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At the request of Gisborne District Cour(@®15/ 0 X 1 F 61SQa .l & wS3IA2ylt [ 2dzy
condition and risk assessment of the Waipaoa Rfteod Control Scheme (WRFC$he investigation was
startedin 2012,(HBRC, 2012and dter a periodof investigationand reporting GDC decided to pursue an
upgrade to thestopbanks of thescheme, based on an assumption that the current scheme wasraesig
convey an event of similar magnitude as Cyclone ®@la300 mm freeboardwhere the discharge in Bola
was calculated by IM/A(2011) to have a magnitude of 5300/ Prior to this 2011 discharge estimatiee

then computer models of the river sigm were calibrated to the observed water levels in Cyclone Bola using
a discharge of 4100 #s. In order to match the observed Bola water levels ushegnewly calculated
discharge of 530@n%/s, significant changes to the existing computer model weredeal. The decision at

the time was tantroducea bed scour of 2 o the cross sections of the existidgdimensional river model

in order to accommodate the additional flow. Tresultsfrom this newly developed bed scour modetre

used to provide amndication of stopbank upgrade heightsr a design case usingdéschargeof 6625 ni/s,
which wadased ora 25% increase in dischar(ie. 5300 x 1.25 = 6625). The increased discharge accounted
for climate change factonshichused anincreased rainfall intensitip account for climate changap to the

year 2090.

During the process afnalysis andefinement of the calibratiormodel, it became clear that inconsistencies

in the model results were present if strict adherence to #stimae of 5300 n#/s discharge valutor Cyclone
Bola,and 2m bed scour wafllowed. The difficulty in finalising such figures is present in many river systems
around the world, as there is very little data collected to verify bed scour, and discharge rejubsavily

on velocity measurements which are taken as averages across the river and in the depth of the flow, giving
ample room for variations.

In the 2011 NNVAreport, the discharge estimate for Cyclone Baias presented with aariation between
4500m?%/s and 6100 ris. A coupled idimensional/2dimensional river/floodplain model was created and
calibrated to Cyclone Bola using tlmver end of thedischargeestimate (4500 rfis) with no bed scour
(HBRC, 2017). This model was then updated to inctudss sections surveyed in 2017, and a design
discharge with a peak of 4500%® x 1.25 = 5625 fs was input to the model to represent the 1g@ar
(£20%) return periodlischarge (assumed to be 4500/8) plus a 25% increase for climate change to year
2090. The results of this model run are presented in this report, as the basis for determining the proposed
stopbank heights for the scheme upgrad&his current report also presents an analysis of the effects of
raising the stopbanken areas within the cheme, as well as the area just upstream of the scheme. The
O2YLI NR&2Yy A& YIRS 0Sis S @nstatiskgd)wid invokds avgribwspaeytheh ( A 2
existing stopbank, versus the proposed case, where the stopbanks are high enqgughenot any overflows

using the design discharge.

The finaproposedstopbank heights determined from theirrent analysigre presented inTable2 and Table
3 of this report.

While this report has been prepared to present the result of the modelling and the proposed stopbank
heights, other reports prepared by GDC will encompasees relating to the scope of the consent
application, and any changes from previous application.
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2.1 Objectives

The objective of this analysis and reporting iptovide details and output from theydrodynamic model of

the Wapaoa Rver from Te Karaka to the sea. The model has been run using a design hydrograph with a peak
discharge of 5625 #fs, and the output will be used to determine the proposed heights for the stopbank
upgrade. In order to determine the potential effectsom the proposed upgrade, the model was run with

the design discharge using the existing conditions (i.e. stopbank heights as they exig)jmga01he results

from that run were then compared to the model run with the design discharge using the gedpgpgrade
conditions (i.e. stopbank heights at proposed levels).

2.2 Study area

The Waipaoa Catchment covers approximately 2130adtrthe river mouth, with approximately 1576 Km
of the catchment at Te KarakRigurel).

9
17 August 2018 1.16 PM



Final Version

Figurel: Waipaoa Catchment

Several of the catchments in the lower reaches enter the river system via floodgated culverts, which results
in thesesmall catchments being blocked and not discharging any water to the river during high river flows.
In terms of total discharge, these small catchments do not add any significant amount to the system, and can
be ignored when studying peak flow conditionslowever, hree areas provide significant inflow to the
system due to the catchment area they cover. These are the Mangaoio (and Ngakaroa) catchments (total
area = 105 k), Whakaahu catchment (area = 110%mand Te Arai catchment (area = 194°%km

Themodel study area covers the Waipaoa River from Kanak&@ralge at Te Karaka to the outlet at Poverty
Bay Figure2), with the catchment input locations shown by thieie arrows.

Waipaoa River Flood Control Scheme 10
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Reaches|l

Mangaoai and
Ngakaroa
(combined to one
input location)

Figure2: Study extent (model extent bounded by light blue shading)

2.2.1 Level Datum

All data used in this studyses theEast Cape Catchment BoaEOCBdatum. If any conversion was

needed from Gisborne Vertical Datum 1926 (GVD26), the value of 0.05 m was subtracted from the GVD26
value to obtain the ECCB value.

2.3 Previous studies

There haebeen several studie®lating tostopbank upgrades on the WaipaBaver over the past 20 years,
with the most recent study being undertaken by HBRC from 2112l (2012 Waipaoa River Flood Control
Scheme Asset Condition and Risk Assessar@hf014ANaipaoa River Flood Cont®theme Asset Condition
and Risk Assessment Update May 2DIfhe 2014 Report was attached to the Application as Appendix 4.
These reports provide background to the studies prior to 2012. The r2@b2t began with this brief:

11
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The brief required identdfation of critical assets, condition assessment and risk assessment to
highlight what is being protected through identification of at risk areas and the value of assets at
risk. In order to d¢his, it is necessary to examine the measures being usedteqgirthe assets and
assess the consequences of failure.

A critical part of managing the flood protection assets associated with the Waipaoa River Flood
Control Scheme is to assess their condition (integrity) and to align this assessment with the risk to
the community associated with the asset. For the purposes of this report it was necessary to review
the more recent reports so that an understanding could be gained of the issues and various
proposals that have arisen in the past. This report outlinegtrestigation and methodology

adopted to carry out an assessment of a representative reach of the river and the extension of the
methodology to the rest of the scheme. It concludes with a discussion of the findings and makes
recommendations on how to preed from here

After a periodof investigation, the 2014 update began as such:

This report outlines the investigation work carried out since the Nov. 2012 report and discusses the
condition and risk in more detail based on the knowledge and understagdingd since then. In
addition to the current risks and design levels of service, thought has been given to the scheme
requirements to the year 204@nd beyond resulting from climate change, development and land

use pressures. It concludes with recommeiatia on how to proceed with improvements to the
efficiency and robustness of the scheme, within the original brief, concentrating on the next ten year
planning period but considering a timeframe out to 2040.

*Note, Council has elected to provide folimate change factors to the year 2098hich forms the basis of
the Application

The 2014 HBRC report discusses many significant issues with the scheme, with the recommendations as
follows:

There is much to be confident about with the scheme; the inveistigahave indicated that the
stopbanks are in good shape in terms of their stability and the foundations are sound except for
potential settlement and deflection under seismic conditions in the lower reach.

The river berms are for the most part stablegrovide good support for the stopbanks. Areas have
been identified where berms are too narrow posing a higher risk, or otherwise have reduced factors
of safety for stability and need some attention. None of these areas are in urgent need of attention.
This is in addition to the left bank at the lower reach for which a separate report with
recommendations has already been completed by HBRC for GDC.

In terms of sedimentation of the bed or berms this is variable along the scheme and can be managed
to 2040 and beyond through good freeboard design.

Super design events where the flood flow exceeds the design standard can reasonably be expected to
follow similar flooding patterns to Cyclone Bola. A word of warning here though, Cyclone Bola should
notberegard® a GKS adFNBSG Fft22R 2F GKS TFdzidz2NBé o t f
for larger extreme events such as 662%sec+ 15% discussed earlier associated with climate

change.

Waipaoa River Flood Control Scheme 12
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Finally, the single most important item to maintain the leveles¥iee and improve the efficiency and
robustness of the scheme now and extending out to 2040 revolves around the question of freeboard
and ultimately stopbank levels and top width. Recent modelling work for the design flow based on the
NIWA assessment shewstopbank freeboard and hence levels to vary wildly and be significantly
inadequate in many places.

It is recommended that a design standard 4 m top width is adopted with a freeboard not less than
600 mm and up to 900 mm in difficult areas. In sleetion that follows a programme of work has

been outlined with rough order costs25%) and prioritised to allow these improvements to proceed
and reach the target by 2025. Note that this is provided for guidance and discussion purposes only at
this stage in order to help Council and scheme ratepayers with decisions on the future of the scheme.

Results from investigation outlined in the 2014 reponvere to provide guidanceéo help Council and
ratepayers decide on the future of the scheme, awdvide peliminary modelling work for that purpose.
Duringthe consentingprocessand as the modelling work developed furthérbecame apparenthat the
assumptions made using the Bola calibration discharge of 53@0aiong with 2 m bed scour resulted in a
model which at the time was able to provide preliminary results, ke modelling results werenot
consistent enougho be used in detailed modelling suitable fogaring purposes.

A significant advancement in modelling techniqgue became more readillableabetween 2014 and 2018,
whereby a combined 1D/2D model tfe river (1D) and floodplain (20yas able to becreated. HBRC
undertook an upgradesing the technigueand the calibrated model is used in the current analysis

A significant aspect dfhe model used in this analysistisat the calibrationdischargegor Cyclone Bola using
5300 n#/s could not be achieved unless significant bed scour was used in the modalteoratively,
unrealistically smooth bed roughnessededto be used. GDC and HBRé€Xided to investigate calibrating
the model to the lower estimate of Bola (4500/8), which was completed successfully in June 2018.

2.4 Model build summary

The model was created using the DHI Water & Environment (DHI) hydrodynamic software, MikeFlood
version 2017, service pack 1The software allows comprehensive interaction between a river system
represented by a -tlimensional schematisation of the main river channel, along with-diniznsional
representation of the flood plain or river berms.

The approach taken in this study wasuse the model constructed in the calibration phase of this project,
and adjust the cross sections to use the data collected in 201710pertionof the model was constructed
usingMike11-HD, using cross sectiorssirvey in 201/7along with interpolated cross sections at 20 m intervals.
The 2D portion of the model was created using Miké1l using LIiDAR data collected by GDC in 2005,
discretised to a 10m x 10m gridhs recommended by DHI, (personal communicatuith Greg Whyte Nov.

2017), an acceptable configuration for the MikeFlood lateral link interface is for the interpolated cross section
spacing, (in this case 20 m), to be double the grid cell size, (in this case 10 m).

During the calibration phaséhe model was usedo simulatethe flow duringCyclone Boléusing the cross
sections from 1989, surveyed just after Bolajhe peak water levels from the model results were then
compared to the observed levels measured after Cyclone Bola, while using the esgglaiues of the main
channeland bermsas parametesto be adjusted to achieve a satisfactory calibration. Overall, the calibration
was considered to be within an acceptable range (nominaB9G-mm).

13
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The model was then updated with the present day 12D cross sections, and the design discharge
hydrograph was applied to the model, along with the roughness values used in the calibration process.

A model which represents the proposstbpbankupgrade was created using conditions which prevented
anyoverf 2 ¢ TFTNRY (KS adz2Llly]l] aeaasSvyo tKAA A& O2YY2Y
allows the water level to rezh as high a level as necessary above the existing stopbank height. The modelled
levels using the glass wall approach are theedito determine the proposed stopbank height, and a suitable
freeboard is added to obtain the final stopbank height.

Waipaoa River Flood Control Scheme 14
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3.1 Model Concept

The approach taken in this study was to construct the 1D portion in MikiElising cross séans surveyed

in 2017 along with interpolated cross sections at 20 m intervals. The 2D portion of the model was created
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using Mike21HD using LIDAR data collected by GDC in 2005, discretised to a 10nvecfildmeargrid, or
digital elevation model (EM) Elevations of stopbanks fro2017were incorporated into the DEM where

appropriate. These models were then linked at the river berm edges, which allows full exchange of water

from the channel to berms, and from the berms back to the chanretypical cross section is shown in
Figure3.

Water Level
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Figure3: Typicakross sectiorshowing areas of 1D and 2D representation.

The typical representation in plan view is showirigure4.
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1-Dimensional
representation

Berm areas usd
2-Dimensional
representation

Surveyed river
Cross section

Figure4: Typicalplanview showing areas of 1D and 2@presentations.

The 1D and 2D portions of the model were theimedusing lateral links to connect the 1D cross sections (at
20 m intervals) to the 2D grid (at 10 m cell size), as showigimeb.

Waipaoa River Flood Control Scheme 16
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Surveyed river
Cross section

20 m interval for
interpolated river
Cross sections

Lateral link
connections to
10m x 10m grid

Figure5: Typical 1D/2D interface showing conceptual connection lines

The cross section survey lines are located at specific intervals which are resurveyed in the samedbcation
approximately 6 yearlintervals

3.2 MIKE 11 model build

3.2.1 Network

The network portion ofhe Mikel1l modelconsists ofl main river channePR input channels representing the
Whakaahu and Te Arai Streams, and two false channels acting as sinks to prevent overflow water from
accumulating orthe side boundaies as shown irFigure6. The combined input of Mangaoai and Ngakaroa
catchments is input at a river cross sectairthe Mangaoai/Waipaoa confluence.
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Figure6: Mikell model network

2030000 2035000

Additional plans showing details of the network are included in Appehdix

3.2.2 Crosssections

Cross sections have generally been surveyed every 6 ge#lie same locationsThe most recent survey
was done in 201,7and these have been used in tthesignmodel runs. Appendik contains the cross section
plots. The plots show the post Bola survey as well as the most recent survey (2017) for comparison.
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In general, the cross sections have shown a reduction in cross sectional area due to siltation amgslumpi
resulting in reduced conveyance. A model run comparison shows approximately §B00rmm increase

in peak water level for the design flood sintte previous cross section survey in 2009, with the higher
increases in the lower reaches.

3.2.3 Structures

There are 3 bridges on the Waipaoa River within the model study area. These are the Kaitaratahi Bridge at
XS 26the Matawhero Bridgdetween XS M60 andS 8.25, and the Railway Bridgetween XS 0.7%nd

XS1.5. Detailed modelling of the potential influence of the bridges on the peak water level has not been
completed as part of this phase of the stopbank desigurther investigation by the applicant in association

with the bridge structures owners will be neatlat the detailed design phase of reaches upstream of each

of the structures as part of the Waipaoa FCS upgrade project.

Figure7: Kaitaratahi Bridge at XS 26
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Figure8: Matawhero Bridgebetween XS M6 andXS8.25

Figure9: Railway Bridgdetween XS0.75and XS 1.5
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