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SCOPE OF STUDY

Land River Sea Consulting Limited has been contracted to further refine and update the existing hydraulic
model of the Waiohine River and surrounding floodplain. This review has come as a result of a recent peer
review which has been carried out by Mike Law from BECA consultants (Beca Ltd, 2017).

Specifically, the terms of the update are as follows:

o Revision of the adopted roughness coefficients is to be carried out based on a site visit, as well as
further model calibration / validation with historic events and in conjunction with the refined
model.

o Refine the 2D component of the model by converting to a Flexi Mesh model.

e Refine the model so that individual buildings are better represented.

e Include the State Highway and Railway Bridges in the MIKE11 Model.

o Allow for blockage of key structures through sensitivity tests.

e Run a number of calibration / validation events paying particular attention to the 1990 event.

e Model freeboard is incorporated into the final model results, with consideration given to applying a
different approach based on actual model sensitivities.

One of the points raised for consideration in the peer review document is the consideration of long term
changes in bed levels. I consider this to be outside my main area of expertise and have proposed that
someone with specialist expertise in the area of river Geomorphology is approached to make
recommendations in this area. This has therefore not been included in my investigations to date and is
being investigated separately by Tonkin and Taylor.

LOCATION

The location of the modelled reach of the Waiohine River is shown in Figure 1-1 below.
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Figure 1-1 - Location of Waiohine River (Land Information NZ)

SITE VISIT

This model build has been assisted by two visits to site. The first being an extensive visit over 3 days
between the 2nd and 4t of August 2017. On the 3rd of August [ was accompanied by a group of local
residents who shared their recollections of previous floods, pointed out key features which they believed
were not well represented in the existing model and showed me the general lie of the land. I also took time
to inspect the river channel as well as key structures.

The second visit being a brief visit to look at some features along the apple barrel floodway on the 26t of
October 2017 accompanied by James Flanagan and Mark Hooker from the regional council. The purpose of
this second visit was to verify some key features in the terrain identified in the LiDAR during the model
build process.
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This study has been carried out using the information and data made available to the author at the time of
this study. There are a number of uncertainties which should be acknowledged which include but are not
limited to:

Page 6

LiDAR data does not cover the entire model area and was flown in 2008. Some changes in river
alignment have taken place since 2008 and there is likely to be some changes in particular in the
river berms.

Surveyed cross sections for the Waiohine River were last surveyed in 2013 and are also relatively
widely spaced (Approximately 400 to 500 m spacing). Several extra cross sections were surveyed
in the vicinity of the apple barrell floodway to reduce the uncertainty however.

The model is a fixed bed model and does not allow for bed mobilisation / gravel transport.

Model calibration is based on limited / historic data. Significant changes have occurred in the river
since the last major flood event.

There is significant uncertainty in the input hydrology estimates due to the mobile nature of the
bed at the gauging location and due to the fact that the river flow has not been gauged during a
large flood event
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‘)j CONSULTING




Waiohine River: Hydraulic Model and Level of Service Analysis

PREVIOUS MODELLING

Extensive work has been carried out on modelling the flood hazard on the Waiohine River over the past
30+ years.

A MIKE 11 model of the Waiohine River and floodplain downstream of the rail bridge was developed in the
early 1990s (Heslop, 1993). The model behaviour was validated using the 1982 and 1990 flood events and
the model was used to generate flood maps.

A MIKE 11 model of the Ruamahanga River downstream of the Waiohine River, including various
floodways and Lakes Wairarapa and Onoke, was completed in 2003 (Wallace, 2003). This model was
developed further into a MIKEFLOOD model in 2004, as part of the rating reclassification for the Lower
Wairarapa Valley Development Scheme.

A detailed MIKE Flood model of the Waiohine River, including the Mangatarere River and Ruamahanga
River at the downstream confluence was developed in 2010 (Wallace, 2010).

This model was further updated and refined in 2012/2013 and used for assessing a range of flood
mitigation options.

CURRENT MODELLING

The current modelling is essentially an update to the 2010 modelling carried out by Phil Wallace, however
also adds significantly more detail to the model, in particular in the 2D domain as well as further details
included in the MIKE11 model. The model has been developed using the MIKE Flood package however has
adopted a Flexible Mesh approach for the 2D model, which has the advantage of faster model run times and
the ability to add in significantly more detail to the 2D terrain.

MIKE 11 MODEL

Network

The model network file represents the main river / stream channels as well a number of floodplain
culverts, which have been linked to the MIKE21 domain through standard links. The following water
courses have been included in the Network file

e Waiohine River from Cross Section 45 to 0 (i.e. the confluence with the Ruamahanga River)

e Mangatarere River from cross section 47 to 1 (i.e. the confluence with the Waiohine River)

o The Ruamahanga River from Gladstone Bridge to cross section 142 (considered far enough
downstream to have no impact on the Waiohine River levels. The Ruamahanga River also includes
Berm overflow channels in the lower reaches. These have been taken from the 2003 model and
have not been revisited for the purposes of this investigation (Wallace, 2003). Ideally these would
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be replaced with a 2D model at some stage, however due to the lack of high quality LiDAR data in
this location, the model has remained unchanged in this location.

e A number of tributaries to the Mangatarere have also been included, these being Beef Creek,
Kaipaitangata and Dalefield Stream.

o The Apple Barrel culverts as well as a number of rail underpasses have also been included in the
network file.

e A number of culverts which cross under the State Highway have also been included.

The location of the modelled waterways is presented in Figure 3-1 on the following page.
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Figure 3-1 - Waiohine Mike11 Model Network
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BRIDGES

There are two bridge structures which have been represented within the Waiohine River. These bridges
have been represented using the MIKE 11 bridge module using the following parameters.

Railway Bridge

Figure 3-2 - Aerial View of Railway Bridge

Bridge dimensions have been taken from bridge drawings supplied as well as confirmed on site. The
Energy Equation has been adopted within MIKE11 for this bridge. The following dimensions have been
used.

Road Level (Overflow): 94.9
Soffit: 93.89

Bridge opening width: 194

LANDRIVERSEA
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Bridge Piers:
Total blockage width of 6% or 0.06

State Highway Bridge

Figure 3-3 - Photo of State Highway Bridge

Bridge dimensions have been taken from bridge drawings supplied by GWRC as well as confirmed on site.
The Federal Highways Administration WSPRO method has been adopted within MIKE11 for this bridge.
The following dimensions have been used.

Road Level (Overflow): Not yet confirmed however estimated level is well above 100-year level
Soffit: Not yet confirmed however estimated level is well above 100-year level

Bridge opening width: 93.85

Bridge Piers:

Total blockage width of 4.5% or 0.045
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There are a number of other structures within the model which have already been detailed in the previous
modelling reports.

CROSS SECTIONS

The source for the cross-section data is summarised in the following table.

Waterway Average Cross Section Source
Spacing
Waiohine River 400-500m 2013 Survey (additional sections
surveyed in 2017)
Mangatarere Stream 350-400m 2007 Survey

Beef Creek and Tributaries 400-500 m 2012 Survey and 2017 Survey for

lower reach of Beef Creek
Ruamahanga River 500m 2007 (Upstream of Waiohine

Confluence)

1998-1999 (Downstream of
Waiohine Confluence)

The maximum dx (i.e. the distance between computational H-points) has been set at 10m, forcing the model
to interpolate additional cross-sections every 10m and improves the linking of the MIKE 11 and MIKE 21
models.

An A3 plan showing the modelled cross section locations is included in Appendix A at the end of this
document.

BED RESISTANCE

Channel resistance has been represented Bhe applying

Manning’ s ‘ n’ detaninedlargelibmsedeon rhoeet calibration as well as a comparison with
Strickler values based on actual sediment samples from 1993 (Heslop) as well as 2009 (Williams &
Flanagan). A comparison between the latheStrickkemsl y ado

values is made in Figure 3-4 below.
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Manning's 'n'
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lan Heslop Model ——Phil wallace Model Strickler 1993 Strickler 2009

Adopted Values
Figure 3-4 - Comparison ofadoptedManni ng’ s ‘n’ values compared with
previous Hydraulic Models

Whilst these values are at the |l ower end of the exp
calibration runs have shown that by raising these values further than this, significantly more flooding is
observed on the floodplain than occurred in the respective events.

A visit to site did highlight that the grain material is relatively round, fairly uniform (at least in the

armouring layer), there is limited vegetation growing within the river bed, and the river is relatively
straight and free of obsta c 1 e s . These points may provide some j u
“n’ values than typical for steep gravel rivers.
Whilst the Strickler formula is not considered a de
rivers, it is often adopted as a guide. The comparison presented in Figure 3-4 does show that the adopted

values do correspond more or less with the Strickler values, which are based on actual sediment samples

taken from the river bed.

FLOODPLAIN RESISTANCE

Floodplain resistances are accounted for in the MIKE21 model, the setup of which is detailed in the

following section. To account for varying roughness values on the floodplain, a raster of roughness values

with a grid size of 1m has been created wheree ach cell has been assigned a M
the land use visible in the 2013 aerial photography.

A combination of automatic image classification techniques and manual classification have been adopted to
identify land uses. Buildings have been located based on a digitised building footprint shapefile supplied by
GWRC. Road centrelines were manually drawn, and a buffer polygon was created around the road
centreline since the available GIS datasets did not have sufficient accuracy.

LANDRIVERSEA Page 13
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Waiohine River: Hydraulic Model and Level of Service Analysis
The adopted Manning’' s ‘TabBle3-thelow eAgraphicaleepresentatiom ofthe e d 1 n
roughness representation is also presented in Figure 3-5.

« ’

Table 3-1 - FloodplainMa nni ng’ s n val ues

Manni hg’ s
Grass/Pasture 0.035
Crops 0.05
Vegetation 0.08-1.5
Residential Buildings 4
Roads 0.02
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Figure 3-5 - Adopted floodplain land use classification for roughness definition
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Waiohine River: Hydraulic Model and Level of Service Analysis

For the calibration runs, changes have been made to the roughness file based on the nearest imagery to the
calibration event. The most significant changes were made along the river berms where the vegetation has
changed significantly.

BOUNDARY CONDITIONS

The peer review did not recommend any changes to the input hydrology; therefore, the boundary
conditions have simply been based on the same boundary condition adopted in the most recent modelling
carried out by River Edge Consultants (Wallace, 2011). The input hydrology is based on Hydrological
modelling carried out by Hydro Tasmania (Hydro Tasmania Consulting, 2009) as well as flood frequency
analysis carried out by Greater Wellington Staff (Keenan & Gordon, 2009).

MIKE 21 MODEL

The MIKE21 has been set up using the Flexible Mesh module and used a variable mesh size allowing
varying degrees of resolution over the floodplain.

The underlying topography has been based on the 2008 LiDAR supplied by GWRC with the areas which
were not covered by the 2008 LiDAR using the 2013 LiDAR dataset. It should be noted that this LiDAR
dataset is of a lower quality in areas of dense vegetation, in particular along river berms and hence has not
been used in these locations.

Due to limitations with the software, it is not possible to interpolate the mesh elevations based on the raw
LiDAR points for the entire model area. As a result of this, a compromise has been made with the berms as
well as the urban area being interpolated based on the raw LiDAR points and the remaining areas being
based on a 2m grid.
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Legend

|| 2008 LIDAR Raw Points
2008 LiDAR 2m Grid
2013 LiDAR 2m Grid

Figure 3-6 - Source Data and point resolution for underlying topographic data

Several important floodplain features have been represented as dikes within MIKE21 to ensure that the
maximum level which will control the flow in this location is picked up. For the majority of the floodplain
stopbanks, survey data of the crests were provided by GWRC however a detailed analysis of the LIDAR
combined with a site visit located a number of small features on the floodplain which appear to have a
significant impact in controlling the floodplain flows, particularly for events of the size used for model
calibration. To accurately represent these features, the maximum levels have been extracted from the
LiDAR data and applied as a dike, rather than relying on the sampled value (based on the mesh size)
applied in the MIKE21 mesh.

The location of these features is presented in Figure 3-7.
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Figure 3-7 - Location of modelled dikes within the MIKE21 model
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The source for the crest level of each of the modelled dikes is summarised in Table 3-2

Dike Label
AB1
AB2
AB3

Gravel Rd
LBla

LB1b
LB2a
LB2b
LB3
LB4
RB1
Wood Street
RB2
RB2b
RB3
RB3b
RB4
RB5
RB6
RB7

One of the advantages of the flexible mesh model is that variable resolution can be applied over the

Table 3-2 - Source data for modelled dikes

Source
LiDAR
Survey
LiDAR
LiDAR

Survey (NB the length between LB1a and LB1b has
been defined by external links based on survey in the
couple file rather than as a dike)

Survey
Survey
LiDAR
Survey
Survey
LiDAR
Survey
Survey
LiDAR
Survey
LiDAR
Survey and LiDAR
Survey
Survey

Survey

floodplain. The previous version of the model had a grid size of 10m x 10m which is equivalent to an area
of 100 m2. The flexible mesh uses triangles rather than squares and has adopted average areas between
4m? and 25m? for the mesh resolution. The adopted mesh resolutions are presented below in Figure 3-8.
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Legend
Mesh Area (m2)

Figure 3-8 - Summary of variable mesh resolution
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To assist with the visualisation of the improvements in the underlying resolution of the 2D model, the
resolution of the underlying topography for the 10m rectangular grid model is compared with the flexi
mesh terrain model at the location of the Apple Barrel floodway in Figure 3-9 and Figure 3-10 below.

Figure 3-9 - 10m grid resolution at Apple Figure 3-10 - Flexible mesh resolution at Apple
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Barrel Floodway Barrel Floodway

MISCELLANEOUS PARAMETERS

The following specific parameters have been adopted within MIKE 21.

Solution Technique & Space Discretisation: Higher Order
Min Time step: 0.1

Max time: 0.5

Critical CFL number: 0.8

Drying Depth: 0.005m

Flooding Depth: 0.02m

Wetting Depth: 0.03m

Eddy Viscosity: A constant eddy viscosity of 1

MIKE FLOOD LINKS

The MIKE11 model has been carefully linked to the MIKE21 model using lateral links. The locations of the
Lateral Links are presented in Figure 3-11 below. The lateral links indicate the division between the
MIKE11 and the MIKE21 model.

Standard links have also been used to link the Floodplain Culverts.

The source data for the link elevations has been taken as the MIKE21 elevation for the majority of the links,
except for the length of the true left bank of the Waiohine River which is on the crest of the stopbank.
These link elevations have been defined based on the surveyed crest levels using an external link definition

file.
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Legend
Waiohine Lateral Links
Mangatarere Lateral Links
Ruamahanga Lateral Links

~——— Beef Creek & Tributaries Lateral Links

Figure 3-11 - Location of lateral links (dynamically linking the MIKE11 (river model) and MIKE21 (floodplain model)
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Three separate events were selected for model calibration / validation. These events being January 17,
1990, September 6, 1998 and 12 February 2004

Due to the changes in river channel and berm vegetation over time, separate models representing the
specific characteristics of the river have been set up for each calibration / verification run with the cross
sections being taken from the most recently surveyed river channel and the berm / floodplain resistance
values being based on the most relevant aerial photography.

5.1 FLOOD EVENT OF 17TH OF JANUARY 1990

This event has been selected as the primary calibration event, due to the detailed flood records on file as
well as the magnitude if the event.

FLOOD RECORDS

This event occurred on the 17t of January 1990 and had a recorded flood magnitude of 1408 m3/s. This
has an estimated return period in the order of a 1 in 20-year event (Keenan & Gordon, 2009).

NIWA holds a detailed flood summary for large events and records the following for this event.

(

e A Civil Defence Emergency was declared at 6:12pm on the 18th to 9:30pm on the 17th by the South
Wairarapa District Council.

e Persistent heavy rain resulted in a rapid rise of the Waiohine River of one metre in 12 hours.

e Waiohine River burst its banks and a wall of water from the overflowing river quickly engulfed an area
north of Greytown.

e State Highway 2 was closed.

e Some families were evacuated.

e Farmers and orchardists had to clear silt from properties once the flood waters had receded.

e Some residents said it was the worst flood in over 34 years.

A handwritten note was also located in the Greater Wellington Regional Council files stating:

Frank R o b e r tomments as the Advisory Committee were that it was the biggest flood since 1948 - that
water overtopped the banks (stopbanks) all the way from Kuratawhiti St to Fullers Bend - that it was the
biggest amount of water that he had seen down North Street in 46years.

MODEL CALIBRATION

The model calibration has been refined based on extensive consultation with the Waiohine Advisory Group,
in particular the recollections of Bruce Slater (a local resident who has worked on the river for several

RIVER Page 23
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decades and has witnessed many floods), have been extremely helpful and valuable in refining the model
calibration.

The model calibration was refined through modifying the MIKE11 roughness values as well as refining the
mesh and MIKE21 model setup to ensure that key hydraulic features were represented.

Whilst the only full cross section survey was carried out in 1990, several sections were also surveyed in
1988, it was found during the calibration stage that the conveyance of cross section 26 in 1988 was
significantly more than in the 1990 cross section set. As the 1990 survey was carried out after the 1990
flood, it is likely that this cross section has built up on the receding limb of the flood as the velocities slowed
and more sediment drops out of suspension. To obtain a better calibration, the cross section from 1988
was used in the 1990 calibration at cross section 26.

Cross-section 26

70

69.5
-25

735
| |
|
73 ]
|
|
725 1 I
| 1988
1
z 7 i 1990
— |
E 215 | - = = 1-Marker
=
© |
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- 71 |
|
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70.5 1
|
|
|
|
1
0

25 50 75 100 125 150 175 200 225 250 275 300 325 350
Offset (m)

Figure 5-1 - Comparison of 1988 and 1990 cross sections at cross section 26

GWRC maintain a record of debris measurements which have been recorded immediately after a flood
event. These debris levels are extremely useful for model calibration and verification and have been
utilised in this study. The measurement of debris levels is a difficult task and it is always somewhat
subjective to determine exactly where the water level is likely to have reached. Debris levels should always
be treated with a degree of uncertainty.

COMPARISON WITH RECORDED DEBRIS LEVELS

35 debris measurements were recorded on file, however the precise location (%, y coordinates) of the
debris marks was not noted, only the corresponding cross section location. After speaking with Des
Peterson (GWRC, Masterton office) who collected the debris levels on the day, an educated guess was made
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at the most likely location for these measurements. The chosen location for the debris levels is presented
in Figure 5-2 along with a depth of the peak flood depths for the calibration event.
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A comparison between the model results and the recorded results is presented in tabular format in Table
3-1 below and a longsection plot of the results overlaid with the reported results from the previous model
is presented in Figure 5-3 on the following page.

Table 5-1 - Comparison of debris recordings with peak model results

Cross-section MIKE 11 Recorded flood Model Difference
Chainage level (m) Result (m) (m)
35 17431 87.52 87.52 0.00
34 17628 85.72 85.93 0.21
31 18674 81.53 81.65 0.12
29 19410 78.35 78.31 -0.04
27 20313 74.59 74.44 -0.15
25 21118 71.39 71.08 -0.31
23 22066 67.79 67.63 -0.16
19 23405 63.98 63.79 -0.20
17 24251 61.60 61.86 0.26
16 24801 60.04 59.88 -0.16
15 25249 58.78 58.74 -0.04
14 25662 58.29 57.81 -0.48
12 26416 56.52 56.43 -0.09
11 26673 55.89 56.00 0.10
10 27069 55.05 55.09 0.04
9 27578 53.71 53.77 0.06
8 27819 53.14 53.23 0.09
7 28119 52.56 52.71 0.15
5 28613 51.45 51.42 -0.03
4 28885 51.11 51.35 0.24
3 29186 50.40 50.63 0.23
2 29528 49.86 49.88 0.02
1 30077 49.01 49.14 0.13
Average Error -0.0m
Absolute Average Error 0.14m
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Figure 5-3 - Longsection of Waiohine River calibration results compared with previously reported
calibration results

It was identifiedt hat a series of aerial epelowfiltebogvevarpvdrs of t he
previously mislabelled as being from 1980 rather that 1990. This was identified after noticing that photos
in the the book ‘Waiohine - A River and it’s People’ (Oxenham, 1993) contained photos which were labelled
as being from the 1990’s flood and were identical to the photos labelled as 1980 in the GWRC database.
These photos were confirmed with local residents to be from the 1990 event due to the presence of certain
landmarks etc. As these photos had been misfiled, they were not available to previous modellers and had
not used in the previous modelling studies for calibration purposes. These photos are extremely valuable
and have been used to assist with verification of the flood spread. 3D visualisations of the modelled flood
spread have been created in approximately the same location as the aerial imagery to assist with a
comparison. The following figures present a comparison of a number of aerial photos with the model
results for the January 1990 event. It should be highlighted that the time of each photo is not known and
therefore it is impossible to know if they are taken at the time of the flood peak or not. The model results
are showing the maximum recorded flood extent rather than the levels at the peak.
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Figure 5-4 - Modelled flood spread downstream of SH6 Bridge

¥ “’&‘s’?»‘\_ > -
e
Figure 5-6 - Modelled flood spread at Fullers Bend Figure 5-7 - Aerial photo at Fullers Bend
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Figure 5-9 - Aerial image at Apple Barrel Floodway

Figure 5-10 - Modelled flood spread downstream of Fullers Bend Figure 5-11 - Aerial image downstream of Fullers Bend
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5.2 MODEL CALIBRATION - 6 SEPTEMBER 1998

This event occurred on the 6t of September 1998 and had a recorded peak flow of 1104 m3/s. The latest
flood frequency analysis gives this event a return period of between a 5 and a 10-year event. (Keenan &
Gordon, 2009)

The Greater Wellington Regional Council hydrological report for this event states:

“The Waiohine river overflowed the riverbank at the top end of Kuratawhiti street in Greytown and put water
into the head of the Applebarrel floodway. The river also overflowed further downstream which resulted in
some minor flooding around the orchard area north of Greytown and a number of the fruit stalls near the
Applebarrel. This water overflowed and crossed the road upstream of the Applebarrel but the water in the
floodway itself was confined to the culvert. Traffic on the SH2 was slowed but the highway did not need to be
closed.” (Gordon, 1998)

COMPARISON WITH DEBRIS LEVELS

57 debris measurements were recorded on file for both the left and right banks of the Waiohine River,
however the precise location of the recording was not noted, only the corresponding cross section location.
After speaking with Des Peterson (GWRC, Masterton office) who collected the debris levels on the day, an
educated guess was made at the most likely location for these measurements. The chosen location for the
debris levels is presented in Figure 5-12 along with a depth of the peak flood depths for the calibration
event. As was the case with the 1990 calibration the calibration could have been improved by simply
moving the location of estimated debris mark, however it was decided to leave them unchanged for the
sake of transparency.
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COMPARISON OF MODEL RESULTS WITH RECORDED DEBRIS LEVELS

Left Bank Calibration Results
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Figure 5-13 - Longsection of Waiohine River calibration results compared with previously reported
calibration results for the true left bank
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Figure 5-14 - Longsection of Waiohine River calibration results compared with previously reported

calibration results for the true right bank

Results show an overall average error of 0.07m and an absolute average error of 0.16m. The results are

summarised in Table 5-2
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Table 5-2 - Comparison of debris recordings with peak model results for the 6 September 1998

event
Cross- Bank Recorded Model Difference
section flood level Result
38 LB 90.05 90.39 0.34
37 LB 89.86 90.12 0.26
36 LB 88.78 88.83 0.05
35 LB 87.36 87.79 0.43
33 LB 84.94 84.87 -0.07
30 LB 80.35 80.26 -0.09
29 LB 77.85 78.27 0.42
27 LB 74.28 74.33 0.05
25 LB 70.68 71.05 0.37
24 LB 68.92 69.00 0.08
23 LB 67.40 67.61 0.21
22 LB 66.48 66.62 0.13
21 LB 65.46 65.52 0.06
20 LB 64.56 64.81 0.25
17 LB 61.88 61.99 0.11
11 LB 55.99 55.95 -0.04
10 LB 54.92 54.86 -0.06
9 LB 53.62 53.91 0.29
8 LB 53.36 53.47 0.11
7 LB 51.75 51.87 0.12
6 LB 51.65 51.80 0.15
5 LB 51.46 51.42 -0.04
4 LB 51.26 51.27 0.01
3 LB 50.70 50.57 -0.13
38 RB 90.57 90.52 -0.05
37 RB 90.16 90.19 0.03
36 RB 89.41 89.35 -0.06
35 RB 87.73 87.70 -0.03
34 RB 85.62 85.72 0.10
33 RB 85.38 84.99 -0.39
32 RB 82.99 83.06 0.07
31 RB 80.85 81.44 0.59
30 RB 79.36 79.27 -0.09
29 RB 78.06 78.12 0.06
28 RB 76.10 76.23 0.13
27 RB 74.34 74.33 -0.01
26 RB 72.07 72.38 0.31
25 RB 71.33 71.17 -0.16
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5.3 FLOOD EVENT OF 12T FEBRUARY 2004

69.00
66.76
65.52
64.81
62.91
62.65
61.86
59.67
58.35
57.04
56.21
55.41
54.56
53.78
53.53
52.56
50.58
50.12
49.08

0.06
-0.17
-0.11
-0.06
0.07
0.33
0.47
-0.30
-0.21
-0.23
0.03
0.03
-0.05
0.09
0.15
0.03
0.59
-0.08
-0.02

0.07 m
0.16 m

This event occurred on the 12t of February 2004 and had a recorded peak flow of 1327 m3/s which has an
estimated return period of slightly less than a 1 in 20 year return period event. Whilst the peak was close
to a 20 year event, analysis of the hydrograph shape shows that there was less volume in this event with

the river rising and falling very rapidly.

Due to significant flooding in other parts of the region, little is recorded on the official file regarding this
flood event. Bruce Slater (local resident, contractor on the river and member of the Waiohine Advisory
Group) has recalled that flooding was less than previous floods of this magnitude with only a small amount

of flow going down the apple barrel floodway for 2 or 3 hours.
No debris measurements or flood photos are kept on file for this event.

The modelled flood spread for this event is presented in Figure 5-15 on the following page.
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COMMENTS ON CALIBRATION / VALIDATION RESULTS

Extensive work has gone into getting a reasonable calibration based on site visits and extensive
conversations with local residents. Calibration has been difficult with the model proving to be very
sensitive to what are apparently minor floodplain features. The location of the lateral links was very
sensitive in some areas also - generally the closer the links were placed to the river channel, the better the
model seemed to replicate what was reported in the calibration events, however this was not always the
case. A significant number of model iterations have been carried out.

The model has also proven sensitive to the cross section bed levels which appear to fluctuate to some
degree in certain locations, particularly after flood events.

The final calibration for the 1990 event shows slightly more flooding in the upper reaches immediately
downstream from the railway bridge than earlier versions of this model. This is due to the surveyed crest
level of the wood street bank being slightly lower than originally estimated. The model shows that levels

are very sensitive in this area in smaller events. It may be possible to slightly refine the model further in

this location, however in larger events the model has shown to have little sensitivity to the levels of this

bank. Minor differences in bed level in the river can also have much more significant impacts on water

levels in this location than the precise height of this bank and itcannotbe guar anteed t hat
slumped slightly overtime in this location compared to the 1990 levels.

It is essential to remember that any hydraulic model can never perfectly represent a real world system and
will always have some degree of error.

In general this model seems to better replicate the existing hazard than previous versions of the model
based on the available information made available to us and discussions with the local community.
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The base model used for the design runs is based on the current network configuration using the
2013/2017 cross section survey information. No allowance for blockage of structures has been made in
the base runs. A range of flow scenarios have been simulated through the base model. Flow hydrographs
were supplied by GWRC and are based on the hydrological model set up by Hydro Tasmania (Hydro
Tasmania Consulting, 2009).

Two different temporal patterns were simulated for each of the return period events. The temporal
patterns (TP) have been taken from the hydrology report (Hydro Tasmania Consulting, 2009) and are
supposed to be the most likely shapes to occur based on a montecarlo analysis of previous floods. The
shapes of the hydrographs were identical for the 20 and 50 year events however differ for the 100 year
events.

It was found that for all of the events that the TP2 hydrohraph shape gave the greatest flood extent in the
vicinity of greytown, however the TP1 hydrograph gave slightly more flooding closer to the confluence
with the Ruamahanga River. In general the TP2 hydrograph has been used for design runs and sensitivity
testing.

The modelled scenarios are summarised in Table 6-1 and the hydrograph shapes are presented in Figure
6-1 to Figure 6-3. Flood depth maps for these scenarios are presented separately in Appendix B of this
report.

Table 6-1 - Summary of modelled flow scenarios

Scenario Name Peak Flow, Waiohine Notes
River (m3/s)

20 year current climate TP1 Single peak hydrograph
20 year current climate TP2 Double peak hydrograph
20 year current climate TP2 + 10% Double peak hydrograph
20 year current climate TP2 + 16% Double peak hydrograph
50 year current climate TP1 1591 Single peak hydrograph
50 year current climate TP2 1591 Double peak hydrograph
50 year current climate TP2 + 10% Double peak hydrograph
50 year current climate TP2 + 16% 1885 Double peak hydrograph
100 year current climate TP1 1700 Double peak hydrograph
100 year current climate TP2 1700 Single peak hydrograph
100 year current climate TP2 + 1882 Single peak hydrograph
10%

100 year current climate TP2 + 1993 Single peak hydrograph
16%
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Figure 6-1 - 20 year hydrographs
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Figure 6-2 - 50 year hydrographs
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Figure 6-3 - 100 year hydrographs

At the time of publishing this report, internal discussions were still being carried out in regards to the
most appropriate method for estimating and displaying model freeboard. It was therefore agreed with
the Waiohine Advisory Group and GWRC that an interim flood map would be produced which would be
published based on the results of the model as it stands and would use the same methods for defining
model freeboard as previously adopted in the 2011 modelling. The main reason for publishing these
interim maps was due to the significant reduction in flood extent shown in the new model and it was not
considered likely that further additions to the model would be likely to significantly increase the final
flood extent.

The interim flood extent has been based on the 100 year flood extent including the effects of climate
change to 2100 and the TP2 hydrograph. The previous modelling report states the following regarding
model freeboard:

“The approach used here to apply [ rteextbaotpeakdivetand p r e
floodplain levels from the model simulation (in t
then to run a simulation with a starting condition of

e zero flow,
e river/channel levels set at the peak plus 600 mm freeboard (300 mm for Beef Creek and
Kaipaitangata), and
e water levels on the floodpl ai (@M allace,2011gt ¢t he peak

The interim 100 year flood map has been is presented in Figure 6-4. More work is currently being carried
out on the model in order to assess the model sensitivity to a wide range of factors with the final model
freeboard being defined as a flood sensitive area based on these model sensitivities. This final flood map
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will be published in a separate report. It should also be highlighted that the interim flood maps were
produced before the extra channel and stopbank crest survey data was received in late 2017 and are

therefore based on a slightly earlier version of the model. Sensitivity tests have shown only minor
differences between the flood extents however.
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This modelling exercise initially began as a simple model upgrade however eventually evolved into a
much larger project becoming almost a complete model rebuild. Significantly more time was spent on
refining the terrain model and model calibration than was originally intended, however after spending
several days on site and having extensive discussions with the local population, it soon became evident
that this was necessary in order to have a robust model which would be able to be trusted. As a result of
this modelling exercise the model is now considered to be more robust and has a degree of buy-in from
the local community

7.1 COMPARISON WITH PREVIOUS MODEL RESULTS

The final results show significantly less flooding than the previous version of the model. This was
surprising at first, however the results more closely align with the expectations of the local population
based on historic flood patterns.

A comparison between the previous flood extent and the interim flood map is presented on the following
page in Figure 7-1.

Reasons for the difference in the two flood extents include;

e Increased resolution in the terrain with resolution being increased from a uniform 100m?2 to a
maximum resolution of 25m?2 with some areas such as the berms having a mesh resolution as
low as 4m2.

¢ Inclusion of dikes within the MIKE21FM model in order to insure that stopbank crests are
accurately represented along with some smaller more informal banks which appear to have a
significant impact on the flood extent in smaller more frequent events.

e Further work on refining the model calibration. The availability of aerial imagery from the
1990 flood event which were not available to previous modellers as they had been mislabelled.
Local knowledge from members of the Waiohine Advisory Group in particular Bruce Slater
was invaluable for this exercise.

e Manning’s ‘n’ values in the river have not been increased by 20% from the calibration runs in
the base scenario as was previously the case.
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7.2 GENERAL OBSERVATIONS / COMMENTS

Despite the significant work put into achieving a reasonable calibration with historic flood events, there
will always be a degree of uncertainty in future flood behaviour, particularly in relatively steep, gravel
river systems such as the Waiohine. This is due to the mobile nature of the bed and constantly changing
features within the river and floodplain. It was found during the model calibration exercise that this
model appears to be particularly sensitive to changes in bed level. It should be highlighted that the bed
levels in the river are currently at their lowest recorded levels due to an apparent reduction in gravel
supply into the system. It is possible that increased storm activity or geological activity may increase the
rates of gravel supply in the future. This will likely increase the flood risk and warrants further
investigation by expert geomorphologists. Itis recommended that likely future bed level scenarios are
investigated before any flood maps are finalised.

7.3 MODEL FREEBOARD / FLOOD SENSITIVITY

The interim flood maps published in this report have adopted the freeboard method which was used in
the most recent modelling exercise. This method was adopted due to the fact that it had already been
approved previously by the council and allowed for rapid publication of interim flood hazard maps to be
used by the local council for recommending building levels etc. In the long term however it is
recommended that a more systematic approach is taken to model known uncertainty whereby the model
itself is used to assess flood sensitivity with a range of different parameters such as:

e Bed roughness

e Blocakge scenarios

e Changes in hydrology

e Future changes in bed level

e Potential breach scenarios / bank erosion

An allowance for factors which can not be easily represented within the model will also need to be made.

7.4 MODEL PEER REVIEW

An preliminary version of this model has been peer reviewed by BECA and has been found to be fit for
purpose. The model was further updated by incorporating extra survey information into the model after
the peer review, however essentially has not changed in substance. A copy of the peer review document
in included in Appendix C of this report.
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APPENDIX C - INITIAL MODEL PEER REVIEW
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