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1 INTRODUCTION 
1. My full name is Mark Stuart Pennington. 

1.1 Qualifications and experience 

2. I hold the degrees of Bachelor of Science in Engineering (Civil) and Master of Science in 
Engineering (Hydraulics) from the University of Natal, Durban, South Africa.  I am a 
Chartered Member of Engineering New Zealand (CMEngNZ) and am registered as a 
Chartered Professional Engineer (CPEng) under the Chartered Professional Engineers of 
New Zealand Act 2002. I am on the New Zealand register of International Professional 
Engineers (IntPE(NZ)).  

3. I am a Senior Water Resources Engineer and Technical Director with Tonkin & Taylor Ltd, 
and have worked in this capacity for the past eight years.   

4. I have 25 years of experience in conducting hydrological and hydraulic analyses and 
investigations in New Zealand, Australia, Southern Africa, the United Kingdom and in 
countries in the Pacific Region.  

5. Recent career highlights in these fields include technical lead in a team involved in 
development of a flood risk reduction plan for the city of Honiara (Solomon Islands), flood 
scheme reviews for Waikato Regional Council (Lower Waikato-Waipa Flood Control 
Scheme and Piako/Waihou Flood Schemes) and hydraulic assessment for the Opotiki 
Harbour navigational improvements, making use of 2-dimensional (2D) hydrodynamic and 
morphological models. 

6. I am a past chair of the Rivers Group, a body set up under Engineering New Zealand 
(ENZ) and Water New Zealand. I am a CPEng Practice Area Assessor for ENZ, and 
currently hold the role of Treasurer of the Bay of Plenty Branch of ENZ. I have also had 
committee roles in the Modelling Specialist Interest Group of Water New Zealand.  

1.2 Code of Conduct 

7. I confirm that I have read the Code of Conduct for expert witnesses contained in the 
Environment Court Practice Note 2014.  This assessment has been prepared in 
compliance with that Code, as if it were evidence being given in Environment Court 
proceedings.  In particular, unless I state otherwise, this assessment is within my area of 
expertise, and I have not omitted to consider material facts known to me that might alter or 
detract from the opinions I express. 

1.3 Purpose and scope of assessment 

8. My assessment addresses the following matters: 

 Development of a 2D dynamic fixed-bed hydraulic model of the Hutt River from Taita 
Gorge to the Wellington Harbour coast. 

 Calibration of the above model. 

 Use of the model to simulate the hydraulic response (providing water levels, flows, 
velocities) for a range of different flood events, covering existing land use and the 
proposed land use which includes the RiverLink works. 

9. The purpose of this assessment is to consider the effects of the RiverLink project on: 

 Changes to flood levels for extreme and frequent flood events 
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 Changes to flood duration for the above events 

 Changes to velocities and scour potential 

 Changes to river management required as a result of the project; and 

 Changes to flow depths and velocities under low flow conditions to inform the 
Technical Assessment No. 6: Aquatic Ecology Assessment 

10. The assessment also includes assessment of the effects of new infrastructure on flows and 
channel definition, including river behaviour during floods, temporary effects during 
construction and long-term effects following construction.  The hydraulic modelling 
assessment accounts for effects on existing structures, and effects of sediment transport 
and the hydraulic impacts on existing river work / design (channel alignment, design bed 
levels, berms, rock edge protections, low flow channel and meanders).  

11. In particular, the flood assessment covers the following: 

 Peak flood levels attained during the design flood event of 2,800 m3/s, at locations 
upstream and downstream of the RiverLink project area, and within the RiverLink 
project area 

 River hydraulics, including velocity distribution, scour potential and flow duration under 
design event (2,800 m3/s) conditions 

 Assessment of the above under more frequent event conditions (20% AEP); and 

 Assessment of the above under future climate conditions. 

12. In this report I have included a large number of figures to aid with understanding. Within the 
report these are generally plotted side-by-side to enable comparisons to be made. In doing 
so, the figures may be difficult to read (too small), and for this reason all figures that are 
shown within the body of this report have been reproduced in larger size at the end of this 
report. 

13. The report concludes with an overall risk-based assessment of the flood risks arising from 
the RiverLink project elements which are located within a natural hazard environment to 
identify the level of risk and reach a conclusion on the acceptability of this risk, in 
accordance with the GNS guidelines for Risk-based Land Use Planning for Natural Hazard 
Risk Reduction. 

1.4 Assumptions and exclusions in this assessment 

14. In this statement of evidence, results aimed at identifying the hydraulic performance of Te 
Awa Kairangi / the Hutt River under flood conditions have been presented. Throughout this 
statement, two specific development states have been considered and compared, these 
being: 

 The “current” state, being represented as far as possible by the most up-to-date 
survey and channel configuration available at the time of the commencement of this 
assessment. This is referred to as the “existing” state in this report. 

 The “proposed” state, which represents the changes to the channel and river system 
made as part of the proposed RiverLink works. In this “proposed” development state, 
the channel configuration as described as “existing” is changed only within the 
boundaries of the proposed RiverLink works, and remains unchanged everywhere 
else. 

15. In comparison of the hydraulic performance of the “existing” and “proposed” development 
states, the predicted hydraulic effects of the proposed RiverLink works can be quantified. 
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16. Where flood depths have been attained through modelling, due to the accuracy (or lack of 
accuracy) in input data (mainly the DEM), modelled flood depths less than 100mm are 
generally ignored. In the figures in this report where depths are shown, it can be noted that 
depths of up to 100mm have not been plotted. Where flood levels or flood level differences 
have been plotted, this 100mm tolerance has not been applied to give a comparative flood 
level change. 

17. It is noted that the Hutt River channel is in a state of continuous evolution in response to 
bed-forming flows and other dynamics (such as vegetation growth, maintenance works). 
The analyses presented do not necessarily precisely represent present-day conditions, but 
rather represent a snapshot in time at which the most recent survey was undertaken. In my 
experience this is normal for these kinds of assessment. The comparative assessment 
required for assessment of effects is based on this.  

18. The 2D fixed bed hydraulic model has been developed explicitly for the above assessment, 
and may not be applicable to other uses. In particular, the model has been developed to 
show the effects of flood flows in the Hutt River and, where appropriate, spillages from the 
river channel onto surrounding areas. The model does not take account of stormwater 
effects outside of the river channel, even though the model has coverage over areas that 
are drained by stormwater networks. In this way the model can be perceived to be of a 
scenario where a flood flow enters the river channel at Taita Gorge, but no further inflows 
to the channel are accounted for. 

19. The following supporting information is attached to this report: 

 Appendix A: Riverlink 2D Fixed Bed Hydraulic Model – model build and calibration. 

 Appendix B: RiverLink: Hutt River Flood Hydrology Review and Update. 

 Appendix C: Flood risk assessment. 

2 EXECUTIVE SUMMARY 
2.1 Scope 

20. My evidence covers the development of a new 2D hydraulic model of the lower part of the 
Hutt River. I also discuss the calibration of this model, demonstrating its suitability for use 
in assessments relating to the proposed RiverLink works. 

21. This model was used to simulate a range of design flood scenarios, covering the existing 
river (without RiverLink) as well as the proposed (with RiverLink works) to enable 
comparisons in flood performance. My evidence details the changes in flood performance, 
anticipated to occur as a result of the proposed RiverLink works. 

22. A flood risk assessment, using an established methodology, was then undertaken to 
provide clarity around the flooding benefits of the proposed RiverLink works. This risk 
assessment was undertaken in general accordance with the GNS ‘Risk-based Land Use 
Planning for Natural Hazard Risk Reduction’ guidelines (2013). 

2.2 Existing Environment 

23. In its current state (without RiverLink works) the river is prone to spilling at several 
locations, causing inundation of many buildings within Hutt City. This situation led to 
development of the Hutt River Floodplain Management Plan (HRFMP) 2001. The proposed 
RiverLink works are seen as critical works in accordance with the HRFMP. 
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24. In a present-day (current climate) 50-year Average Recurrence Interval (ARI) flood event, 
modelling has indicated that up to 1,367 buildings in Lower Hutt may lose functionality as a 
result of the flood. This number increases to 4,030 buildings for a 100-year ARI flood. 

25. The proposed RiverLink works will greatly reduce these numbers. With the RiverLink works 
fully completed, the present-day 50-year ARI flood affected building count will reduce from 
1,367 to 82, and the 100-year ARI flood affected building count will reduce from 4,030 to 
108. 

26. The flood situation is expected to worsen substantially once the predicted effects of climate 
change occur. Design flood peaks are expected to be higher in the future than they are 
under present-day climate conditions. The criticality of the RiverLink works in provision of 
flood protection is easily seen when future climate conditions are considered. 

27. For the predicted 2130 climate, a 50-year ARI flood has been modelled to affect up to 
7,114 buildings and up to 8,652 buildings in a 100-year ARI flood. With the RiverLink works 
fully completed, these numbers reduce to 297 for a 50-year event and 917 for a 100-year 
event. 

2.3 Assessments undertaken 

28. The 2D model was used to conduct assessments of likely effects of the proposed RiverLink 
works on flood performance. As the proposed RiverLink works involve increasing the flood-
carrying capacity of the Hutt River through the RiverLink site, the flood analyses show a 
reduction in peak flood levels within and immediately adjacent to the site, with the latter 
due to channel improvements.  

29. The model was also used to assess the potential changes in flow depth and velocity under 
low flow conditions that may result from the proposed RiverLink works. This was done to 
inform an ecological effects assessment. 

30. A flood risk assessment has been undertaken, which evaluates the combination of flood 
likelihood with flood consequences. This has revealed that under existing conditions, flood 
risk in Lower Hutt is classed as “intolerable”. As this is the most severe flood risk category 
using the risk evaluation method adopted, the proposed RiverLink works cannot result in 
any higher risk category (i.e. there is no increase in risk). However, the assessments have 
shown that the RiverLink works are instrumental in reduction of flood risk to either tolerable 
or acceptable levels. 

2.4 Potential adverse effects 

31. Modelling has shown that after the proposed RiverLink works have been implemented, 
there will be reduced spill from the river channel under flood scenarios, meaning that a 
greater flood volume will be transferred in-channel to downstream reaches once RiverLink 
works have been completed.  Note that the Hutt River Floodplain Management Plan 
(HRFMP) (2001) contains a work schedule for improving flood protection in all reaches 
below RiverLink with the exception of the reach below Estuary Bridge.   

32. This has the effect of largely eliminating flooding due to river spill in many areas, but may 
also cause raised downstream flood levels in some areas. Most of the area within which 
increased flood levels are anticipated is contained within the existing river channel (i.e. is 
within existing stopbanks). 

33. There is a small area at the downstream end of the river where increases in peak flood 
level (of up to 0.3 m) are anticipated to occur outside of the main channel, as a direct 
consequence of the RiverLink works. Further analysis and assessment of this area is 
provided in Sections 7, 8 and 9 of this report. 
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34. The flood risk assessment has also demonstrated that, without the proposed RiverLink 
works, flood risk in the affected area will rise markedly with time as a consequence of 
predicted climate change.  

2.5 Proposed measures to avoid, remedy or mitigate adverse 
effects, including conditions 

35. I recommend that any flood damage resulting from the potential adverse effects from a 
flood in the Hutt River channel be treated through normal river channel operational and 
maintenance works. 

36. Furthermore, I recommend that the staged improvement schedule described in the HRFMP 
be implemented following completion of the RiverLink works. 

3 PROJECT DESCRIPTION 
3.1 Introduction 

37. A full project description is available in the Assessment of Environmental Effects Report 
(“AEE”).  The following section relies on excerpts of the AEE relevant to the assessment of 
flood impacts/effects.  

38. For the assessment of flood effects resulting from the proposed RiverLink works, a 
dynamic 2D fixed bed hydraulic model has been developed. The model build and 
calibration are described in Appendix A. 

39. The 2D model used for the assessment is based on fixed bed morphology. That is, the bed 
of the river channel has been assumed to remain constant over the design flood events. In 
reality, some bed material movement would be expected to occur, particularly for 
significant events.  

40. To assist with understanding of mobile bed effects, a parallel mobile bed 2D hydraulic 
model has also been built. Because this model has not been fully calibrated, it has only 
been used for qualitative and comparative assessments during the design phases, but has 
not been used in the assessment of effects.  

4 EXISTING ENVIRONMENT 
41. The existing river channel is described in Appendix A. In summary, over the subject reach 

the Hutt River is a single thread, gravel-bed river that is constrained between levees or 
stopbanks in many areas. The river passes through the city of Lower Hutt, and is crossed 
by several road and rail bridges. 

42. The river has been the focus of significant flood management work over the past century, 
with the first formal flood protection scheme having commenced in the early 1900’s. Such 
flood management work has included development of flood protection infrastructure, which 
includes stopbanks, edge protection and berm management works. 

43. The Hutt Floodplain Management Plan (HFMP) 2001 forms the basis for how the wider 
Hutt River system should be managed for the foreseeable future (the plan describes a 40 
year blueprint). The plan (after considering various options, on a risk, cost-and-benefit 
approach) contains design standards for flood protection works on the river. 

44. The HFMP 2001 calls for the upgrading of all Major Stopbanks to be designed to contain a 
flood peak of 2,800 m³/s without overflow. Major Stopbanks are defined as those 
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protecting the main urban areas of Upper or Lower Hutt City. New bridges, and associated 
floodways are also required to pass a 2,800 m³/s design flood.  I understand that, at the 
time of HRFMP drafting in 2002 the 2,800m3/s design flow was considered to provide an 
adequate buffer against increases in flow that might result from predicted effects of climate 
change.   

45. The ability for a section of river to contain this flood has traditionally been assessed using 
hydraulic models. These hydraulic models allow for numerical simulation of real-world flow 
behaviour, and are widely used for this kind of assessment.  

46. The location of the RiverLink reach, with respect to the lower part of the Hutt River, is 
shown in Figure 1. Also shown in this figure is the extent covered by the 2D hydraulic 
model (labelled “model domain”). 

47. A flow gauge is located on the Hutt River at Taita Gorge, which is at the upstream end of 
the 2D hydraulic model (shown in Figure 1). This gauge has been in place since March 
1979. Analysis of the gauged flow record from this site helps to inform the design floods to 
be used for channel conveyance assessments. 

48. In Figure 2 discharge time series of the nine largest floods on record (with peaks aligned in 
time) have been plotted. From this it can be seen that the highest flood peak on record 
occurred in January 2005, when a flood peak of 1,562 m3/s was recorded. The second-
highest flood peak, recorded in October 1998 at 1,540 m3/s, contained a flood of 
significantly larger volume than that of January 2005 (January 2005 flood volume of 54 
million m3 versus October 1998 flood volume of 87 million m3), even though its peak was 
slightly lower. 

49. Also visible from Figure 2 is that there have been several flood events that peaked at more 
than 1,200 m3/s. The mean annual flood has been calculated to be 869 m3/s. These figures 
can be compared to the design flood of 2,800m3/s. A flood of this magnitude has not been 
observed in the gauged record. 

 
Figure 1: 2D fixed bed model domain, showing RiverLink reach 

 

Taita Gorge 

Ewen Bridge 

Kennedy-Good Bridge 

Model domain 
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Figure 2: Largest recorded flood hydrographs at Taita Gorge with peaks 

aligned in time 

50. Hydrological analysis of the flow record at the Taita Gorge has been undertaken, resulting 
in estimates of extreme floods to be used in further design. Furthermore, this hydrological 
analysis has included assessment of the likely change to peak flow estimates that are 
predicted in response to the effects of climate change. 

51. Design floods have been described by the Average Recurrence Interval (ARI) of each 
flood. The ARI is a measure of the probability of such an event being equalled or 
exceeded. For example, a “100-year ARI event” is expected to be equalled or exceeded, 
on average, only once in every 100 years. It is important to note that this measure is made 
on average, and that it does not indicate the period of time that will pass between 
successive events of this magnitude. 

52. In Table 1, a summary is presented that shows peak flows for a range of design event 
likelihoods (from 5-year ARI to 500-year ARI) across two climate horizons (present day and 
the year 2130). For example, it can be seen that a present-day estimate of a 100-year ARI 
flood event peak discharge is 1,897 m3/s. By the year 2130, the 100-year ARI peak 
discharge estimate will have risen to 2,473 m3/s. That is, extreme floods are predicted to 
get more extreme with time, as the climate changes. The origin and derivation of these 
flows is given in Appendix B. 
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Table 1: Design flows for present day and future climate horizons 

 Flood peak in m3/s for Average Recurrence Interval (ARI) of: 

 5 years 10 
years 

20 
years 

50 
years 

100 
years 

200 
years 

500 
years 

Current estimate 
based on 

historical series 
1971-2019 

1,101 1,282 1,470 1,714 1,897 2,080 2,320 

Climate adjusted 
estimate to 2130 

using 12-hour 
factors 

1,441 1,674 1,919 2,235 2,473 2,709 3,021 

5 PROPOSED RIVERLINK WORKS 
53. The proposed works include significant construction aimed at containment of flood flows 

within the river channel. The result of this flow containment is a substantial reduction in out-
of-bank flooding predicted across a wide range of flood events.  

54. The RiverLink works also include in-channel modifications, made to improve flood 
conveyance and flow behaviour. The overall flood capacity of the river channel is 
influenced by both the in-channel works and the containment system (stopbanks/levees), 
and the proposed works represent a combination of elements that, together, deliver the 
required level of flood protection. 

55. The proposed works include a goal of full containment of a flood that peaks at a discharge 
of 2,800 m3/s as measured at the Taita Gorge, consistent with the design standard 
established by the Hutt River Flood Plain Management Plan (2001). The rationale for this is 
as described in paragraphs 43, 44 and 45 above.  

56. In the hydrological review presented in Appendix C, the frequency estimates for this event 
are discussed. Upstream channel improvement works that have already been completed 
have been designed for this flow. 

57. However, by preventing flood flows from spilling at upstream locations (as they would 
without the proposed RiverLink works), a greater flood volume will be contained within the 
stopbanked channel and conveyed downstream when the river is in flood, and this has 
potential downstream effect (addressed below). The ultimate proposal is for full 
containment of the design flood event, including the area downstream of the RiverLink 
reach.  

58. The RiverLink works do not cover the entire Hutt River channel, with these works forming a 
part of a more extensive strategy and potentially future works aimed at flood containment.  
For the lower Hutt Valley they include replacement of Ava Railway Bridge, and channel and 
stopbank improvements between Estuary Bridge and Ava Railway Bridge.  

6 ASSESSMENT METHODOLOGY 
59. In order to assess the likely hydraulic effects that may occur due to the proposed RiverLink 

works, an assessment approach based on the 2D fixed bed hydraulic model was 
developed.  

60. The process followed in undertaking the assessment is shown in Figure 3 below. 
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61. For the RiverLink analyses, a new hydraulic model was built to supersede the previous 
model that has been used in recent times. The main reason for this is that peer review, by 
HR Wallingford, made several recommendations on making best use of recent 
technological advances to better meet the needs of flood analyses. 

62. The new model has been built taking these recommendations into account, and has 
resulted in development of a “2D fixed bed dynamic hydraulic model”. The details of this 
model’s development, calibration and use are provided in Appendix A. 

63. This model includes detailed representation of the riverbed, berms and various structures 
(mainly bridges) along the river. It also includes representation of the various surface types 
present, differentiating roughness applied to different bed materials (e.g. gravel, grass, 
willows). At the (upstream) Taita Gorge boundary, flow is introduced to the model and, by 
complex hydraulic calculations, depths, velocities and other hydraulic parameters are 
calculated dynamically over the model domain, terminating at a tidally-varying coastal 
boundary in Wellington Harbour. 

64. The model is complex, and has a run-time of about 2 hours for a design event that 
simulates some 60 hours of event duration. It makes use of specialist, licensed software 
and requires a specialist modelling computer (equipped with GPU processors) to run. 
Model result files are typically large in memory allocation (too large to be sent via normal 
email). 

 
Figure 3 Assessment process 

65. As described in Appendix A, the model was developed based on recommendations from a 
peer review. Following model development, model calibration was undertaken, in 
accordance with the process shown in Figure 3. During calibration, model parameters were 

Develop model

•Follow recommendations of peer review, and develop 2D fixed bed model to supersede the existing 1-
dimensional (1D) model.

Calibrate 
model

•Calibration to ensure that the model can adequately represent reality.
•Note that the channel is not static, and will continue to evolve.
•Significant sensitivity testing undertaken to confirm model parameters.

Validate model

•Test calibrated model performance against flood observations.
•Confirm that model is suitable for use.

Revise 
hydrology

•Revise peak flow estimates for different design event frequencies.
•Revise design hydrograph shape based on recorded events.

Design events
•Using the model, simulate a range of design flood events using the existing channel configuration.

RiverLink runs

•Using the model, change the channel configuration to represent the proposed RiverLink works, and re-
run the design events (same events run for the existing channel).

Compare flood 
performance

•Compare the flood performance across a range of design flood events, between existing and proposed 
channel configurations.
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varied to ensure that the model is able to produce results consistent with flood 
observations (i.e. that it matches reality). 

66. Three significant historic flood events were used for calibration. The events selected were 
those that occurred in October 1998, June 2002 and January 2005. As concluded in the 
report at Appendix A, the model was found to be suitably calibrated. 

67. Following calibration, the model was run for a series of “design” flow events, these covering 
different event likelihoods. For these design flow events, the inflows to the model were 
taken from the hydrological assessment described in Appendix B. The set of model results 
from these design runs forms part of the assessment baseline performance, against which 
changes are able to be compared. The baseline performance was established by 
representing the “existing” scenario as outlined in Paragraph 14. 

68. Physical descriptors of the channel were changed to match the proposed (RiverLink) 
configuration (which includes channel widening, stopbank improvements, new bridges, and 
land cover changes). The model was then re-run using the proposed configuration (see 
paragraph 14) to develop an understanding of the hydraulic effects of the RiverLink works. 
That is, without changing a specific inflow scenario, the river system performance both with 
and without the RiverLink works was simulated, enabling comparisons to be made. 

7 ASSESSMENT OF EFFECTS 
7.1 Effects On Flood Depths And Extents In 100-Year Ari Event 

69. While a large range of different design flood events have been simulated using the model, 
covering both existing and proposed scenarios, a key comparison is the flood performance 
in response to a 100-year ARI flood event.  

70. In Table 2 the maximum flood depths and extents are shown for four different 100-year ARI 
flood event scenarios. These four scenarios cover present day (2020) and future (2130) 
climate, as well as existing (without RiverLink) and proposed (with RiverLink) channel 
configurations. The figures shown in Table 2 have been produced in full size in at the end 
of this report, but are presented here in reduced size to demonstrate broad effects and to 
enable direct comparison to be made. 

71. Evident from these figures is that the RiverLink works are effective at almost eliminating 
out-of-channel flooding of city areas for a present-day (2020) time horizon 100-year ARI 
event. Based on my experience in flood mitigation, this is a significant benefit to the 
community. Comparison of the top two rows of figures in Table 2 shows this. 

72. Examination of the bottom two rows of figures in Table 2 reveals the predicted effects of 
climate change on 100-year ARI event flooding. For the existing channel configuration 
(without RiverLink), the 2130 100-year ARI flooding that is predicted covers a very wide 
area through Lower Hutt city. The RiverLink works have been shown to substantially 
reduce this, and the remaining flooding predicted is all downstream of the RiverLink works. 
As stated in paragraph 71, and based on my experience, this is a significant improvement 
on the potential for flooding. 

73. This is significant because of the incremental approach being applied to flood protection in 
the Hutt valley, where future flood protection works may be focussed on areas downstream 
of RiverLink, and may address this predicted flooding. Of significance is that the RiverLink 
works have been shown to be effective over the RiverLink reach. In this way, the out-of-
channel flooding predicted in a 100-year ARI event in 2130 may be largely eliminated by a 
combination of RiverLink and other future flood protection works. 
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74. Thus the effectiveness of the RiverLink works in delivering flood protection can clearly be 
seen for the 100-year ARI event. The RiverLink works are significant in the progressive 
approach being applied to delivery of flood protection in the Hutt Valley. 

Table 2: Maximum modelled flood depths and extents for 100-year ARI event 
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75. In delivery of the 100-year ARI event flood protection by RiverLink works (demonstrated in 
Table 2), spillage that is predicted to occur for the existing scenario is contained within the 
stopbanked channel and floodway for the proposed scenario. That is, the RiverLink works 
prevent flood flows from escaping the channel and flowing through parts of Lower Hutt City 
in a 100-year ARI event. 

76. This flood flow containment means that a greater volume of flood flow will be conveyed 
downstream within the channel, beyond the RiverLink works. In these downstream areas, I 
have undertaken assessments to determine if higher flood levels may occur as a direct 
consequence of this upstream flood containment. 

77. To undertake this comparison, the difference in maximum flood level attained between 
existing and proposed scenarios has been calculated. The resulting difference maps, 
shown in Table 3, show the spatial variation in peak flood level difference for the 100-year 
ARI flood event for both the 2020 and 2130 time horizons. 
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78. In the figures shown in Table 3, areas coloured in shades of blue show areas where, as a 
result of the RiverLink works, peak flood levels are expected to reduce. 

79. In these figures, areas where peak flood levels are expected to increase are shown in 
yellow-orange-red colours. 

80. Areas where no change in peak flood level is expected are coloured white. 

81. Areas that would be subject to flooding for the existing scenario, but will not be subject to 
flooding for the proposed (RiverLink) scenario are coloured pink. 

82. Areas that would not be subject to flooding for the existing scenario, but will be subject to 
flooding for the proposed (RiverLink) scenario are coloured green. 
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Table 3: Modelled difference in peak flood levels for 100-year ARI event 
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83. Evident from the above are the following (noting that these findings apply to the 100-year 
ARI flood event): 

 For both 2020 and 2130 time horizons, the RiverLink works have no effect on peak 
flood levels upstream of the RiverLink reach. 

 The RiverLink works result in a decrease in peak flood level of up to one metre within 
the channel over the RiverLink reach, for both time horizons considered. This is due to 
the channel size being substantially expanded. 

 Downstream of the RiverLink reach, but within the stopbanked channel, the RiverLink 
works are shown to cause an increase in peak flood level of up to one metre. This 
increase is more pronounced for the 2130 horizon than for the 2020 horizon. 

 Over wide areas of Lower Hutt City, on both sides of the river, and for both time 
horizons considered, the RiverLink works result in removal of flooding for a 100-year 
ARI event. These areas removed are shown in pink. An example is pre-RiverLink 
works there are parts of Hutt Valley High School where flood depths in excess of 
1.5 m have been modelled to occur (in a present-day 100-year ARI event). These 
areas have been modelled to become flood-free in this event after the RiverLink works 
have been completed.  

 Over small areas downstream of the Estuary Bridge, the RiverLink works have been 
shown to cause increases in peak flood level outside of the stopbanked river channel. 
These areas are considered in more detail below. 

84. In Table 4 the area downstream of Estuary Bridge is shown, together with predicted peak 
flood level increases (in colour) for a 100-year ARI event over two climate horizons (2020 
and 2130). The data presented in these figures is identical to that presented in Table 3, 
except that the scale and focus area are different. 

85. Evident from the figures in Table 4 are the following: 

 In both 2020 and 2130 climate horizon scenarios, the RiverLink effects upstream of 
Estuary Bridge are either constrained within the stopbanked channel (where increases 
have been predicted) or are a decrease in peak flood level. 

 Downstream of Estuary Bridge there are areas, outside of the main channel, where 
peak flood level is expected to be higher as a result of the RiverLink works. As 
mentioned in paragraph 76, the increases are due to the containment of flood flow 
within the channel at the upstream (RiverLink) locations. 

 In a present-day 100-year ARI event, the modelled increase in peak flood level is 
generally less than 0.2 m. In my opinion, this is a small effect and is comparable in 
magnitude to the absolute accuracy able to be delivered from such a model. 

 In a 2130 100-year ARI event, an increase in peak flood level of more than 0.5 m is 
expected within the main channel upstream of Estuary Bridge and an increase of up 
to 0.3 m is expected outside of the main channel downstream of Estuary Bridge. In my 
opinion these are also relatively small effects.  
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Table 4: Modelled difference in peak flood levels for 100-year ARI event 
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86. The above has applied only to 100-year ARI flood events. In Section 8 the effects of the 
RiverLink works have been described for the design 2,800 m3/s flood event, and in Section 
9 the effects in responses to more frequent (less severe) events are covered. 
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7.2 Effects On Flood Depths And Extents In Design 2,800 M3/S 
Flood Event 

87. In Table 6 the modelled maximum flood depths in response to a design 2,800 m3/s event 
are shown, for both the existing and proposed (RiverLink included) scenarios.  

88. These figures show a substantial decrease in predicted flood extent and depth over Lower 
Hutt City as resulting from the RiverLink works. 

89. While the model results show a decrease in flooding, they do not show full containment of 
the design 2,800 m3/s event. This is because the RiverLink works are a part of the ultimate 
suite of works required to achieve the full design flood containment. Significantly, the 
modelling has shown full containment to be achieved within the RiverLink works area. 
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Table 5: Maximum modelled flood depths and extents for 2,800 m3/s event 
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90. Greater Wellington Regional Council (GWRC) staff have advised that spilling over 
stopbanks between Ewen Bridge and Ava Rail Bridge, and Ava Rail Bridge and Estuary 
Bridge, in the 2,800 m3/s event, will be prevented by (future) replacement of the Ava Rail 
Bridge and future stopbank and channel improvements.   

91. GWRC staff have also advised that treatments for the increase in flood levels in the areas 
below Estuary Bridge were not anticipated in the Hutt River Floodplain Management Plan 
(2001).  I understand that GWRC will, as part of future review of the Hutt River Floodplain 
Management Plan (2001) and its implementation, engage with the affected communities to 
assess the hazard and risk and determine appropriate solutions.  

92. I understand that further flood containment improvements downstream of RiverLink, 
identified in the Hutt River Floodplain Management Plan, will largely eliminate stopbank 
overflow in the 2,800 m3/s event (the only exception is the area downstream of Estuary 
Bridge, which was not previously considered in the HRFMS).   

93. To assess the effects of the RiverLink works on peak flood levels, the difference in 
maximum flood level attained between existing and proposed scenarios has been 
calculated. The resulting difference maps, shown in Table 6, show the spatial variation in 
peak flood level difference for the design 2,800 m3/s flood event. 
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Table 6: Modelled difference in peak flood levels for 2,800 m3/s event 
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94. In the figures shown in Table 6, areas coloured in shades of blue show areas where, as a 
result of the RiverLink works, peak flood levels are expected to reduce. 

95. In these figures, areas where peak flood levels are expected to increase are shown in 
yellow-orange-red colours. 

96. Areas where no change in peak flood level is expected are coloured white. 
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97. Areas that would be subject to flooding for the existing scenario, but will not be subject to 
flooding for the proposed (RiverLink) scenario are coloured pink. 

98. Areas that would not be subject to flooding for the existing scenario, but will be subject to 
flooding for the proposed (RiverLink) scenario are coloured green. 

99. Evident from the figures in Table 6 are the following: 

 For the design 2,800 m3/s event, the RiverLink works have no effect on peak flood 
levels upstream of the RiverLink reach. 

 The RiverLink works result in a decrease in peak flood level of up to one metre 
downstream of the RiverLink reach. This is largely due to the increased channel size 
as well as the reduction of spillage that have been proposed as part of the works. 

 Downstream of the RiverLink reach, but within the stopbanked channel, the RiverLink 
works are shown to cause an increase in peak flood level of up to one metre. 

 Over wide areas of Lower Hutt City, on both sides of the river, the RiverLink works 
result in removal of flooding for a design 2,800 m3/s event. These are the areas 
shown in pink. 

 For the design 2,800 m3/s event, the RiverLink effects upstream of Estuary Bridge are 
either constrained within the stopbanked channel (where increases have been 
predicted) or are a decrease in peak flood level. There are some areas where 
increases in flood level are shown, but where modelled flood depths are less than 
100mm for both existing and proposed scenarios (see paragraph 16).   

 Downstream of Estuary Bridge there are areas, outside of the main channel, where 
peak flood level is expected to be higher as a result of the RiverLink works. As 
mentioned in paragraph 76, the increases are due to the containment of flood flow 
within the channel at the upstream (RiverLink) locations. 

 The increases in peak flood level predicted in the area downstream of Estuary Bridge 
are smaller for the 2,800 m3/s event than they are for the 2130 100-year ARI event. 
This is due to the degree of upstream flood containment, where there is greater 
containment for the 100-year ARI event than for the 2,800m3/s event. 

7.3 Effects On Flood Depths And Extents In Frequent Design Flood 
Events 

100. The 2D hydrodynamic fixed bed model has been used to simulate floods of ARI of 5, 10, 20 
and 50 years for both the existing and proposed scenarios, across the two time horizons 
(2020 and 2130). 

101. These simulations were undertaken to enable assessment of the effects of the RiverLink 
works in response to events with a higher probability of occurrence than the 100-year ARI 
event (described in Section 7) and the design 2,800 m3/s event (described in Section 8 of 
this report). 

102. In Table 7 the modelled peak flood level difference plots for the 5- and 10-year ARI events 
are shown, for the existing and proposed scenarios across the two time horizons. In Table 
8 the same are shown for 20- and 50-year ARI design flood events. 

 

103. Evident from these are the following: 
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 The RiverLink works have been shown to cause broad decreases in peak flood level 
in present-day (2020) events of ARI of 5-, 10- and 20-year ARI. Furthermore, the 
RiverLink works do not cause any increase in peak flood level for these events.  

 In a present-day (2020) 50-year ARI event, the RiverLink works have been shown to 
cause a reduction in peak flood level over all areas, except for the relatively localised 
area immediately downstream of Estuary Bridge, where peak flood level increases of 
up to 0.1 m are expected. 

 In response to future (2130) flood events (5-, 10-, 20- and 50-year ARI), the RiverLink 
works have been shown to substantially reduce anticipated peak flood levels in areas 
that are located within the RiverLink reach. The works have also been shown to 
reduce flood extents in areas adjacent to the river upstream of Estuary Bridge. 
Downstream of Estuary Bridge the works have been shown to cause an increase in 
out-of-channel peak flood levels for 20- and 50-year ARI events. 

 For events where the existing scenario shows spillage from the main channel, and 
when the proposed scenario eliminates this spillage, two effects are generally 
noticeable, these being (1) increased peak flood level in-channel downstream of 
RiverLink and (2) increased peak flood level outside of the main channel but 
downstream of Estuary Bridge. These are direct effects of the effective flood flow 
containment through the RiverLink reach for the proposed scenario. 
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Table 7: Modelled difference in peak flood levels: 5- and 10-year ARI events 
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Table 8: Modelled difference in peak flood levels: 20- and 50-year ARI events 
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104. Also evident from the above are the following: 

 Present-day 5-, 10- and 20-year ARI events are contained within the existing channel. 
These have peak flows at 1,101 m3/s, 1,282 m3/s and 1,470 m3/s respectively. A 
present-day 50-year ARI flow of 1,714 m3/s is not contained within the existing 
channel. 

 The proposed RiverLink works will provide containment for all events up to the design 
2,800 m3/s event. 



 

25 

 Under future climate (2130) conditions, even a 10-year ARI event (flow of 1,674 m3/s) 
will spill from the channel without the RiverLink works. 

 The RiverLink works provide containment of all future flood events up to the 
2,800 m3/s event, which includes future events of ARI up to 100 years through the 
RiverLink reach. Additional future works are required downstream of the RiverLink 
reach to fully contain the 2,800 m3/s flow through the full length of the Hutt River. 

105. The increased peak flood level that is predicted as a result of the RiverLink works, that has 
been modelled to occur downstream of the Estuary Bridge and outside of the river channel, 
is greatest for the 50- and 100-year ARI events. If the effect is mitigated for the 100-year 
ARI event, then it is likely to be mitigated for the more frequent events simulated. 

7.4 Effects On Flood Duration 

106. As shown in Sections 7, 8 and 9, the proposed RiverLink works greatly reduce the 
predicted inundation extents in many different flood event scenarios. In areas where the 
extent is reduced, the inundation duration effectively becomes zero. In areas where the 
extent is not changed (e.g. within stopbanks), inundation duration will be changed as an 
effect of the proposed works. 

107. The model has been used to simulate flood events, and from the results, the duration over 
which inundation depth exceeds 0.1 m has been extracted. In estimation of inundation 
duration, the flood model does not include representation of local drainage features and the 
results may over-estimate actual inundation duration because of this. 

108. In Table 9, the modelled inundation durations over a 100-year ARI design event for existing 
and proposed channels, over present-day and future time horizons, are shown. 
Immediately visible from these is that inundation duration within the main channel is largely 
unaffected through development of the RiverLink works. In these figures, the colour red 
indicates long duration, and the yellow-to-green colours indicate decreasing inundation 
duration. 

109. The 100-year ARI design event hydrographs applied to the model for the present-day 
(2020) and future (2130) 100-year ARI flood event are shown in Figure 4. These were 
developed in accordance with the hydrological analysis presented in Appendix B. 

110. The design hydrographs show a total flood event duration of just more than 60 hours, 
although the bulk of the flood occurs over a period of about 30 hours. Any area where 
inundation duration, in the design event, exceeds 40 hours should be located within main 
river channel. For this reason, inundation duration has been plotted in colour from zero to 
40 hours in the figures in Table 9. 
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Figure 4: 100-year ARI design hydrographs 
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Table 9: Modelled inundation duration for 100-year ARI event 
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111. To enable better understanding of the effects on inundation duration, difference maps have 
been prepared, and these are shown in Table 10. It is important to note that the change in 
inundation duration has only been mapped over areas where inundation is common to both 
development scenarios (i.e. only in areas that are shown to be flooded both for existing and 
proposed scenarios). In these figures, the yellow-to-blue colours show a reduction in 
inundation duration, while orange-to-red colours show an increase in inundation duration. 

112. Evident from Table 10 is that there are some changes to inundation duration within the 
RiverLink reach. However, these changes are largely mapping artefacts, due to the 
significant in-channel landform variation that will occur as part of the RiverLink works. That 
is, with the in-channel changes proposed (particularly widening), parts of the channel will 
be used for conveyance of low flows in the proposed scenario, and will therefore display a 



 

28 

large increase in flood duration. These mapped changes are, therefore, academic in that 
they are inherently part of the design. 

113. Aside from the areas within the channel, described in paragraph 113, there are other areas 
where changes in inundation duration are anticipated. Upstream of and adjacent to the 
RiverLink reach, decreases in inundation duration of up to 15 hours (in a 60-hour event) 
are expected. These are largely due to the flood capacity increases proposed, which 
enable faster draining during flood events. 

114. Downstream of the RiverLink reach, some areas have been modelled to experience 
increases in flood duration, and others decreases in flood duration. Most of the 
downstream effects are in the Estuary Bridge area, shown in Table 10. For the present-day 
climate, changes are modest while these changes are more pronounced under the 2130 
climate horizon. 

115. Areas where model results have indicated an increase in flood duration are very similar to 
the areas shown in the depth difference figures from Table 4, where peak flood level 
increases are expected. As such, mitigation proposed in paragraphs 90 and 91 (for peak 
flood level increase associated with the RiverLink works) will also apply to the inundation 
duration increases. 
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Table 10: Modelled inundation duration differences for 100-year ARI event 
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116. To enable a more complete understanding of the predicted increases in inundation duration 
downstream of Estuary Bridge that are likely to occur immediately (following completion of 
RiverLink), model results across design events ranging from 5-year ARI to 100-year ARI for 
the present-day climate (2020) were examined. For the 2020 time horizon, there is no 
significant change to inundation duration expected within this area in events less severe 
than the 50-year ARI event. 

117. For more severe events, the figures in Table 11 and Table 12 have been produced. In 
these figures, the colour red indicates long duration while the orange-yellow-green colours 
indicate decreasing durations of inundation (same as figures in Table 9). 
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Table 11: Modelled inundation duration for 2020 50- and 100-year ARI events 
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Table 12: Modelled inundation duration for 2,800m3/s event 
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118. The figures in Table 11 and Table 12 show that the inundation duration under present-day 
climate in the area downstream of Estuary Bridge is generally expected (modelled) to 
increase from of the order of 3-4 hours to 4-6 hours as a result of the RiverLink works. In 
my opinion, an increase in inundation duration of this amount is reasonably significant. 
However, as indicated in paragraph 108, these modelled inundation durations ignore the 
effects of localised drainage (the model was not built to include this) and these duration 
increases are likely to be over-estimates. 

119. In conclusion, the effects of the RiverLink works on inundation duration have been shown 
to be localised, with the major effects being predicted (modelled) to occur within the 
RiverLink reach itself (and these effects are anticipated in the design).  

120. Outside of the RiverLink reach there are areas where inundation duration is expected to 
reduce. This effect is seen as a positive effect, in that reduction in inundation duration in a 
flood event often means reduced inconvenience and reduced flood damage. 

121. In some areas, the RiverLink works have been shown to cause an increase in inundation 
duration. For a present-day (2020) 100-year ARI event, the areas of increase that are 
outside of the RiverLink reach are localised and of small spatial coverage.  

122. For a future (2130) 100-year ARI event, the spatial extent of predicted (modelled) 
increases in inundation duration is confined to either in-channel locations or to areas 
located downstream of the Estuary Bridge. In this area, future works aimed at reduction of 
peak flood level have been proposed, such that by the time these effects are significant, 
the intention is that these works will have been completed. 

 

7.5 Effects On Scour Potential 

123. Riverbed scour occurs when the flow of water exerts a shear stress on the bed that the bed 
material is unable to resist. 
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124. While changes to river cross section and longitudinal profile are proposed as part of the 
RiverLink works, no significant change to the bed material is proposed. Therefore the 
assessment of the likely change on scour potential has been assessed by consideration of 
the likely change in bed shear stress. 

125. As the bed material changes over the length of the river, the ability for the bed to resist 
scour also changes. In general, more coarse sediments offer greater scour resistance than 
less coarse sediments. 

126. As a general rule, sediments are more coarse in upstream reaches than in downstream 
reaches, meaning that higher bed shear stress can be tolerated (without scour) in 
upstream reaches than in downstream reaches. 

127. In Table 13 the spatial distribution of maximum modelled bed shear stress is shown for the 
100-year ARI 2020 event, for both the existing and proposed (RiverLink) scenarios. In 
these it can be seen that bed shear stress varies from close to zero (green) to a maximum 
of about 200 kPa (red). 

Table 13: Modelled maximum bed shear stress for 100-year ARI 2020 event 
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128. Comparing the above figures shows a large area outside of the main river channel where 
bed shear stress is eliminated. This is because flooding is eliminated in these areas in the 
scenario shown. 

129. Evident from the above is that the areas where changes in bed shear stress are anticipated 
are located within the RiverLink reach. Also evident is that the changes as a result of the 
RiverLink works are for a decrease in maximum bed shear stress. 

130. In Table 14 the difference in maximum bed shear stress for the 100-year ARI 2020 event is 
shown. Also shown in this table is a histogram, showing the count of cells of difference 
shear stress reductions. Note that the shades of green show areas where bed shear stress 
has been modelled to increase, while the red/brown shading indicates bed shear stress 
decrease. 
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Table 14: Modelled maximum bed shear stress difference (kPa) for 100-year 
ARI 2020 event 
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131. Immediately evident from Table 14 is that there is a large number of model cells where bed 
shear stress is shown to decrease, with most of these areas being located outside of the 
stopbanks. This is mainly due to the elimination of out-of-bank flow offered by the RiverLink 
works. 

132. Also evident is that predicted increases in bed shear stress are confined almost completely 
to in-channel locations. That is, no increase in erosion is predicted to occur that is outside 
of the main channel. Where increases are predicted, these are anticipated due to flood flow 
containment. It is usual that the bed material of the river would adjust to changes in bed 
shear stress. 

133. In conclusion, assessments of the proposed RiverLink works on potential scour show the 
following: 

 No increase in potential scour outside of the main channel 

 No change in potential scour upstream of the RiverLink reach 

 Slight increase in potential scour within the main channel – due to the containment of 
flood flows offered by the RiverLink works, as discussed in paragraphs 75 and 76. 
The increase is likely to be countered by bed armouring (where bed material adjusts 
to the new flow regime). 
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7.6 Low Flows 

134. While the 2D fixed bed model was not originally intended for this purpose, it has been used 
for an assessment of the likely changes to flow depths and extents under low flow 
conditions that may result from the proposed works. 

135. For this comparison of existing and proposed scenarios, the in-channel bathymetry used in 
the model is critical in that this defines the low flow channel. This in-channel bathymetry is 
as described in Section 3.3 of Appendix A, noting that channel survey will become out-of-
date as soon as a flood occurs, due to movement of bed material.  

136. Both existing and proposed modelled channels were used in simulations of the following 
low flows: 

 7-day mean annual low flow (MALF) of 3.6 m3/s 

 Median flow of 15 m3/s 

 Three times the median (FRE3) of 45 m3/s. 

137. Both mean high-water springs and mean low water springs tailwater levels were used for 
these, although tidal effect was found not to be significant. 

138. In Table 15 the modelled maximum depths for the 7-day MALF and FRE3 flows for existing 
and proposed scenarios are shown. In addition to depth changes, channel alignment 
changes are also able to be seen in these. The same flood depth scale as used elsewhere 
in this report (e.g. figures in Table 2) has been used here (light blue is shallow, with depth 
increasing as blue shade gets darker to pink shading which is deepest). 

139. As the only channel changes that have been proposed are located within the RiverLink 
reach, there are no accompanying changes to depths under low flow conditions that are 
modelled to occur elsewhere. 

140. Examination of the images in Table 15 shows that the proposed channel might be slightly 
deeper in many reaches than the existing channel, but that there are also several areas 
where depth changes more gradually, allowing for beach formation.  

141. To aid with this comparison, histograms of water depth covering all data points within the 
model domain have been calculated, and plotted in Table 16. The histograms show a cell 
count on the vertical axis while the horizontal axis indicates different water depth bands, as 
indicated by the legend. 

142. These histograms show the distribution of depth in the model domain. Thus it can be seen 
that almost all of the model domain for the 7-day MALF is at water depth between zero and 
about three metres. 

143. Evident from the histograms is that there is slight difference in histogram at shallow water 
depth (red arrows), where the existing scenario shows more cells at very shallow depth 
and the proposed shows a slight increase in depth. 
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Table 15: Maximum depth from model for low flows 
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Table 16: Maximum depth (m) histograms from model for low flows 
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144. A conclusion from the depth analysis at low flows is that the RiverLink works result in a 
slight deepening of some of the shallow depths in the existing scenario, with little to no 
change in the greater depths. 

145. The ecological significance of these changes is outside of my field of expertise, and I 
understand that further detail on this will be provided in ecological effects assessment that 
accompanies the application. 

7.7 Effects On River Management 

146. The proposed works include making substantial changes to the river cross section and 
longitudinal profile through the subject reach.  

147. It is proposed that these changes apply to both the active channel and the berm areas 
within the flood channel (between the stopbanks). 

148. Following these changes being made, river processes will begin to stabilise the cross 
section through deposition and erosion. If such processes result in undesirable change to 
the channel, then active management of the riverbed will need to be undertaken. 

149. Given the large conveyance capacity proposed for the RiverLink reach (as compared 
against existing), and in sympathy with the flood flow results outlined above, overall, less 
flood damage is expected to occur to the proposed channel than would occur to the 
existing channel in a given flood. 

7.8 Flood Risk For Riverlink Project Elements 

150. An assessment of the flood risks arising from the RiverLink project has been undertaken to 
identify the level of current and future flood risk. This was done to assess the change in risk 
profile as a result of the proposed RiverLink works (and reach a conclusion on the 
acceptability of this risk). The full risk assessment is detailed in a separate report, 
appended as Appendix C. In the paragraphs that follow, some of the details of that 
assessment have been extracted. 

151. The risk assessment was undertaken in general accordance with the GNS ‘Risk-based 
Land Use Planning for Natural Hazard Risk Reduction’ guidelines (2013). 

152. In doing so this assessment addresses the Policy tests set out in the Greater Wellington 
Regional Council’s (GWRC) Proposed Natural Resources Plan (PNRP) Policy P27: 

 Part (b) - the hazard risk to the development and/or residual hazard risk after hazard 
mitigation measures, assessed using a risk-based approach, is low, and 
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 Part (c) - the development does not cause or exacerbate natural hazards in other 
areas.  

153. Using the risk assessment process, probability descriptors for natural hazard events are as 
shown in Table 17. 

Table 17: Likelihood scale (source: GNS natural hazard risk assessment 
guidelines, 2013) 

 
154. Consequences have been assessed using the GNS guidance, and the descriptors for 

different impacts are from “insignificant” to “minor”, to “moderate”, then “major” and finally 
“catastrophic”.  

155. Risk has been assessed as a combination of likelihood and consequence, using the matrix 
shown in Table 18. 

Table 18: Risk matrix (adapted from Figure 3.6 and Figure 3.7 of the GNS 
natural hazard risk assessment guidelines) 

 
156. Thus it can be seen that, for example, an “intolerable” risk can be attained by more than 

one combination of likelihood and consequence. Similarly, an event may have 
“catastrophic” consequences but, as long as its likelihood is low it can be judged to have a 
“tolerable” or even “acceptable” level of risk. 

157. The GNS guidelines considers three categories of building: 

Likelihood 
Consequence 

Insignificant Minor Moderate Major Catastrophic 

Likely Acceptable Tolerable Tolerable Intolerable Intolerable 

Possible Acceptable Acceptable Tolerable Tolerable Intolerable 

Unlikely Acceptable Acceptable Acceptable Tolerable Tolerable 

Rare Acceptable Acceptable Acceptable Acceptable Tolerable 

Very rare Acceptable Acceptable Acceptable Acceptable Acceptable 
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 Critical buildings – buildings occupied by agencies assisting the public in times of 
emergency (e.g. Local council offices, fire stations, police stations, hospitals, 
emergency medical centres, civil defence centres etc.) and designated emergency 
shelters (e.g. designated schools).  

 Buildings of social or cultural significance – e.g. educational facilities, places of 
worship, museums/art galleries, marae, libraries, community centres etc. Note 
sports/recreational facilities are not included under social/cultural buildings. 

 All ‘other’ buildings.  

158. Google Maps was initially used to determine building usage to identify critical and 
social/cultural buildings for this study. Subsequent on-site investigation was carried out to 
further verify some of the desktop assumptions made. A total of 40 critical buildings, 139 
social/cultural buildings and 8,989 “other” buildings were found to be located in the hazard 
zone. The locations of the social/cultural buildings and critical buildings are shown in Figure 
5. 

159. In some cases buildings were both counted as social/cultural buildings and critical 
buildings. This included buildings such as schools that are designated as emergency 
shelters by Civil Defence. 

160. The Melling substation, indicated in Figure 5, was initially determined to be of “critical” 
significance, however subsequent enquiry resulted in GWRC staff directing that 
appropriate flood mitigation works existed to ensure no loss of functionality in the event of a 
flood that might inundate the substation facility. As a result, this facility was removed from 
those of critical significance for the assessment. 

 
Figure 5: Locations of social/cultural and critical buildings 

161. After following the risk assessment process, it was found that for the “existing” 2020 
scenario, the 50- and 100-year ARI events resulted in consequence levels of “Major” and 
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“Catastrophic” respectively. When combined with the likelihood of occurrence, these 
consequences result in “Intolerable” risk. 

162. The same result is found for the existing scenario examined for a 2130 climate – 
Intolerable flood risk.  

163. The flood risk assessment results are shown in Table 19, Table 20, Table 21 and Table 22. 
The adopted risk assessment approach was to define “functionally compromised” as when 
a building cannot continue to be used for its intended use immediately after a hazard event. 
For the purposes of this study this was interpreted as being when the modelled flood level 
within a building footprint exceeded the inferred building floor level. 

 

Table 19: Risk assessment results for existing scenario, 2020 climate 

Building type 

Total 
number of 
buildings 
in hazard 

zone 

50yr, 2020 100yr, 2020 

Buildings functionally compromised 

No. % Consequence 
level 

No. % Consequence 
level 

Critical 
buildings 51 6 12% Major 21 41% Catastrophic 

Social/cultural 
buildings 180 28 16% Major 81 45% Catastrophic 

Other 
buildings 11,318 1,333 12% Moderate 3,928 35% Major 

Risk assessment results 

Consequence to buildings Major Catastrophic 

Consequence to lifeline 
utilities Minor Minor 

Consequence to public 
safety Minor Minor 

Likelihood Likely Possible 

Hazard risk level Intolerable Intolerable 

 

Table 20: Risk assessment results for existing scenario, 2130 climate 

Building type 

Total 
number of 
buildings 
in hazard 

zone 

50yr, 2130 100yr, 2130 

Buildings functionally compromised 

No. % Consequence 
level 

No. % Consequence 
level 

Critical 
buildings 51 42 82% Catastrophic 45 88% Catastrophic 

Social/cultural 
buildings 180 148 82% Catastrophic 160 89% Catastrophic 

Other 
buildings 11,318 6,924 61% Catastrophic 8,447 75% Catastrophic 

Risk assessment results 

Consequence to buildings Catastrophic Catastrophic 
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Consequence to lifeline 
utilities Moderate Moderate 

Consequence to public 
safety Minor Minor 

Likelihood Likely Possible 

Hazard risk level Intolerable Intolerable 

 

 

Table 21: Risk assessment results for proposed (RiverLink) scenario, 2020 
climate 

Building type 

Total 
number of 
buildings in 

hazard 
zone 

50yr, 2020 100yr, 2020 

Buildings functionally compromised 

No. % Consequence 
level 

No. % Consequence 
level 

Critical 
buildings 51 0 0% Insignificant 0 0% Insignificant 

Social/cultural 
buildings 180 1 1% Minor 1 1% Minor 

Other 
buildings 11,318 81 1% Insignificant 107 1% Insignificant 

Risk assessment results 

Consequence to buildings Minor Minor 

Consequence to lifeline 
utilities Insignificant Insignificant 

Consequence to public 
safety Insignificant Insignificant 

Likelihood Likely Possible 

Hazard risk level Tolerable Acceptable 

 

Table 22: Risk assessment results for proposed (RiverLink) scenario, 2130 
climate 

Building type 

Total 
number of 
buildings 
in hazard 

zone 

50yr, 2130 100yr, 2130 

Buildings functionally compromised 

No. % Consequence 
level 

No. % Consequence 
level 

Critical 
buildings 51 1 2% Minor 6 12% Major 

Social/cultural 
buildings 180 2 1% Minor 7 4% Major 

Other 
buildings 11,318 294 3% Minor 904 8% Moderate 

Risk assessment results 
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Consequence to buildings Minor Major 

Consequence to lifeline 
utilities Minor Minor 

Consequence to public 
safety Minor Minor 

Likelihood Likely Possible 

Hazard risk level Tolerable Tolerable 

 

 

164. When the proposed RiverLink works are used in model simulations, flood risk for the 2020 
climate horizon is reduced from “intolerable” to “tolerable” for the 50-year ARI event, and 
from “intolerable” to “acceptable” for the 100-year event. For the 2130 climate horizon both 
50-year and 100-year ARI events result in “tolerable” risk. 

165. Thus it can be seen that the proposed RiverLink works have a substantial benefit in flood 
risk reduction, as summarised in Table 23. 

Table 23: Summary of risk assessment results 

Event ARI (years) Climate horizon Flood risk pre-
RiverLink 

Flood risk post-
RiverLink 

50 2020 Intolerable Tolerable 

100 2020 Intolerable Acceptable 

50 2130 Intolerable Tolerable 

100 2130 Intolerable Tolerable 

8 SUMMARY OF POTENTIAL ADVERSE 
EFFECTS 
166. The potential adverse effects relating to river hydraulics and flooding resulting from the 

proposed RiverLink works have been predicted using a 2D fixed bed hydraulic model. 

167. Hydraulic effects of the proposed works have been predicted to occur both within the Hutt 
River channel and also outside of the Hutt River channel. 

168. Potential adverse hydraulic effects resulting from the RiverLink works comprise the 
following: 

 Downstream of the RiverLink reach, but within the stopbanked channel, the RiverLink 
works are shown to cause an increase in peak flood level of up to one metre in the 
100-year ARI event. This increase is more pronounced for the 2130 horizon than for 
the 2020 horizon. 

 Over small areas downstream of the Estuary Bridge, the RiverLink works have been 
shown to cause increases in peak flood level outside of the stopbanked river channel. 
In a present-day 100-year ARI event, the modelled increase in peak flood level is 
generally less than 0.2 m. In a 2130 100-year ARI event, an increase in peak flood 
level of more than 0.5 m is expected within the main channel upstream of Estuary 
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Bridge and an increase of up to 0.3 m is expected outside of the main channel 
downstream of Estuary Bridge. 

 Downstream of Estuary Bridge the RiverLink works have been shown to cause an 
increase in out-of-channel peak flood levels for 20-, 50- and 100-year ARI events, and 
also for the design 2,800 m3/s event. The predicted increases for all of these events 
are similar to the increases predicted for the 100-year ARI event. 

 The RiverLink works have been shown to cause an increase in peak shear stress 
downstream of the proposed works, which could lead to a change in bed movement 
under flood conditions. 

 Downstream of Estuary Bridge, the model results indicate that the RiverLink works 
may result in inundation duration increases of up to 1-2 hours in response to events of 
ARI of 50 years or greater. For less severe events there is no inundation duration 
change in this area. 

9 MEASURES TO AVOID, REMEDY OR 
MITIGATE ACTUAL OR POTENTIAL 
ADVERSE FLOODING EFFECTS 
9.1 Operational 

169. GWRC staff have advised that treatments for the increase in flood levels in the areas below 
Estuary Bridge were not anticipated in the Hutt River Floodplain Management Plan (2001). 
I understand that GWRC will, as part of future review of the Hutt River Floodplain 
Management Plan (2001) and its implementation, engage with the affected communities to 
assess the hazard and risk and determine appropriate solutions.  

170. I understand that further flood containment improvements downstream of RiverLink, 
identified in the Hutt River Floodplain Management Plan, will eliminate stopbank overflow in 
the 2,800 m3/s event, with consequent larger flood level differences.   

9.2 Construction 

171. While modelling has only been undertaken to cover the two-time horizons of “existing” and 
“proposed”, there is a potential for a flood to occur during the construction phase. 

172. The effects of a flood during construction will relate to the magnitude of the flood and to the 
specific stage of construction being undertaken. 

173. As the proposed works involve channel enlargements, if a flood were to occur during 
construction there may be an intermediate channel state where the enlargements would be 
partially complete. I understand that the construction sequencing will ensure that a channel 
as least as large as the existing will be maintained during construction. This ensures that 
the likelihood of damage during a flood remains either unchanged or will be slightly lower 
when compared to the existing scenario.  
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10 CONCLUSION AND 
RECOMMENDATIONS 
174. In conclusion, the analyses undertaken have shown the proposed RiverLink works to have 

the following effects: 

 In the areas adjacent to and within the RiverLink reach, peak flood levels have been 
shown to decrease for extreme and frequent flood events. 

 The only areas where RiverLink works have been shown to cause measurable 
increases to peak flood levels are (1) within the main (stopbanked) channel and (2) in 
the area downstream of Estuary Bridge. 

 The proposed mitigation for the predicted increases in peak flood level downstream of 
Estuary Bridge is via extension of the Hutt River Floodplain Management Strategy to 
cover this area, with a view to undertake future works. 

 The RiverLink works have been shown to achieve a general reduction in inundation 
duration over most of the flood affected areas. This combines with a reduction in flood 
extent over many out-of-channel areas. Downstream of Estuary Bridge there are 
localised areas where the RiverLink works have been shown to slightly increase 
inundation duration by of the order of 1-2 hours. 

 Under flood conditions, the RiverLink works have been shown to increase scour 
potential slightly within the river channel, downstream of RiverLink. This is because of 
flood flow containment that is proposed as part of these works. It is usual for bed 
material to adjust to these changes. 

 Minor depth increases are anticipated in the RiverLink reach when the river is in a low 
flow condition, although this is not a uniform effect. That is, there are areas of 
increase and areas of decrease in depth predicted, with the balance tipping towards 
the increase in depth on average. 

 The RiverLink works have been shown to result in a significant decrease in flood risk 
over the Hutt River floodplain area. 

175. Following assessment of the flood and hydraulic effects as outlined above and in appended 
documents, my recommendations include the following: 

 Given that the RiverLink works have shown a number of significant benefits to overall 
flood protection, I recommend that these works be undertaken largely as proposed. 

 In the area downstream of Estuary Bridge, I recommend that further analyses be 
undertaken on ways to tie in flood protection of this area with the HRFMS. 
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Figures from Tables 
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Table 2: Maximum modelled flood depths and extents for 100-year ARI event 
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Table 3: Modelled difference in peak flood levels for 100-year ARI event 
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Table 4: Modelled difference in peak flood levels for 100-year ARI event 
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Table 5: Maximum modelled flood depths and extents for 2,800m3/s event 
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Table 6: Modelled difference in peak flood levels for 2,800m3/s event 
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Table 7: Modelled difference in peak flood levels: 5- and 10-year ARI events 
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Table 8: Modelled difference in peak flood levels: 20- and 50-year ARI events 
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Table 9: Modelled inundation duration for 100-year ARI event 
  



 

73 

 

MICF   Apr.21 
CJB     Apr.21 



 

74 

 

MICF   Apr.21 
CJB     Apr.21 



 

75 

 

MICF   Apr.21 
CJB     Apr.21 



 

76 

 
 
  

MICF   Apr.21 
CJB     Apr.21 



 

77 

Table 10: Modelled inundation duration differences for 100-year ARI 
event 

  



 

78 

 

MICF   Apr.21 
CJB     Apr.21 



 

79 

 

MICF   Apr.21 
CJB     Apr.21 



 

80 

 

MICF   Apr.21 
CJB     Apr.21 



 

81 

 
  

MICF   Apr.21 
CJB     Apr.21 



 

82 

Table 11: Modelled inundation duration for 2020 50- and 100-year 
ARI events 
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Table 12: Modelled inundation duration for 2,800m3/s event 
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Table 13: Modelled maximum bed shear stress for 100-year ARI 2020 
event 
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Table 14: Maximum depth from model for low flows 
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Appendix A – Hutt River 2D Hydraulic Model Build 
and Calibration 

 
 
 
 
See separate document for appendices 
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Appendix B – Hutt River Flood Hydrology Review 
and Update Memo 

 
 
See separate document for appendices
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Appendix C – RiverLink Flood Risk Assessment 
 
 
 
 
See separate document for appendices 
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