017b) and section 11
of this current report).

3.7 Freeboard
In recognition of uncertainties inherent in hydraulic modelling and also to allow for physical
phenomena such as waves that have not been specifically modelled, it is standard practice to
apply a freeboard to design levels. GWRC practice is to apply 900 mm freeboard to model
predictions to give design crest levels of stopbanks. The background to this is given in Robb
(1992).
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4 Boulcott Modelling 2006-2009
In 2006, Greater Wellington (Flood Protection) began preliminary design work on a stopbank in
the Boulcott area, intended to protect Lower Hutt from river flooding. The stopbank works were
a priority measure in the Hutt River Floodplain Management Plan (HRFMP) (WRC, 2001).
Investigations included hydraulic modelling of design options. MIKE FLOOD software was used,
with a 1-D (MIKE 11) component for the river channel from Taita Gorge to the harbour and a 2-D
(MIKE 21) component covering the left bank river berm between Melling and Kennedy-Good
bridges, the Boulcott Golf Course and a portion of the adjacent Lower Hutt floodplain. The 2-D
component used a 3 m cell size, with the topography being based on a 2004 LiDAR data set.
The MIKE FLOOD model dynamically links component MIKE 11 (1-Dimensional flow) and MIKE
21 (2-Dimensional flow) models. In this case, the main river and stream channels, as well as
river berms in some locations, have been represented in the MIKE 11 component, while the
floodplain and remaining river berms have been represented in the MIKE 21 component. Flow
is allowed to spill from the channels to the floodplain (or berms where they are in the MIKE 21
component) and vice versa.
The model was calibrated to the 28 October 1998 flood event.
As the investigations proceeded, a series of draft reports was produced, documenting the
hydraulic modelling undertaken and key results.
The first report (“Boulcott Hydraulic Model Report”) was prepared in October 2006. An update
was produced in June 2007 (File note “Boulcott Stopbank Investigations – Model Update 2007”,
powerdocs #442427). That update summarised modelling of further iterations of the stopbank
design options and of changes in river channel width. A further update (“2008 Boulcott
Modelling”) was produced in November 2008, after a stopbank alignment was selected and
confirmed by the Greater Wellington Regional Council. Key elements and conclusions of all the
modelling up to that date were then documented in a draft report in February 2009. That report
effectively superseded the three previous reports. A final version of the report, together with a
report on the Mill Street modelling investigations (see section 3), was produced in 2010.
Key assumptions for the final design were:
•

•
•

•
•

A stopbank alignment generally follows the outer (landward) boundaries of the
previous Hutt and Boulcott Golf Courses (now combined into a single golf
course), tying into the existing stopbank on the river side of Connolly Street near
the Safeway Storage site.
A short low level bund close to Harcourt Werry Drive, to prevent nuisance
flooding of the golf course in small events.
River channel widths reducing from 100 m at section 540 to 90 m at section 520
and to 70 m at section 480 (more or less in accordance with what was specified in
the HRFMP)
the Ava-Ewen design sections for that reach (works in that reach were completed
in 2009).
2800 m3/s design flow, with 900 mm freeboard added to stopbank heights

The Estuary bridge was removed from the model to avoid some instability issues. That bridge is
far enough downstream not to have any effect on flood levels in the of the area of interest.
Construction of the stopbanks works began in 2011 and they were completed in 2013.
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5

Mills Street investigations, 2009
In mid-2009, Greater Wellington undertook an assessment to identify an optimum stopbank
alignment through the Mills Street area, immediately downstream of the Boulcott reach.
Additional hydraulic modelling was carried out as part of the assessment, using same model as
was used for the Boulcott investigations.
Three stopbank alignment options were tested, along with further channel widening. The
“yellow” or middle alignment (the “preferred” alignment shown in Figure 1-2) was ultimately
approved by Council.
Key assumptions for the final design included:
•
•
•
•
•

Boulcott stopbank alignment as described above
The “yellow” alignment for the Mill Street stopbank
Extending the 90 m river channel width as far downstream as section 420, with a
70 m channel downstream of section 400 to Ewen Bridge.
Melling Bridge upgraded so that no afflux caused by the bridge
2800 m3/s design flow, with 900 mm freeboard added to stopbank heights

Hydraulic modelling results indicated that this design would lower design stopbank levels
upstream by around 300 mm. (These results were incorporated into the construction of the
Boulcott stopbank works that commenced in 2011.)
The modelling was documented in a draft report in November 2009 (“Mills Street Hydraulic
Model Report”) that was subsequently finalised and bound together with the Boulcott report into
a single volume.
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6 Melling Bridge and SH2 Options 2010
Following the Mill Street investigations, additional modelling was carried out to assess the
impact of SH2 upgrade options being investigated by Beca on behalf of the NZ Transport
Agency (NZTA).
Option M5A, involving a new skewed bridge and elevated ramps and roundabouts on the
eastern side of SH2 that would intrude into the floodway, was modelled. Results for the
2800 m3/s flood indicated that flood levels would be up to 130 mm higher, although typically
about 100 mm higher, than for final Mill St results.
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7

River mouth sand extraction consent application, 2010
Opus International Consultants carried out a sediment budget investigation in 2010, as part of a
resource consent application by GWRC to extract bed material from the river mouth (Opus
2010, McConchie et al 2011). The Hutt River hydraulic models were used to support that
investigation.
Additional modelling with the MIKE 11 model (i.e. 1-D only) was carried late in 2010, to assess
the sensitivity of results (river levels and velocities) to mouth bed levels. The model was
truncated at Melling Bridge at the upstream end, but extended as far downstream as crosssection 3 (i.e. the same location as for the models described above). The modelling and results
are described in Wallace (2010b).
Note that the impact of the extraction at the mouth on flood velocities and levels in the city
centre reach will be negligible.
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8

Hutt model upgrade
GWRC commissioned a model upgrade in 2013, for the entire Hutt River and floodplain,
downstream of Kaitoke. The model was to update and consolidate previous models, largely 1-D
MIKE 11 models dating from the late 1990s with various ad-hoc refinements (in some cases
adding 2-D components) for particular design investigations in localised areas such as Boulcott
and Mills Street. (A history of the modelling to that date was given in the model upgrade report
(DHI, 2016)). GWRC intended that the upgraded model would be used in its ongoing
management and flood protection design work, as well as for hazard mapping purposes.
Because of the size of the model area, two MIKE FLOOD models were developed: one for the
lower valley (downstream of Taita Gorge) and one for the upper valley. The main river channel
was modelled in 1-D with MIKE 11, while the floodplain was modelled with MIKE 21. Berms
within the stopbanks were modelled in some areas as part of the 1D component and in others
as part of the 2-D model.
A rotated grid was used for the 2-D components of both models, for efficiencies in file size and
in simulation times. A 6 m cell size was also used for the same reason, rather than the 3 m cell
size used for the Boulcott and Mills Street studies.
The Waiwhetu Stream and tributaries were included in the lower model, using information from
earlier Waiwhetu modelling (Wallace, 2011b).
The two models were calibrated to the October 1998, June 2002 and January 2005 flood
events. A range of design flood scenarios and breach scenarios were then simulated. In the
case of the design flood scenarios, the following key assumptions were made:
•
•
•
•
•

Design river channel cross-sections as per the Mill Street assumptions, between
Kennedy-Good and Ewen bridges.
the Ava-Ewen design sections for that reach (works in that reach were completed
in 2009).
2014 surveyed cross-sections upstream of section 2830 (near Mangaroa)
1998 cross-sections elsewhere (modified by any subsequent bank protection
works)
Debris on bridge piers and soffits

Model runs were completed in mid-2015. A draft report on the modelling was produced in
January 2016 (DHI, 2016). GWRC recently commissioned Awa Environmental Limited to
undertake a peer review of the modelling. The findings of that review are at present under
discussion.
Regardless of the outcome of that review, model results will at some point be superseded by
anticipated changes to the river channel between Ewen and Kennedy-Good bridges arising out
of the RiverLink project (section 10).
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9 Hutt City Centre Upgrade Project
GWRC, along with Hutt City Council (HCC) and NZTA, initiated the Hutt City Centre Upgrade
Project in 2013. GWRC’s role in the project includes widening a constricted section of the Hutt
River, with the aim of providing adequate protection to Hutt City against river flooding and
stopbank erosion risks (allowing a 2800 m3/s flow to be safely passed). The project also
provides an opportunity to revitalise the city centre (“Making Places”) and to reconfigure
transport routes, and hence the involvement in the project of HCC and NZTA.
The project was renamed RiverLink in 2016, and the modelling for that is covered in section 9
below.

9.1 Melling Bridge options and breach scenarios (2014)
Hydraulic modelling began in 2014. The model used initially was based on that of the lower
valley described in section 8, as it stood at that time. That is, a MIKE FLOOD model, with a 6 m
cell size for the MIKE 21 component. MIKE ZERO version 2012 was used.
Initially, Melling bridge and waterway options were investigated. Early results of the modelling
indicated that the current capacity of Melling Bridge is around 1700 m3/s, but with channel lining
and bridge abutment works (allowing a widened waterway under the bridge), a capacity of
2000 m3/s could be achieved. That would clearly still be less than the city centre upgrade works
aim to achieve.
A left bank breach scenario upstream of the bridge, in recognition of the increased likelihood of
breaches due to the limited capacity of the bridge (i.e. raised water levels) was modelled. In line
with previous breach modelling (e.g. by GWRC in 1993 and 1999 and DHI (2016)), a breach
progressively widening to 100 m width and eroding down to the approximate ground level on the
landward side of the stopbanks was assumed. The peak breach dimensions were assumed to
have been reached about 0.5 hours before the flood peak.
(Note that the breaches assumed are scenarios only; if actual breaches were to occur, the
location, size and timing of them could be quite different and give different downstream impacts
to those predicted by this modelling. However the inundation extent may not be significantly
changed for larger breaches.)
In addition, a separate scenario involving a right bank breach downstream of the Melling Bridge,
near Pharazyn Street, was modelled. This was in recognition of the limited berm width and
current meander pattern, with the risk possibly exacerbated from turbulence as the flow expands
downstream of the constriction at the bridge. Similar breach dimensions and timing assumptions
were applied.
Flood maps of the resulting inundation, along with flood damage estimates, are provided in the
2015 River corridor options report (Paul & Wallace, 2015). An economic analysis of the saved
damages from bridge improvement options is also presented in that report, along with
assumptions made for that evaluation.

9.2 City centre floodway options (2014-2015)
By mid-2014, six city centre floodway corridor options had been identified. They were named
Options 1-6, although some had been known by different names earlier in the process (refer
Figure 9-1). The options differed over the reach between Ewen and Melling Bridges. All but
Option 1 (which was modelled with the existing bridge as well as a new bridge) were modelled
assuming a new Melling Bridge (again, for modelling purposes at that preliminary stage of the
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investigations, by removing the bridge from the model, i.e. assuming that soffit would be raised
above the peak flood levels and that any piers would have minimal impact on flood levels). A
new Ava bridge was assumed (raised soffit and better aligned piers).
Option 1 reflected the design intention of the HRFMP, while Option 6 would give the highest
level of security, reflecting that of most of the rest of the Hutt River flood protection system.
Option 6 was considered the benchmark against which to compare other options.
A single stylised version of options 3-5 was modelled; although in practice there would be
differences between them, the hydraulic performance of all three would be sufficiently close for
the purposes of the exercise.
The model was stripped down to a MIKE 11 model to expedite the comparison of the options.
MIKE ZERO version 2014 SP1 was used.
Modelling of the 2800 m3/s flood indicated that over a short reach upstream of Ewen Bridge, the
original HRFMP design (i.e. Option 1) gave lower flood levels than the other options, but at the
expense of higher velocities. However, upstream of cross-section 360, the other options gave
both lower levels and lower velocities. (Figure 9-2 and Figure 9-3).

Figure 9-1
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By the end of August 2014, the options were renamed and refined again (Figure 9-1). What was
previously Option 1 (i.e. the HRFMP floodway) became Option 5, and again it was modelled with
and without a new Melling Bridge. The new Option 3 now included a floodwall along most of the
length of the true right bank between Melling and Ewen Bridges.
Again, the 2800 m3/s flood was modelled with the MIKE 11 model. Further details and results
are presented in Paul & Wallace (2015). These include equivalent graphs to Figure 9-2 and
Figure 9-3, as well as refined estimates of the Melling Bridge capacity.
To further investigate Option 3, estimates of potential scour were made, making use of model
outputs.
In September 2015, GWRC had selected two options to be presented for public consultation:
Option 2C and Option 4A (the C and A referring to particular features outside of the floodway).
These were presented to the public as Option A and Option B respectively. The intention was
however that Option A would be built in a single stage, while Option B would be a staged
process That is, Option B would involve building to Option 4 initially but at a later date fully
implementing Option 2.
After consultation, GWRC adopted Option A in late 2015.

15

10 RiverLink Project
In 2016, under a renamed RiverLink Project, the “Option A” adopted by Council was investigated
in further detail. Two variants were investigated:
•
•

a “consistent width” option, with a 90m wide main channel, referred to as Option
1 in the modelling, and
a “variable width” option, with a main channel varying between 70m and 100m,
referred to as Option 2 in the modelling.

Each variant was also tested with two indicative bed level assumptions: a “1998” bed and a
“2014” bed. The 1998 bed was modelled to reflect a relatively long-standing policy of GWRC to
manage bed levels to around those of the 1998 survey. The bed levels as they were in 2014
however were higher.
The lower valley MIKE FLOOD model was used for the modelling (MIKE ZERO version 2016
SP3 was the specific software). However, to speed up the simulations, several simplifications
were made to the earlier MIKE FLOOD model. Full details are given in DHI (2017b), but in
summary, selected areas of berm that had been modelled in 2-D in the earlier model were
instead modelled in 1-D, lateral links in the upper reaches of the Waiwhetu Stream were
removed, and the harbour was removed from the 2-D component. Checks of the results from
this simplified model, for the October 1998 and January 2005 events and for the 2800 m3/s
flood, confirmed that this simplification was acceptable and fit for purpose.
A range of flows from a 5 year ARI up to the 2800 m3/s was modelled for each of the two options
and the two bed level assumptions.
The two options incorporated indicative vegetation strips and rock riprap along the bank edges
and on the berms, as sketched up by Gary Williams, for the reach between Ewen and KennedyGood bridges. Some interpretation of the sketches was required. These elements were
modelled as additional roughness, generally in the 1-D component of the model but in some
locations in the 2-D component.
Possible landscaping features on the river berms were at no more than a conceptual stage of
design, and these have not been included in modelling to date. They will need to be considered
further in the detailed design stage of the project.
Each option assumed an upgraded Melling Bridge that would create no afflux, i.e. the bridge
was removed from the model.
Further details on the modelling and results are provided in DHI (2017), which is included in full
in Damwatch (2017).
When it became clear that the “variable width” option was emerging as the preferred variant
(after a multi-criteria analysis involving hydraulic, morphological, ecological, landscape, cost,
and maintenance considerations, amongst others), further modelling was undertaken with that
variant. In particular, an “eastward bias” version was modelled, where the channel and stopbank
alignment was shifted eastwards between cross sections 330 and 380. Figure 10-1 shows that
the eastward bias makes only a minor difference to design stopbank levels. (These stopbank
design levels include 900 mm freeboard, but would be smoothed for design purposes.)
Further model runs undertaken were a rerun with a longer simulation to provide flood levels on
the recession, for stopbank geotechnical design purposes, and a variation with a waterway
encroachment due to a proposed Melling Interchange design.
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11 Calibration
The calibration of the MIKE FLOOD model to the October 1998, June 2002 and January 2005
events has been described in DHI (2016). The 1998 and 2005 events were approximately 25
year ARI (4% AEP), while the 2002 event was approximately 4 year ARI (25% AEP).
While much of the modelling has been focused on large events (100 year ARI and above),
lesser flood flows have also been modelled in order to assess berm design options and assess
long-term morphological conditions, for example. Thus the model should also be calibrated to
these smaller flood events.
There have been two further events of around a 4 year ARI, in November 2016 and February
2017. The model calibration has been checked against these events.

11.1

November 2016 event
Table 11-1 and Figure 11-1 show the observed peak flood levels (from debris marks) and the
model predictions. The average error of the predictions is 1 cm, and the average absolute error
is 15 cm.
Table 11-1

Observed and modelled peak flood levels, November 2016 event

Cross-section Observed (m)

NZTM mE

NZTM mN

Bank

Equivalent
river
chainage

Error
Absolute
Model (m) (Model - observed)
error (m)
(m)

XS330

4.875

1759207

5435970

LEFT

46760

4.964

0.089

0.089

XS330

4.916

1759088

5436015

RIGHT

46760

4.964

0.048

0.048

XS340

4.982

1759237

5436076

LEFT

46650

5.130

0.148

0.148

XS340

4.852

1759127

5436116

RIGHT

46650

5.130

0.278

0.278

XS350

5.537

1759285

5436179

LEFT

46540

5.314

-0.223

0.223

XS350

5.129

1759164

5436220

RIGHT

46540

5.314

0.185

0.185

XS360

5.477

1759320

5436267

LEFT

46426

5.501

0.024

0.024

XS360

5.518

1759206

5436334

RIGHT

46426

5.501

-0.017

0.017

XS370

5.611

1759383

5436339

LEFT

46314

5.826

0.215

0.215

XS370

5.691

1759272

5436458

RIGHT

46307

5.832

0.141

0.141

XS370+48m

6.169

1759413

5436380

LEFT

46257

5.885

-0.284

0.284

XS380

6.204

1759451

5436417

LEFT

46202

5.943

-0.262

0.262

XS400+15m

6.583

1759682

5436491

LEFT

45963

6.315

-0.268

0.268

XS410+72m

6.468

1759806

5436636

LEFT

45796

6.518

0.050

0.050

XS420+42m

6.729

1759861

5436715

LEFT

45699

6.677

-0.052

0.052

XS420+79m

6.812

1759794

5436843

RIGHT

45663

6.733

-0.079

0.079

XS460

7.447

1760174

5436848

LEFT

45371

7.230

-0.217

0.217

average

-0.013

0.152
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February 2017 event
In view of the fact that only one debris level upstream of Melling Bridge was measured after the
November 2016 event, a limited number of debris levels upstream of Melling Bridge were
measured after the February 2017 event. The location of all these points is in the 2-D domain of
the model.
Table 11-2 and Figure 11-2 show that the model slightly overpredicts the observed levels by
around 10 cm on average. That is considered an acceptable result.
Table 11-2

Observed and modelled peak flood levels, February 2017 event

Cross-section Observed (m) NZTM mE NZTM mN

Bank

Equivalent
river
chainage

Error
Absolute
Model (m) (Model - observed)
error (m)
(m)

XS460

7.068

1760164

5436847

Left

45379

7.198

0.130

0.130

XS450 + 55m

6.974

1760102

5436831

Left

45429

7.111

0.137

0.137

XS450 + 34m

7.017

1760078

5436829

Left

45450

7.088

0.071

0.071

XS450 + 17m

6.904

1760058

5436826

Left

45469

7.120

0.216

0.216

XS460

7.029

1760027

5437026

Right

45367

7.209

0.180

0.180

XS460 + 43m

7.201

1760056

5437050

Right

45330

7.127

-0.074

0.074

XS460 + 48m

7.194

1760215

5436875

Left

45422

7.272

0.078

0.078

average

0.105

0.127
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Peak flood levels, February 2017 flood event.
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12 Sediment modelling
DHI was commissioned by GWRC in 2016 to undertake gravel bedload transport modelling of
the Hutt River to help understand the impacts of Option 2 (i.e. “variable width” option) referred to
in section 8. The gravel bedload modelling was intended to examine bed level trends in the Hutt
River, particularly at and downstream of the reach near Lower Hutt CBD, to determine whether
there might be any aggradational or degradational trends that may affect the efficacy of
Option 2.
The modelling approach was to adopt the MIKE 11 component of the existing MIKE FLOOD
numerical hydraulic model of the Hutt River, by activating the Sediment Transport (ST) module
of MIKE 11.
Results suggested no overall pattern of aggradation or degradation in individual large flood
events, although particular locations may experience up to about 0.5 m aggradation or
degradation. Modelling a long-term flow pattern (a 5 year period) indicated that Option 2 would
lead to additional aggradation (relative to the existing channel situation) over time of up to 0.4 m
in some sections of the river, although such aggradation would only have a modest effect on
flood levels.
Further details on the modelling and results are presented in DHI (2017a). The report is also
reproduced in full in Damwatch (2017).
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13 Climate change
Climate change needs to be considered in the design process. GWRC has had a policy of
requiring designs take into account a sea level rise (SLR) of 800 mm and a 20% increase in
storm event rainfall intensity by 2100 (GWRC, 2013).

13.1 Sea level rise
In the modelling to date, no allowance has been made for sea level rise due to climate change,
but as the river is reasonably steep; tests have confirmed that the sea level conditions do not
have any significant effect on flood levels in the city centre reach. Figure 13-1 shows that the
effect of 800 mm SLR on peak water levels diminishes rapidly upstream, particularly for larger
floods, and is insignificant upstream of Ewen Bridge.

Figure 13-1

Effect of 800 mm SLR on peak flood levels (Option 2, 2014 bed)

Higher sea level rises could be considered, particularly if a longer planning horizon is to be
considered (e.g. 2120, approximately 100 years), although it is still unlikely that the effects on
the city centre reach would be significant during flood events.
However, the effect of sea level rise on long-term river bed morphology and sediment transport
(see section 10) might require further investigation.

13.2 Increase in rainfall intensity
To date, the 2800 m3/s design flood standard has been justified on the basis that it allows for an
increase above the 2300 m3/s design standard adopted (in the HRFMP) due to climate change.
That implies 22% increase in runoff. The relationship between increase in storm intensity and
peak runoff is unknown, and will depend on the particular catchment and on the storm
characteristics, amongst other variables. However, in general, rainfall-runoff models suggest
that the percentage increase in runoff is slightly higher than the percentage increase in rainfall
intensity (e.g. Wallace (2011a)). A 22% increase in design flow due to a 20% increase in rainfall
by 2100 is at least perhaps of the right order. This gives confidence that upgrading the system
to a 2800 m3/s capacity will maintain a 440 year ARI design standard (2300 m3/s for the current
climate) for some time to come.
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To provide additional certainty, an attempt at rainfall-runoff modelling for the Hutt catchment
could be made. A relatively quick approach would be to make use of a recent flood-forecasting
model of the Hutt River that has been developed by DHI for GWRC.
As the design standard is flow-based rather than return period-based, an assessment could be
made of the expected ARI of the design standard at particular times in the future, e.g. 2100, to
gain an understanding of the effect of climate change on the level of protection offered by the
design.
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14 Peer reviews
In addition to the Awa Environmental review of the initial model upgrade work (section 8),
independent reviews have also been carried out by Barnett & MacMurray and DHI at various
stages during these investigations. A copy of the Barnett & MacMurray review, of the modelling
of Melling Bridge, is given in Appendix C. The DHI review, of the HCCUP option modelling
(specifically, Option 2 as of late 2015), is reproduced in Appendix D.
Key conclusions of the Barnett & MacMurray (2014) review were:
Independent estimates of the water level upstream of Melling bridge in the 2800m3/s design
flood using AULOS and HYBRID software confirmed that the predictions made … using a
MIKEFLOOD model are reasonably accurate.
The uncertainty associated with estimating the likely degree of blockage of the bridge cross
section by debris in the design flood, reduces the significance of moderate differences between
the AULOS and MIKEFLOOD predictions of water levels upstream of the bridge.
Depending on the purposes for which the MIKEFLOOD model is required, it may be worthwhile
to refine it to produce a higher spatial resolution in the vicinity of the bridge.
This last point has not been specifically acted upon for the modelling since, other than some
refinement to the 1-D and 2-d coupling in the vicinity, but any further modelling at the detailed
design stage may need to consider that further.
The DHI (2015) review was an internally independent review. It concluded that:
The model generally appears very sound and can be expected to provide reasonably accurate
water levels for the two options being considered. Successful calibration of the “existing case”
model can be expected to also apply to the options models.
The hydraulic specification of bridges appears sound, and … endorsement by Barnett &
MacMurray Ltd (2014) of modelling of the Melling Bridge should apply to the other bridges.
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15 Future modelling
Computation models of necessity include assumptions and simplifications. The modelling has
been appropriate for the option comparisons and preliminary design to date, but ideally the
modelling would be refined when it comes to the detailed design stage.
Limitations of the modelling to date include
•
•
•
•

•

Limited calibration data.
Simplifications required for bridge representation
Lateral links between river and floodplain/berm are based on weir flow equations.
The lateral links do not transfer momentum.
A 1-D representation of a compound channel, with different transverse
resistances (as is used, for example, between Melling and Ewen Bridges) can
lead to incorrect main channel and berm velocities and discharge, due to
momentum transfer between berm and main channel not being adequately
represented.
The LiDAR data set used (2013) is known to be subject to some errors; in
particular, non-ground points have not been properly cleaned from the data.

Of course, the use of freeboard deals to some degree with such limitations and uncertainties.
However, there are opportunities to improve the confidence in results and reduce the
uncertainties.
An option to consider is a pure 2-D model. That would at least partially deal with the limitations
regarding the interface between the elements of a compound 1-D channel or between linked 1-D
and 2D components of the model. Sufficient data exists to build a reasonable 2-D
representation of the river bed and berms, with closely spaced cross-sections, harbour mouth
bathymetry and LiDAR data. (It is understood that there is a more recent LiDAR data set than
the 2013 set, which may be better to use.)
With the use of a flexible-mesh (FM) model and GPU hardware, finer detail than the current 6 m
cell size allows can be used where appropriate and model simulation times should not be the
constraint they may have been. The model might extend from somewhere upstream of
Kennedy-Good Bridge (to allow the distribution of channel and berm flow to sort itself out by the
time the flow arrives at the city centre reach) down to the harbour mouth.
A 2-D model should also better represent the flow alignment at Ava Bridge, which has strongly
skewed piers. To date, it has been assumed that flood flows partially reorientate themselves at
the bridge, reducing the skew. However, a recent observation (Figure 15-1) perhaps puts some
doubt into this assumption. (While by no means certain, it is possible that the tree has floated
down in a minor flood and stayed in that position.) Flow in a 2-D model will not be subject to
predetermined assumptions about the flow direction.
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Figure 15-1

Tree aligning itself parallel to river flow, rather than bridge piers, upstream of Ava Rail Bridge

However, there are some issues to consider before any decision could be made on the use of a
purely 2-D model. Firstly, there is not the history of experience with Manning’s n values that 1-D
modelling enjoys, and there is less literature on “text-book” values of Manning’s n for 2-D
modelling. (There will be differences in the values needed for 1-D and 2-D representations of
the same surface, as in 2-D only the bed of the cell is of interest as opposed to the entire wetted
perimeter of a 1-D channel. Furthermore, viscosity is represented separately in a 2-D model
whereas it is lumped in with the roughness in a 1-D model.)
There is still no definitive method to represent floodplain obstacles such as large trees or dense
vegetation. Although focussing on buildings rather than vegetation, Smith and Wasko (2012)
compared several methods of representing obstructions in a 2-D model with physical model
results. They found that results from a high resistance method did not match the physical model
results, using a “porous” element approach accelerated flow through the element and produced
odd results, but completely blocking the obstacle from the grid gave the best match with the
physical model. The Hutt modelling to date has assumed a higher resistance for vegetated
areas, and so some further investigation would be required. A question to ask is, how much
does a stand of vegetation represent a complete blockage as opposed to simply slowing and
diverting the flow? The answer will also differ depending on the age, type and size of
vegetation, and possibly also on the season.
The findings of Nepf (2012) may be of use. Lateral lengths of vegetation were assessed, and
the resulting eddies and disruption of flow patterns investigated. Understanding of how to best
represent this is still in its infancy however. The approach will also depend on the scale at which
the understanding is needed: reach scale would seem to be most relevant for the RiverLink
design, although a smaller scale (e.g. individual stands of vegetation) might also be of interest.
A further issue is how to deal with bridge soffits. There is no straightforward way of representing
this in a 2-D model. The problem could be partially avoided if a new design for Ava and Melling
Bridges is assumed (where the soffit is above design water levels), but at least the outer edges
of the Ewen Bridge soffit would be reached in a 2800 m3/s flood.
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Finally, as implied by the uncertainty surrounding resistance parameters, a new calibration effort
would be required.
Continued collection of calibration data is encouraged, over a range of flood events. Note
though, that a 2-D model might ideally require more than just peak flood levels for calibration
(Neelz and Pender, 2009). Water levels over the event and velocities would also be useful.
Techniques are being developed to measure flood velocities from video recordings, for instance.
It is understood that GWRC is considering commissioning a physical model study assist with
further design work. That approach is endorsed, although it must be appreciated that results
from physical models are also subject to uncertainty and will be dependent on, for instance, the
accuracy with which feature such as vegetation can be represented.
An alternative or complementary approach may be to carry out some physical modelling and
then to use results to provide additional calibration information for a computational model (either
combined 1-D/2-D as per the current approach or a pure 2-D model). A computational model
has the advantage of being easily adapted to run alternative scenarios and options, and
providing detailed results. A physical model on the other hand takes longer to set up scenarios,
restricting the practical number of scenarios, and the recording of measurements.
Regardless of the modelling method, there will always be uncertainty. One cannot expect to get
definitive answers from any sort of model, regardless of how much effort is put into it.
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A

Selected correspondence 2010-2017
The following is a summary of relevant email and other correspondence or milestones between
2010 and 2017. Unless otherwise noted, all emails were either to or from Philip Wallace, both at
River Edge Consulting and at DHI.
This is not a comprehensive and complete record of the emails, but it is an attempt to capture
the details of most of the more relevant ones.
Subject/content

Date

17-Mar-10 email to Daya Atapattu Extension to Ewenof Table 2 of my Boulcott report.

(GWRC)

For supply to Beca - HCC/Beca wants information for a new bridge at Margaret Street located between xs 380 & 390
Beca report to NZTA on upgrade SH2 from Melling to Haywards. Option M5A would affect floodway
Proposed to widen SH2 from Melling to KGB. Request to model
29-Apr-10 email to Daya
Results - Option M5A shows flood levels up to 130mm higher, typically about 100mm higher,
than the Yellow Mill St + Boulcott works for the 2800 flow.
11-Jun-10 Meeting
Minutes of meeting (GWRC staff), discussion on river mouth extraction consent application
28-Jul-10 email from
Opus helping GW prepare material for resource consent application to continue extracting gravel from the vicinity
Jack McConchie (Opus) of the mouth of the Hutt River. As part of this process Opus is developing a sediment budget for the lower river so that
the proposed consent and its potential effects can be placed in context.
Wish to use some of the data & results from MIKE model of the Hutt River
2010 consent hearing
Boulcott SB works
10-Oct-11 email from Daya
Request for proposal to combine the sections of hydraulic models developed separately for various Hutt River projects
22-Nov-11 email to Daya
proposal for above
2013 email from Daya
request for proposal to update HV models
16-Apr-13 workshop
Hutt River:City Centre Upgrade Project . Introduction to project
16-Sep-13 email from Daya
GWRC currently planning investigations for the Hutt River City Centre Upgrade Project.
Next stage of the project is to prepare an Integrated Concept Design. This stage of the works will involve investigating
a number of combined options to select preferred options and will involve concept designs only
nominate you as the Hydraulic Modelling Specialist
Any initial information for this project can be provided from the existing model (Mills Street/Boulcott).
The new model (Hutt Valley model upgrade) can be used when it is ready
29-Jan-14 email from Daya
Ron (HCC) has accepted our invite for tomorrow. meet at 10.30 am at the Melling Bridge.
Susan has done the attached table comparing Matts 2300 cumec flood levels with 1999 estimates .
There are significant differences between the 2014 and 1999 levels.
Could you please have a look and also compare with some of the hydraulic modelling work done for the Ava to Ewen.
30-Jan-14 email from Daya
Please find attached a preliminary sketch showing what we discussed yesterday.
(sketch plan of possible waterway & rd improvements for Melling Br)
12-Feb-14 email from Daya
In order to quantify the benefits for a new bridge, we need to know damages for 1900, 2300 & 2800 floods f
or the three scenarios:
Existing Bridge (for the 1900 we need to consider a breach scenario)
Existing Bridge with improved waterway
New Bridge meeting 2800 cumec standard
17-Feb-14 email from Daya
I am looking for a design level to set the bridge soffit level for the proposed new bridge at Melling
18-Feb-14 email to Daya
Original results with the existing bridge and an upgraded bridge (M5A option), with 900mm freeboard.
19-Feb-14 email from Daya
In light of above, will use - Existing Bridge with upgraded water way: 10.37. New bridge: SB 10.2, soffit 11.2
27-Mar-14 email from Daya
I have set up a meeting for 4 April to discuss the following. I have also invited Graeme and Brendan.
Capacity of the existing bridge
Capacity of the existing bridge with the improved waterway
Risk of failure (above two scenarios) for the major floods, 1900, 2300 and 2800 cumecs
19-Apr-10 email from Daya
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Selected correspondence 2010-2017

02-Jul-14 email to Daya

03-Jul-14 email from Daya,

03-Jul-14 email from Brendan

03-Jul-14 email from Daya
04-Jul-14 email to Daya, Brendan
04-Jul-14 email to Daya, Brendan
04-Jul-14 email from Brendan
07-Jul-14 email to Daya, Brendan

07-Jul-14 email from Brendan
08-Jul-14 email from Daya
09-Jul-14 email to Daya
09-Jul-14 email from Daya
11-Jul-14 email to Daya, Brendan
14-Jul-14 email from Brendan

15-Jul-14 email to Daya, Brendan

05-Aug-14 Subcommittee meeting
20-Aug-14 email to Daya
21-Aug-14 email from Daya
21-Aug-14 email from Daya
22-Aug-14 email from Daya

The Ava-Ewen stopbank was designed on the higher of 2800 + new Ava bridge (ie higher soffit, fewer piers I think), a
nd 2300 + existing Ava Bridge. (2200 at the bridge itself).
I’ve been modelling the existing Ava bridge, with 2800 flow.
Would it make more sense for city centre design purposes to be modelling with a new bridge ?
My recollection is that the two water surface profiles, the Existing and New bridge scenarios, merged below
the Ewen Bridge (about 1,000 metres from Ava). We had to raise only the lower reaches for the
2,800 cumec/Existing Bridge option. Given the above situation, and that it is unlikely that Ava Rail
will be replaced, I believe that we should use the existing bridge scenario.
The debris modelling technique used for Melling/Ewen may ‘over represent’ the debris blockage
if used for the Ava Bridge because of shorter spans. A different parameter may be used to represent the bridge soffit.
I believe that it is reasonable to use a “new Ava Bridge” with the 2,800 cumec flow to set stopbank levels
for the central city reach. My logic for this is:
The current design standard is 2,300 cumecs, but
We are making provision for the longer term that includes climate change
We have decided that the longer term provision we are making is to be able to pass a 2,800 flow with high security.
Ultimately the Ava railways bridge will have be replaced, and as climate change occurs GW will
exert increasing pressure on KIWIRAIL to make it happen
I think this logic aligns with the approach we are taking for the HRCCUP – the stopbanks above Melling
will be designed as though a new Melling Bridge is in place.
Because Ewen Bridge is so new, I think this needs to modelled with any limitations it causes,
for example debris build up & surcharging. (Though it may have a reasonable capacity with a lower downstream level).
Agrees with Brendan's suggestion
I ran one of the options (option6) overnight with a new Ava Bridge. (similar assumptions to bridge design as made
in the Ava-Ewen modelling). Results downstream of Ewen are very similar to the HECRAS 2800 + new Ava,
Looking promising for getting the 2800 through. [Ewen]
Without debris it will be OK, but probably some surcharging on part of the soffit when you apply the “rules”.
Interesting enough, still showing for Option 1 that the levels immediately upstream of Ewen Bridge (xs360-xs320)
are lower than for other options. I’ve interrogated further and the velocities for Option 1 are quite a bit higher ,
and the total head for Option 1 is higher. So my explanation the other day that the attenuation of flows
due to existing Melling Bridge was the reason, is in fact not correct.
Can’t understand how Option 1 profile is lower, upstream of Ewen Bridge, than other options
– everything downstream is the same and the bridge configuration is the same.
I think, ideally, we should have two design channel profiles (70 and 90) for each section with the 1998 active channel
Let me know if you think that these stylised 90m channel + 25m berm cross-sections (labelled as Option4) look ok.
look ok
I can confirm that immediately u/s of Ewen Bridge, the water levels are lowest for option 1 and highest for option 6.
“how do we define capacity”? Thinks it was the assumptions at the time the Ewen Bridge capacity was defined
and the parameters were agreed:
stopbank height was computed design flow (2,200 cumec) level plus freeboard
because the bridge had a high arch, then
the bridge could land on the stopbank crests provided 1m debris clearance was a achieved within 20m of the crest,
there was still approx 150 metres of bridge soffit that had 1 metre or more of debris clearance
Capacity of Ewen bridge: considering stopbanks at Ewen = 7.05m RL, then if 900mm freeboard, what is flow at 6.15m RL?
Flow is 1960m3/s (for Option 1, other options slightly less)
If glass walls, what is flowwhen level reaches 1m from soffit at 20m from ends?
Soffit at 20m from ends is approx 8.4m RL, so what is flow at 7.4m RL?
Flow is in excess of 2800m3/s
Presentation of Options Report to the Subcommittee
scour calcs, 2800. I’ve taken results from the old Option 1 – of the options modelled recently (1,4,6) this I figured
would be the closest to the new option 4 with a wall.
Scour depths appear to be consistent with those used for previous works.
confirmation that can take old remnant stopbank boulcott out of model (on floodplain)
confirmation that should use Mill St yellow option (approved by council)

A-3

27-Aug-14 email from Daya

pdfs of options1-5 (Aug14)
Table - summary of Options for presentation to HVFMS (30 Sep 14)
email from Daya
photo of an example of debris deflector (to think about for Melling)
email from Daya
attached the Opus report on flood wall.
email from Daya
Fwd email from Graham Ramsay, re floodwall (geotech etc questions), scour
email from Brendan
response to above
email to Daya, Brendan scour calcs - checks (and rechecks) on the scour calculations. Except for around xs 360-350, the Floodwall option
gives scour depths similar to the results I had given previously (for “Option1”).
In the case of xs 350-360, the floodwall option scour depths are a bit less than before, down to around -4m RL.
emails to/from Brendan to and fro emails re above (my scour findings)
email from Alexei
response to Graham Ramsay

27-Aug-14 email from Daya
02-Sep-14
02-Sep-14
29-Oct-14
30-Oct-14
17-Nov-14

18-Nov-14
20-Nov-14

20-Nov-14 email from GaryW
21-Nov-14 emails from Alexei,

response to my questions re his scour formulae
re aquiclude/seepage etc

Brendan, Daya
16-Apr-15 email from Daya

23-Jul-15 email from Daya
16-Oct-15 email from Daya
09-Dec-15 email from Daya
01-Mar-16 email from Daya

09-Aug-16 email from Daya
12-Jan-17 email from Daya

80% security for passing the 2,800 cumecs flow (for options 4 and 5A).
the stopbanks will be built so that they will be high enough to contain a 2,800 cumec flood
but because of the narrow channel the 2,800 cumecs can be passed only with lower security.
starting the community consultation phase of the City Centre project.
yesterday Subcommittee ‘Hearing Panel’ recommended Option A for consideration by the Subcommittee
(ie do the whole works at once, as opposed to a staged approach)
today Council unanimously decided to adopt Option A to progress to the next stage of the planning and design process.
We have now commenced scoping the preliminary design for refining the City Centre Option A (selected option).
We will need your continued services to update the hydraulic model and provide the information required
for the design. To refine the river channel design from Kennedy Good Bridge to Ewen and provide information
for the development of stopbank profiles and costing.
attached background information for the channel alignment workshop with Flood Protection staff 10 August
accepted proposal for modelling bed level changes

to Graham Macky (DHI)
09-Mar-17 email from Daya

Request to assess flow implications of indicative embankment for new Melling interchange
email to Janet Duxfield
16-Feb-17 (Opus)
Water level hydrographs for Option 2 2014 bed, for geotechnical design of stopbanks
21-Feb-17 email to Janet Duxfield Water level hydrographs resupplied after running model for longer recession
21-Feb-17 email to Janet Duxfield Response to query as to why at some locations the freeboard for design crest levels is
slightly less than 0.9 design criterion. Explanation is smoothing of stopbank crest profile.
27-Mar-17 email to Daya
Results of modelling - treat as indicative as results may change with more detail on design.
13-Apr-17 email from Daya
Modelling suggest impact on water levels do not appear very significant.
to MWH
Concern though about amount of encroachment of interchange design into floodway
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Model files
The most recent MIKE FLOOD model files can be tracked via the following .couple files.

couple file name

run completion

comment

90mchannelchecks 2800 Simple1

20/08/2016 12:58:36 a.m. To check effect of model simplification (for faster run times)

Option1_1998Bed_Q5
Option1_1998Bed_Q10
Option1_1998Bed_Q20
Option1_1998Bed_Q50
Option1_1998Bed_Q100
Option1_1998Bed_2300
Option1_1998Bed_2800

21/10/2016 8:17:43 p.m.
31/01/2017 11:54:54 p.m.
5/10/2016 10:56:57 p.m.
4/10/2016 7:40:04 p.m.
note wrong label - was in fact Q30
4/10/2016 12:02:15 a.m.
3/10/2016 4:29:37 p.m.
30/09/2016 1:44:26 a.m.

Option1_2014Bed_Q2_TypicalTide
Option1_2014Bed_Q2_TypicalTide_NoDebris
Option1_2014Bed_Q5
Option1_2014Bed_Q10
Option1_2014Bed_Q30
Option1_2014Bed_Q100
Option1_2014Bed_2300
Option1_2014Bed_2800

26/10/2016 4:10:33 a.m.
26/10/2016 3:00:36 p.m.
1/10/2016 3:05:50 a.m.
6/10/2016 5:42:54 p.m.
2/02/2017 5:30:12 p.m.
1/10/2016 6:57:35 a.m.
1/10/2016 6:38:45 p.m.
29/09/2016 2:35:32 p.m.

Option2_1998Bed_Q5
Option2_1998Bed_Q10
Option2_1998Bed_Q20
Option2_1998Bed_Q30
Option2_1998Bed_Q100
Option2_1998Bed_2300
Option2_1998Bed_2800

22/10/2016 1:21:39 a.m.
7/10/2016 1:42:00 a.m.
6/10/2016 10:16:45 a.m.
31/01/2017 6:16:54 p.m.
6/10/2016 10:34:49 a.m.
28/01/2017 9:54:57 p.m.
29/01/2017 7:06:59 a.m.

Option2_2014Bed_Q2
Option2_2014Bed_Q2_TypicalTide
Option2_2014Bed_Q5 800mmSLR
Option2_2014Bed_Q5
Option2_2014Bed_Q5_TypicalTideNoDebris

28/10/2016 2:08:41 a.m.
26/10/2016 1:37:03 a.m.
2/06/2017 6:56:52 a.m.
3/10/2016 4:01:02 a.m.
28/10/2016 1:06:49 a.m.

Option2_2014Bed_Q10
Option2_2014Bed_Q20
Option2_2014Bed_Q50
Option2_2014Bed_Q100
Option2_2014Bed_2300
Option2_2014Bed_2800
Option2_2014Bed_2800 800mm SLR
Option2_2014Bed_2800 EastwardBias
Option2_2014Bed_2800 Extended Duration

19/10/2016 6:41:07 a.m.
3/10/2016 4:23:19 a.m.
3/10/2016 5:59:32 a.m.
note wrong label - was in fact Q30
18/10/2016 5:26:52 p.m.
1/10/2016 11:13:04 p.m.
29/09/2016 11:59:51 a.m.
1/06/2017 6:23:32 a.m.
23/12/2016 12:58:20 p.m. Further iteration of preferred design
18/02/2017 2:00:33 a.m. run for longer on recession, for use in geotech analyses

Sensitivity test, not used in tables of final results

MellingInterchangeOption2_2014Bed_2800 EastwardBias 21/03/2017 3:38:33 a.m.
Nov16 Simple2
Jan05 Simple2
Hutt98 Simple2
Feb17 Simple2

27/10/2017 8:53:00 p.m.
1/11/2016 7:31:50 p.m.
2/11/2016 8:03:52 p.m.
27/10/2017 9:26:04 p.m.
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1.

Introduction

Barnett & MacMurray Ltd (B&M) was commissioned by Greater Wellington Regional
Council (GWRC) to undertake a peer review of the hydraulic modelling of Hutt River
bridges undertaken by River Edge Consulting Ltd (RECL).
The peer review role was included in RECL’s proposal to GWRC for Hutt river and
floodplain modelling dated …
The aspects of the overall river and floodplain model to be addressed by the peer review
are the main river channel model and the bridges.
This document is an interim report on the hydraulic modelling review of Melling bridge.
Following submission of this report it is expected that the scope of further review will be
finalised in discussion with RECL and GWRC.

2.
2.1

Bridge hydraulic review method
Overview

The procedure for review of the bridge hydraulic modelling was as listed below:
- Compare peak levels calculated by RECL’s MIKEFLOOD model in one or more
calibration events with surveyed debris marks indicating peak flood level.
- Calculate bridge backwater due to piers using the Yarnell method as programmed
in the HYBRID bridge modelling software produced by Hydra Software Ltd, for
comparison with the MIKEFLOOD results
- Produce an AULOS model of the bridge and the river reach immediately upstream
and downstream, calibrate the river roughness using debris mark levels and
calibrate the bridge backwater against HYBRID results
- Run the largest design flood in the AULOS model and compare the water levels
upstream of the bridge with those produced by the MIKEFLOOD model.
The stopbanks have been designed to contain the design flood, so for the independent
AULOS and HYBRID modelling of the bridge backwater it was assumed that the flow
would be contained within the river channel.

2.2

Software

HYBRID is supplied and maintained by Hydra Software Ltd. It was originally developed
for estimating the backwater effect of the Hutt River bridges in a project carried out by
Barnett Consultants Ltd in 1988 and 1989. It calculates the effect of the piers (and of the
bridge superstructure if it contacts the flow) over a short reach of river which is
characterised by a single cross section. HYBRID uses the Yarnell method for estimating
the effect of the piers. Yarnell’s method was developed from a review of the bridge
backwater methods of d’Aubuisson, Nagler, Rehbock, and Weisbach, and a large number
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of model tests, as described by Chow (1959). The rather high pier width to span ratios
included by Yarnell in his experiments are appropriate in the context of debris blockage of
the bridges, which it is assumed will occur in the Hutt River under design flood
conditions. When the flow contacts the bridge soffit, HYBRID uses a sluice gate analysis
described by Henderson (1966) to estimate the upstream level.
AULOS is an unsteady flow river and closed conduit modelling system. It was developed
by Hydra Software Ltd and has a long history of application on rivers, floodplains, power
canals and stormwater systems. AULOS simulations of the Hutt River bridge reaches
were run in unsteady energy solution mode. The bridges were treated as short culverts
with energy loss factors at the entry and exit. In order to make comparison of AULOS and
HYBRID results convenient and accurate, cross sections (the same as the bridge cross
sections but without the piers and soffit) were placed a short distance upstream and
downstream of the bridge. Thus the AULOS model calculates the effect of the bridge over
a short reach which can be characterised by the bridge cross section, as does HYBRID.
In the MIKEFLOOD model the bridge is treated as a Q grid point, using either the energy
method (assumed to be similar to the treatment used in the AULOS review model), the
Nagler method, or the US Federal Highways Administration method. Water level results
are not available immediately upstream and downstream of the bridges, and therefore
comparisons have been made with the AULOS model at river cross sections further
upstream and downstream of the bridges. The energy method is used to describe Melling
bridge in the MIKEFLOOD model.

3.
3.1

Melling Bridge
Cross sections

The cross sections available in the Melling bridge reach, and used in this review are given
in Table 1. Two versions of the cross sections were available, labelled in the
MIKEFLOOD cross section database as HUTT98 and HUTT2013Design.
MIKEFLOOD Notes
model
river
distance (m)
45485
Upstream of the bridge. MIKEFLOOD and AULOS results compared at
this point.
45565
27m upstream of the bridge, not used in MIKEFLOOD model. Debris
level 7.55m in 1998 flood.
45599
Nominal bridge centreline cross section, understood to be largely based
on the section at 45565m. The actual bridge cross section through the
piers has not been surveyed since 1987.
45633
27m downstream of the bridge, not used in the MIKEFLOOD model.
Debris level 7.245m in 1998 flood.
45741
Downstream of the bridge. MIKEFLOOD and AULOS results can be
compared at this point.
Status – Draft
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45862
45978
46091
46202

Used for AULOS Manning n calibration
Used for AULOS Manning n calibration
Used for AULOS Manning n calibration
Used for AULOS Manning n calibration, debris level 6.600m in 1998
flood
Used for AULOS Manning n calibration
Used for AULOS Manning n calibration, debris level 5.915m in 1998
flood
Used for AULOS Manning n calibration
Used for AULOS Manning n calibration
Used for AULOS Manning n calibration
Upstream of Ewen bridge. Debris level 5.125m in 1998 flood

46314
46426
46540
46650
46760
46835

Table 1: Cross sections available for review of Melling bridge hydraulic modelling

Melling bridge has four piers. Under normal flow conditions the blockage ratio in the
MIKEFLOOD model is 0.023. This was approximated in the AULOS model by making
the sum of the pier widths equal to 0.023 times the nominal bridge span, giving piers
0.79m wide. The bridge soffit was clear of the water in the 1998 calibration flood.
In the design flood the blockage ratio was given as 0.123 in the MIKEFLOOD model,
representing accumulation of debris on the piers. This was approximated in the AULOS
model by installing four piers of 4.2m width in the bridge cross sections. The resulting
area blockage ratio when the bridge is flowing full (flow in contact with the soffit) is
0.129.
In the design flood, the nominal soffit level in the MIKEFLOOD model is 8.845m, which
is approximately 1m lower than the actual level, and represents an accumulation of debris.
In the AULOS design flood model, the bridge soffit was installed with that average level,
but 0.5m higher at one abutment than at the other (which is understood to approximate the
slope across the underside of the bridge deck).
This review has not assessed the process used to estimate the lowering of the effective
bridge soffit, or the increase in effective width of the piers, during the design flood.
However it is noted that there is inevitably a wide margin of uncertainty associated with
any such estimate, and it is reasonable to take that fact into account in the hydraulic
review. Small differences between different methods of assessing the bridge backwater
are probably of no great moment in comparison with the large uncertainty in assessing the
effective soffit level and pier width.
The AULOS model includes all the sections listed in Table 1 except that at 45599m. In
addition it has the cross sections listed in Table 2.
River
distance
(m)
45588
45592

Notes

Bridge cross section 45599 as supplied by RECL, copied to 4m upstream of
bridge / culvert reach. AULOS and HYBRID results compared here.
Bridge cross section 45599 as supplied by RECL, with piers and soffit added.
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45607
45611

Bridge cross section 45599 as supplied by RECL, with piers and soffit added.
Bridge cross section 45599 as supplied by RECL, copied to 4m downstream of
bridge / culvert reach. AULOS and HYBRID results compared here.

Table 2: Cross sections used for Melling bridge representation in AULOS model

3.2

Boundary conditions for AULOS model

Boundary conditions for the AULOS model were taken from the MIKEFLOOD model
result files. The upstream discharge boundary was generally the MIKEFLOOD discharge
at 45599m, and the downstream water level boundary was either the MIKEFLOOD time
series at 46835m (for the Manning n calibration model) or at 45741m (for the bridge
reach models).

3.3

Hutt River Manning n in AULOS model

Under most flow conditions a large part of the difference in water level between river
distances 45741m and 45485m is due to the resistance to flow in the river channel. It was
also found that to produce the same friction slope, a significantly smaller Manning n is
required in AULOS than in MIKEFLOOD. Therefore to make an alternative prediction of
water level under design flood conditions at 45741m, it was necessary to calibrate the
AULOS model against 1998 flood data. A Manning n value of 0.032 produced the peak
flow profile shown in Figure 1 which is considered a reasonable approximation to the
measured profile, bearing in mind the uncertainty associated with debris marks as
indicators of peak flood level. The relative roughness settings on the cross sections were
taken over unchanged from the MIKEFLOOD model. No detailed review has been made
of the method for setting the relative roughnesses, but it is understood from RECL that the
settings were made by reference to aerial photos. Manning n of 0.032 was used in
subsequent AULOS simulations.
The Manning n used in the MIKEFLOOD model in this reach is 0.04 upstream and
downstream of Melling bridge, reducing to 0.038 just upstream of Ewen bridge. The
reasons for the difference in Manning n have not been investigated in detail. One possible
reason is different treatment of the resistance of compound sections (where Manning n
varies across the section). Another possible reason is the division of the river channel
between the MIKE 11 and MIKE 21 components of the MIKEFLOOD model. Some of
the berms are assigned to the MIKE 21 model, which changes the effect of Manning n
because the hydraulic radius concept does not apply in a two dimensional model. A third
possible reason is the adjustment of the convective acceleration term at higher Froude
numbers in the solution. In AULOS there is no adjustment up to Froude numbers close to
unity. If MIKE 11 uses a greater adjustment the water surface profile through a channel of
varying cross sectional area would be affected.
The bridge losses in the AULOS model are adjustable by varying the inlet and outlet
headloss factors. The available data for bridge loss calibration were HYBRID results and
the levels of the debris marks at 45565m and 45633m. HYBRID indicated that with inlet
and outlet loss factors of 0.1, and with water levels below the bridge soffit, the bridge
backwater was overestimated in AULOS. On the other hand a better match to the debris
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marks could have been obtained by increasing the loss factors. Headloss factors of 0.1 at
inlet and outlet were accepted as a suitable compromise for the purposes of this Manning
n calibration. Higher headloss factors were used for the design flood simulation, as
described below.

3.4

Comparison of AULOS and MIKEFLOOD in 1998 flood

To make comparison of AULOS and MIKEFLOOD results easy, the MIKEFLOOD water
level time series at 45741m was used as downstream boundary condition for the AULOS
model. The results are shown in Figure 2, where discharge and upstream water level are
plotted as functions of downstream water level, rather than as time series. The 1998 flood
simulation extended just past the peak of the flood, so any looping of the rating curve is
not shown. The discharge curves for AULOS and MIKEFLOOD coincide, which
confirms that the correct upstream boundary condition was used in the AULOS model.
The agreement of water levels at 45585m between the two models is reasonable, with
AULOS predicting a level approximately 0.1m higher at the peak of the flood.

3.5

Comparison of AULOS and HYBRID in 1998 flood

Water levels and discharges at 45611m in the AULOS simulation of the 1998 flood were
used as inputs for HYBRID. The Yarnell coefficient used in HYBRID was 0.9, which
applies for piers with semicircular ends. The bridge backwaters according to HYBRID are
compared with those according to the AULOS model in Figure 3. It may be seen that
according to HYBRID, the AULOS model overestimates the bridge backwater by
approximately 0.1m at the highest flows of the 1998 flood. In this AULOS simulation,
inlet and outlet losses of 0.1 were applied at the bridge. Changing the Yarnell coefficient
in HYBRID to 1.25, which applies for square ended piers, made only a small difference to
the calculated bridge backwater, which did not significantly change the comparison with
the AULOS model.

3.6

Comparison of AULOS and HYBRID in design flood

The 2800m3/s design flood was run in the AULOS model, using the MIKEFLOOD level
time series at 45741m as downstream boundary condition. The bridge inlet and outlet loss
factors were adjusted for this simulation so that the AULOS model agreed with the
HYBRID model when the flow contacts the bridge soffit. This was achieved with an inlet
loss factor of 0.35 and an outlet loss factor of 0.45. These are substantially greater than
the 0.1 inlet and outlet loss factors that gave reasonable agreement with HYBRID when
the flow does not contact the bridge soffit. Thus HYBRID predicts a significant increase
in bridge backwater when the flow contacts the soffit. The comparison between HYBRID
and AULOS is shown in Figure 4. It may be seen that according to HYBRID, the
AULOS model significantly overestimates the bridge backwater when the flow is affected
by the piers only, but the agreement is quite good when the flow contacts the bridge deck
at downstream levels greater than 8.84m. The looping of the rating curve as the flow rises
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and falls through the design flood may be seen in the discharge curve. The discharges for
the HYBRID calculations were taken from the rising limb of the discharge curve.

3.7

Comparison of AULOS and MIKEFLOOD in design flood

Figure 5 shows the comparison between AULOS and MIKEFLOOD water levels at
45485m in the 2800m3/s design flood. In this simulation the AULOS model boundary
conditions were the MIKEFLOOD time series of discharge at 45599m and water level at
45741m (for the upstream and downstream boundary conditions respectively. The
agreement between the AULOS and MIKEFLOOD models is good at flows up to about
500m3/s, and also at approximately 2500m3/s when the flow is in contact with the bridge
soffit. At the highest flows the MIKEFLOOD model predicts a higher water level at
45485m, by approximately 0.3m. Between 500m3/s and 2000m3/s, the AULOS and
MIKEFLOOD upstream levels gradually diverge, with AULOS predicting higher levels at
45485m by approximately 0.3m at about 2000m3/s. As noted above, HYBRID results
indicate that the AULOS model may overestimate the effect of the bridge at flows which
do not contact the bridge soffit.

4.

Conclusions
1. Independent estimates of the water level upstream of Melling bridge in the
2800m3/s design flood using AULOS and HYBRID software confirmed that the
predictions made by RECL using a MIKEFLOOD model are reasonably accurate.
The differences between the water levels at river distance 45485m predicted by
AULOS and MIKEFLOOD are approximately 0.3m at most. At the highest flow
of the design flood, the MIKEFLOOD model predicts higher water levels than the
AULOS model. When the bridge deck first contacts the flow, the two models
agree well.
2. The uncertainty associated with estimating the likely degree of blockage of the
bridge cross section by debris in the design flood, reduces the significance of
moderate differences between the AULOS and MIKEFLOOD predictions of water
levels upstream of the bridge.
3. The MIKEFLOOD model is broad in scope and it has a lower level of detail in the
results around Melling bridge than the AULOS model used for this review. The
closest water level grid point in the MIKE 11 part of the model is 114m upstream
of the bridge centreline. Depending on the purposes for which the MIKEFLOOD
model is required, it may be worthwhile to refine it to produce a higher spatial
resolution in the vicinity of the bridge.
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Figure 1: Water surface profile from upstream of Ewen bridge to upstream of Melling bridge at the peak of the 1998
flood as calculated by AULOS, compared with debris mark levels
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Figure 2: Comparison of AULOS and MIKEFLOOD water levels at 45485m in 1998 flood
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Figure 3: Comparison of AULOS and HYBRID bridge backwater calculation in 1998 flood
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Figure 4: Comparison of AULOS and HYBRID bridge backwater calculation in 2800m3/s design flood
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Figure 5: Comparison of AULOS and MIKEFLOOD water levels at 45485m in 2800m3/s design flood
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BACKGROUND TO THIS REVIEW

1.1

Brief
This is an independent internal review by Graham Macky (Principal Engineer, DHI Water and
Environment Ltd) of the modelling of flows in the Hutt River. The modelling was carried out for
the Greater Wellington Regional Council (GWRC) to assess options for managing the Hutt River
at Lower Hutt, and this review is in response to a request from GWRC to review modelling of
two of these options that are being advanced for public consultation. Telephone discussions
have helped to define the scope of this review, but there is no written brief.
The two options are at present the subject of public consultation, and this in particular has
prompted GWRC to commission the review to give them confidence that the proposed options
are founded on reliable calculations.
It is understood that GWRC may soon commission a wider review of the full Hutt River
numerical model. That review would provide the opportunity to examine the model and its
output for the full length of the Hutt River in Hutt City. The present work has therefore been
confined to determining whether the modelling of the Hutt River channel is fit for the purpose of
assessing the two options, both of which involve river works between Melling Bridge and Ewen
Bridge. Close examination of the files has been restricted to Option 2, but it is reasonable to
apply these review conclusions to the other option as it will have been modelled in similar
fashion.
The conclusions of this report are therefore the reviewer’s professional opinion on the model’s
soundness, measured against present best practice and the present purpose of assessing the
two options.
In addition, as part of this review the standard GWRC modelling review spreadsheet has been
completed for the Option 2 model inasmuch as it is applicable to a MIKE 11 model.

1.2

The Hutt Valley Numerical Models
The prime model of Hutt Valley flooding was developed by River Edge Consulting Limited and
includes 1-dimensional model of the Hutt River and some stream channels on the floodplain, as
well as a 2-dimensional model of overland floodplain flow through the city. These two
components are linked in a MIKE FLOOD model.
A simpler model has since been used for assessing options for the Hutt River at the CBD. This
model is simply the 1-dimensional model from Taita to the sea taken from the MIKE FLOOD
model. This approach is justified because, even at the extreme flood peaks modelled for the
options assessment, all (or almost all) of the Hutt River flow remains in the channel from
upstream of Melling to the sea.
This simpler model is therefore a MIKE 11 model only. This model is the subject of the present
review.
The model includes Waiwhetu Stream and its tributaries, but this part has been ignored in the
present review, because it does not affect flow and water levels near the CBD at all.
Five of the bridges over the Hutt River are included. The Melling Bridge has been omitted, and
it is understood that this bridge would be replaced under both the options being modelled.

1

The “design” hydrograph is an extreme event with a peak flow at Taita of 2860 m3/s.
It is understood that the MIKE FLOOD model has been calibrated against observed high-flow
events. The events and the locations of measured water level are detailed in DHI (in prep.).
However, the observed water levels and corresponding modelled levels have not been available
for this review. Validation of the model output has therefore been restricted to inspection of
output data to ensure they appear sensible.

1.3

Background information and reports
Three reports have been produced describing the modelling done to date, and have been relied
on for this review:
•
•

•

2

Barnett & MacMurray Ltd (2014) provide a peer review of the hydraulic modelling of Melling
Bridge. Although that bridge is not in the present model, the report is relevant to modelling
of Ewen and Kennedy-Good Bridges in particular.
DHI (in prep.) reports on the MIKE FLOOD model of the entire Hutt Valley. Calibration of
that model has yet to be included in the draft report, but the report does include succinct
descriptions of the existing bridges and how they are represented, and other features
common to all versions of the model.
Greater Wellington Regional Council (2015) sets out the options for works to manage the
flooding risk, and in particular describes the two options the modelling of which is the
subject of this review.
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2

Review of the MIKE 11 model files

2.1

River Channel: Cross section locations and properties
Over most of the river, cross-sections applied in the MIKE 11 model are a dataset labelled
“Hutt2013Design”. However, cross-sections between Kennedy-Good and Ewen Bridges are
labelled to indicate various river works options. In particular, those between Melling Bridge and
Ewen Bridge have been modified to represent the particular two options which include widening
of the main channel.
Between Ewen and Melling Bridges and immediately downstream of Ewen Bridge, the crosssections extend to stopbanks on both sides. Further downstream, and also upstream of Melling
Bridge, the modelled cross-section does not extend this far on both banks (the data are present
but the bank markers are placed to exclude a width of floodplain). This is likely to reflect the
previous use of the cross-section data within a MIKE FLOOD model, where that part of the
floodplain was modelled within the MIKE 21 area.
Cross-sections are typically spaced at about 110 m.
The “reference values” of Manning’s n for each cross-section vary between .038 at the upstream
end of the model to .029 at the downstream end. The file holding these values appears to have
been used for all model runs including the existing state. Typically (but not always) the banks of
the main channel are assigned a higher value, and sealed roads given a lower value.
From comparison of a few of the Option 2 cross-sections with various earlier cross-section data
sets, the higher flow resistance for the banks between Melling and Ewen Bridges is not as
marked in Option 2 as is assumed for the status quo. This is consistent with the removal of
unkempt vegetation when the option is implemented. This will increase the conveyance slightly,
but the main conveyance increase comes from the widened main channel.
The conveyance is computed using the “Total Area, Hydraulic Radius” method. Along with the
higher resistance specified for the banks of the main channel, this means that the conveyance of
each floodplain is computed separately from the bed and banks of the main channel.
Comment:
Using cross-sections that do not extend all the way between stopbanks will have reduced the
available storage and conveyance. This may have affected computed water levels locally, and
may have increased peak flow slightly, but it is expected that there will be only a very slight
effect on the critical reach (for these options) between Melling and Ewen Bridges.
The spacing of cross-sections appears to be very satisfactory, as there is a reasonably smooth
transition between adjacent computed conveyance curves.
Of the conveyance methods available in MIKE 11, the “Total Area, Hydraulic Radius” method,
with resistance changes at the banks, is the best for comparing the conveyance of a widened
channel with that of the original.
The specification of flow resistance appears reasonable and is understood to have been
determined by calibration of the “existing state” model.

2.2

Bridges
The five Hutt River bridges modelled are listed in Table 1. Melling Bridge is not included. Of the
five bridges, Pomare Rail Bridge and the Estuary Bridge have not been examined in this review,
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as they are too far from the Lower Hutt CBD to affect flow conditions there. Notes on the other
three bridges are provided below.
Table 1

Hutt River Bridges included in MIKE 11 model

Model chainage
38561
43209
46891
47982
49197

2.2.1

Pomare Rail Bridge
Kennedy Good Bridge
Ewen Bridge
Ava Bridge
Estuary Bridge

5 piers
7 piers
5 piers
15 piers

Kennedy Good Bridge
DHI (in prep.) states that “the soffit slopes upwards from the left bank level of 14.6 metres
(Figure 1) to 16.7 m on the right bank”. Modelled level of 14.75m RL has been used for all
modelling, derived by subtracting 0.5m for debris from the average actual soffit level of
15.25m RL.
There are 7 piers, 1.5m diameter, amounting to 7% of the waterway width. A further 10% has
been added for debris to obtain the total pier blockage of 17%.
Comment:
It is likely that Kennedy Good Bridge is very well represented in the options model. However, it
could be wise to confirm the left bank soffit level to ensure it is indeed high enough to avoid
affecting the flow (either directly or by trapping debris).
The allowance for debris trapped by the piers appears conservative if anything. These debris
masses can be considerable, but are typically confined to the top half of the flow depth.

Figure 1

2.2.2

Kennedy-Good Bridge, true left bank

Ewen Bridge
It is understood that the levels now specified for Ewen Bridge in DHI (in prep.) are in error.

4
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In the options models the soffit is set at 8m RL. In reality, the soffit is arched (Figure 2) and the
modelled level is understood to be an average representation. There is no information or plan
available for this review to check the soffit level.
Pier blockage is modelled as 16% of the waterway area. The piers are circular, specified in DHI
(in prep.) as 2m diameter, providing blockage of 6.5% of the waterway width of 154m. Further
blockage of 10% of the waterway area has been added for debris trapped against the piers.
Comment:
It is likely that Ewen Bridge is very well represented in the options model. However, it could be
wise to check that the soffit level, particularly at the banks, is indeed high enough to avoid
affecting the flow (either directly or by trapping debris).
Similarly to Kennedy-Good Bridge, the allowance for debris trapped by the piers appears
conservative if anything. These debris masses can be considerable, but are typically confined
to the top half of the flow depth.

Figure 2

2.2.3

Ewen Bridge, looking downstream from true right bank

Ava Railway Bridge
DHI (in prep.) describes the parameters applicable to the present bridge (Figure 3):
•
•
•
•
•

A soffit level of 4.6 m and an overflow (deck) level is 6.1 m
A total waterway width of 220 m;
15 Piers with a combined width of 23m (6 small piers of 1.2 m width and 9 large piers of 1.8
m width).
Allowing for debris trapped on the piers, and for the skewed angle of piers that are several
metres long, a pier blockage ratio of 28%.
Blockage of debris against the bridge spans considered equivalent to a soffit level 0.5m
lower (at 4.1mRL).

The options, however, include a replacement bridge with “a raised soffit (to be clear of the
2800 m3/s flood event) and fewer and better aligned piers” (Greater Wellington Regional Council
2015). This results in the following modelled parameters:
•
•

Modelled Soffit 7m RL and Deck 7.5m;
Effective pier blockage 21%

Other parameters have remained unchanged.
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Figure 3

Ava Railway Bridge

Comment:
Most of the same parameters use in modelling the present bridge have been applied to the
proposed bridge, and the present bridge forms part of a calibrated model. The options
modelling will therefore be satisfactory provided the proposed bridge spans are built well clear of
likely flood levels and the piers are orientated closer to parallel with the channel than at present.
However, this will require attention to the final soffit level, as the assumed 0.5m between soffit
and deck levels appears optimistically low.
As for the other bridges, the allowance for debris on piers seems conservative if anything.

2.3

Boundary Conditions
The upstream boundary on the Hutt River is the inflow hydrograph at Taita. The downstream
boundary is a tidal one at the mouth, and is too far from the CBD to have any effect on water
levels there.
20-year ARI flow hydrographs are the upstream boundaries for Waiwhetu Stream and its
tributaries. The stream’s confluence with the Hutt River is in any case too far downstream for
the hydrograph to have any effect on water levels at the Lower Hutt CBD.

2.4

Numerical parameters
No .INI file accompanies the model files, so most numerical parameters are the default values.
The spacing (DX) between computational cross-sections is 6m, except at the bridges where it is
600m. The computational timestep is 0.25s. This matches the MIKE 21 grid and is a lot finer
than required for the MIKE 11 calculations.
Comment:
The parameters should prove suitable for this model. The maximum DX is smaller than
essential for this MIKE 11 model, and is a likely carry-over from the MIKE FLOOD model.
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Model output
The model output looks plausible and shows no sign of numerical instabilities (Figure 4 and
Figure 5).
Froude Numbers are almost always well below 1.0. Stable and accurate model output is more
likely with these sub-critical flow conditions than with higher Froude Numbers.
The one Froude Number exception is during low flow at chainage 45253m (upstream of Melling
Bridge). This one unusual feature has no effect at all near the peak of the flood.
At one location well downstream (chainage 48827m) the peak velocity is 5.1 m/s. This is at a
constriction in channel width. This does raise the water level immediately upstream by about
0.5m, but the backwater effect from this does not extend a significant distance upstream.

Figure 4

Option 2, peak water level, Kennedy-Good Bridge to Ava Railway Bridge
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Figure 5

4

Water level and discharge hydrographs, immediately upstream of Melling Bridge

Conclusions
The model generally appears very sound and can be expected to provide reasonably accurate
water levels for the two options being considered. Successful calibration of the “existing case”
model can be expected to also apply to the options models.
The hydraulic specification of bridges appears sound, and B&M’s endorsement by Barnett &
MacMurray Ltd (2014) of modelling of the Melling Bridge should apply to the other bridges.

Caveats:
The approach for modelling obstruction by debris is the accepted one of removing a
corresponding area from the waterway cross-section. Typically 10% of the total waterway area
has been removed to account for debris on bridge piers, and the 0.5m below the soffit over the
full width for debris caught by the bridge deck. Both these amounts appear somewhat
conservative.
The model for both options does not include Melling Bridge. This is accurate if a new single
span Melling Bridge is built with its soffit clear of any peak water level. If there are likely to be
any bridge piers (i.e. two or more spans) then, although the effect may be minor, a
representative bridge design should be modelled. A representative bridge soffit should be
modelled if part of the soffit is likely to be either below peak water level or low enough to catch
debris.
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The MIKE FLOOD model has been calibrated against three flood events of recent years, and
the present MIKE 11 model has simply been extracted from that larger model. The accuracy of
the MIKE 11 modelling of the two options therefore depends on how successful that calibration
has been. The data have not been available to examine that in the present review.
Furthermore, the MIKE 11 model on its own may produce somewhat different water levels from
the MIKE FLOOD model. This is more likely in those reaches (e.g. between Kennedy-Good and
Melling Bridges) where the MIKE 11 modelled channel does not represent the full width of the
flow. Between Melling and Ewen Bridges, on the other hand, the MIKE 11 model includes the
full waterway so any difference in water levels between the two model types will be minor and
due to upstream and downstream effects.
There have not yet been any sensitivity tests: model runs varying the input parameters to see
whether water levels stay much the same and the river training options remain effective. Such
sensitivity tests are most likely unnecessary at this concept stage, but should be considered at
the detailed design stage.
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