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REPORT STRUCTURE 
 

This report represents the final findings of a study undertaken by DHI in association 
with the Duffill Watts Group for Opotiki District Council into the feasibility of provid-
ing a permanent access to Opotiki Harbour through the mouth of the Waioeka River. 

The report is divided into 5 parts: 

Volume 1: Summary Report 

Volume 2: Modelling Main Report (this document) 

Volume 3: Preliminary Design and Construction Assessment Report 

Volume 4: Modelling Technical Details  

Volume 5: Annexures 

Volume 1 provides an overall summary of the study and brings together the main find-
ings of the modelling and the preliminary design sub-studies. It includes a brief execu-
tive summary.  

Volume 2 presents the results of the modelling studies, addressing the engineering re-
quirements of the training works to meet the navigation requirements as well as the en-
vironmental impacts.  

Volume 3 presents a preliminary design of the river training works, together with a cost 
estimate and an assessment of the issues to be addressed during the construction.  

Volume 4 provides additional detailed background information pertaining to the model-
ling undertaken to support the assessments. This includes a review of the data used as a 
basis for the modelling, as well as details of the development and calibration of the suite 
of models applied to the study. 

Volume 5 contains a compilation of supporting documents, including interim reports is-
sued during the course of the study as well as background technical data. 
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1 INTRODUCTION 

1.1 Purpose of the Study 

The township of Opotiki is located approximately 30km east of Whakatane in the east-
ern Bay of Plenty (see Figure 1-1). The town is situated at the confluence of the 
Waioeka and Otara Rivers. The rivers discharge to the sea through the Opotiki Entrance 
just downstream of the Opotiki township (see Figure 1-2).  The entrance is very dynamic 
and during low flow conditions and significant wave events it can become narrow and 
shallow as sand bars form across the river mouth 

Previous studies have shown that an improvement in access to the harbour entrance 
would have the potential to bring significant economic benefits to the district (Tonkin 
and Taylor, 1996; URS, 2005).  Aquaculture and recreational fishing are two areas that 
have been highlighted.  

 

 
Figure 1-1 Study Site Location 

 

The river mouth is in an ever-changing dynamic equilibrium where the tidal flushing and 
river discharge maintain an open channel to the sea over a shallow bar and delta forma-
tion. Due to the dynamic nature of the river mouth, access to Opotiki Harbour is unreli-
able.  

 

Study Site 
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Figure 1-2 Opotiki Entrance 

 

In order to address the navigability issues, the ODC has commissioned a series of inves-
tigations to determine a solution towards achieving a permanent access through the river 
mouth to the sea. Dahm and Kench (2002, 2004) undertook preliminary investigations to 
determine the feasibility and potential methods to stabilise the river entrance for naviga-
tion. After studying a wide range of alternatives, they concluded that twin training walls 
provided the most promising option for permanent stabilisation of the entrance.    

1.2 Report Outline 

This report describes the detailed modelling and investigations that have been carried 
out by DHI to provide a conceptual design for the river training works, and to assess 
their environmental impacts. The report follows on from a number of earlier documents 
that have been produced as part of this study.  

Stage 1 – Review of Previous Studies (Feb. 2007). As a first stage before proceeding to 
the current detailed investigations, DHI conducted a review of the previous studies un-
dertaken by Dahm and Kench (D&K) in 2002 and 2004. The review included prelimi-
nary model development and testing of D&K’s preferred solution. The modelling and 
review confirmed the twin training walls was a viable solution, but also proposed alter-
native curved wall layouts to be tested as part of the detailed modelling. 

Opotiki Entrance 

Otara 
River 

Waioeka 
River 
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Preliminary Layout Assessment (June 2007). Following the Stage 1 report, it became 
apparent that construction cost is a major constraint to the project. As a result of this 
DHI conducted a preliminary model based assessment of a range of alternative layouts, 
including a number of shorter training wall options in order to provide a discussion point 
on project costs verses reliability. This document was submitted to ODC as a status note 
in June 2007. 

Opotiki Entrance Navigation Study (July 2007). This document was prepared by 
Duffill Watts as part of a separate commission to determine the minimum target naviga-
tion requirements for the trained entrance. The study was necessary in order to guide the 
final conceptual design of the training works. 

Preliminary Construction Assessment (Sep. 2007) This assessment was compiled as a 
basis from which initial environmental impacts would be assessed. The document de-
scribes the potential location, form and construction impacts of the training walls. 

 The above reports have been included in Volume 5 as Annexures 1-4 respectively. 

1.3 Independent Peer Review 

The modelling study, including its methodology and conclusions, has been independ-
ently peer reviewed by a panel of experts appointed at the commencement of the project 
by ODC. The panel comprises: 

Dr. Kerry Black, (ASR Ltd.), expert in coastal modelling 

Mr. Jim Dahm, (Eco Nomos Ltd.), coastal processes and morphology expert 

Mr. Phillip Wallace, an independent consultant specialising in river and flood hydrau-
lics. Mr. Wallace also represented the interests of Environment Bay of Plenty in these 
areas. 

All three reviewers have accepted the findings of the modelling investigations. Their fi-
nal comments are provided in Appendix A of this report. 

1.4 Datums and Projections 

The Moturiki datum and New Zealand Transverse Mercator (NZTM) Projection have 
been adopted for this study, unless noted otherwise.  Coastal modelling is based upon 
mean sea level (MSL). The relation between Moturiki datum and MSL used in this study 
is Moturiki Datum = MSL - 0.2m. 

[ie height (Moturiki datum) = height (MSL) + 0.2m] 
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2 STUDY BACKGROUND AND OBJECTIVES 

2.1 Physical Setting 

The coastline in the vicinity of the Opotiki entrance runs approximately east-west and 
comprises an open sandy beach, fully exposed to the Pacific Ocean within the eastern 
Bay of Plenty. The waves, together with the tidal flushing and river flows are the main 
driving forces controlling the sediment transport and morphological processes at the site.   

The existing river mouth is in a dynamic and continually changing state, controlled by 
the complex current, wave and sediment transport dynamics. The coastal littoral trans-
port will generally feed sediment to the river mouth and tend to “choke” the channel, 
while tidal flushing and river flows will tend to scour and keep the channel open. The 
sediment transported to the river entrance by the coastal littoral transport and flushed 
seaward by ebb tide currents and river discharges is deposited in an offshore delta from 
where the sediments are gradually re-circulated to the coastline. 

The main purposes of the training structures are to block the influx of sediments from 
the littoral transport to the river channel and increase the flushing capacity of the river 
by concentrating the flow within a confined channel. This will normally interrupt the lit-
toral transport and thereby lead to a self cleansing channel, however morphological im-
pacts on the adjacent coastlines may occur. 

The coastline at Opotiki appears to be in equilibrium with a long term net sediment 
transport rate close to zero. However the preliminary investigations conducted to date 
(DHI, 2007b) show that the relatively rough wave climate leads to large gross transport 
rates and therefore potentially large infilling of sediment into the river channel at the 
river mouth.  

In terms of the natural flushing, the Opotiki river mouth is handicapped by a very lim-
ited tidal prism. The tidal flushing therefore only maintains a very narrow entrance 
channel. During times of neap tide, low river flow and rough wave conditions the chan-
nel can almost close up and become completely unnavigable, as occurred in July 2007. 

Both the Waioeka and Otara rivers originate in steep, mountainous hinterland, and flood 
discharges are high compared to both the average river flow and the tidal exchange of 
water through the entrance. River flow gauging data in the catchments indicate the range 
of total inflow discharges during the past 10 years of 5 - 2000 m3/s. Average discharges 
in wet months are almost of the same magnitude as the peak tidal flows, and average 
monthly maximum river discharges exceed the peak tidal flows. The combined average 
annual flood discharge from the rivers is approximately 10 times higher than the peak 
tidal discharge.  

The wide range of river discharges and the relatively low tidal prism leads to several 
complications in maintaining an open entrance compared to a tidally dominated river 
mouth: 
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 The small tidal discharges require a small cross-sectional area for efficient flush-
ing, but this will potentially have severe impacts on flood release. The tidal 
flushing is therefore unlikely to be efficient in maintaining an open channel. 

 River discharges become a potentially dominant factor in the flushing, but these 
are obviously less regular and predictable than tidal flushing. 

 Larger river discharges, which may be crucial for flooding, can also bring sig-
nificant sediment loads from the catchment to the river mouth area. 

2.2 Existing Navigation Conditions 

In order to place any possible improvements of the river mouth access in context, ODC 
has undertaken a limited survey of regular users of the river entrance, including the coast 
guard and the Opotiki harbour master. The survey has highlighted the following: 

 The entrance has not been navigable for 2-3 hours either side of low tide for at 
least the last 3 years 

 The entrance closed completely to vessels over an approximately three week pe-
riod in the summer of 2006-7 

 In 2007 the entrance was closed for a total of 64 days due to insufficient naviga-
tion depth or dangerous wave conditions over the bar. On average access is not 
possible 5 days of every month. 

 The largest vessel in recent times to gain access through the entrance was a 14 
metre vessel with a draft of 1.2 metres. Historically, reasonably sized scows 
(shallow draft trading vessels) have used the Opotiki harbour. 

The survey indicates that the existing entrance suffers from severe problems, limiting 
year round navigation for existing users and allowing access only to shallow draft ves-
sels. Even during the most favourable conditions the maximum available draft is less 
than 1.5 metres. 

The 14 metre vessel mentioned above was brought in to cut a passage through the en-
trance (an operation called “discing”) following a period of sustained closure, as shown 
in Figure 2-1. The entrance closure has also affected coastguard operations, most re-
cently in January 2008 when the coastguard vessel grounded on the bar for 5 hours after 
returning from a call out.  
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Figure 2-1  Discing vessel in operation in November 2007 (left) and negotiating the bar in heavy swell 
(right) [Photos courtesy ODC] 

 

2.3 Study Objectives 

The objective of present study can be summarised as follows:  

To provide a cost effective solution for permanent access through the river entrance 
that meets the stated navigability requirements without adversely affecting flood levels 
in Opotiki township or leading to other significant environmental impacts. 

 These three requirements – cost, navigability and flood impacts not mutually compati-
ble and some compromise may be necessary to meet all stated aims. The navigation re-
quirements have been assessed in a separate study (see Section 6.3.1 and Vol. 5, Annex-
ure 3). The objective of “no adverse flooding impacts” is interpreted as a zero increase 
(or alternatively a decrease) in river flood levels in Opotiki township following the im-
plementation of the training works.  

2.4 Training Options 

DHI conducted an extensive screening of six possible options during the initial stages of 
this study, (see Volume 5, Annexure 2). The pros and cons of each structure’s perform-
ance in terms of flood levels, navigation and estimated cost were discussed with ODC in 
order to focus detailed modelling on a small number of options, as described in Section 
7. 

To ensure the effective blocking of the sediment influx from the littoral drift to the navi-
gation channel, it is normally desirable to extend the training structures beyond the main 
part of the surf zone such that littoral transport at the entrance only occurs during rela-
tively extreme wave conditions.  
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Figure 2-2  River training layout options assessed. 

 

The original long structures (Options A and C – see Figure 2-2) were designed to extend 
beyond the surf zone to a depth providing almost all-weather access, but as detailed in 
Section 6.2, these options were not deemed economically viable and shorter options are 
therefore considered. This vastly complicates the assessment as the potential influx of 
sediments from the sea through the river mouth becomes a major factor. 

The symmetrical breakwaters of Option C are designed to provide better sediment by-
pass of the entrance area and avoid sedimentation here as well as providing better navi-
gation conditions at the entrance. This contrasts to the parallel breakwater configuration 
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of Option A which can be subject to strong current gradients and wave disturbance, 
complicating navigation. 

With relatively long structures and limited influx of sediment from the sea, the symmet-
rical breakwaters can normally be designed to provide sufficient flushing through the 
outer basin. This may not be the case for the shorter breakwater option, and is consid-
ered a key component of the present study.  

The low net sediment transport rates at the site (the coastline is more or less in equilib-
rium with the predominant wave climate) indicates that the long-term coastal impacts on 
a regional scale will be small, but the large gross sediment transport rates can lead to 
rapid local morphological impacts which need to be considered in the design structure 
that obstructs the littoral transport. Shorter structures are likely to have less impact on 
the coastline than longer structures due to less sheltering and potential bypass of sedi-
ment past the structures. 

2.5 Modelling Approach 

The detailed modelling assessment described within this report investigates and com-
pares the performance of two selected river training options on the basis of potential cost 
and overall performance. As assessment of the navigation performance and impacts of 
the proposed structures requires an understanding of a wide range of river and coastal 
processes. A suite of numerical models has been developed, calibrated and applied to the 
Opotiki river entrance to aid in these assessments.  

Table 2-1 presents an outline of all the numerical models that were used during the study 
and how the models were applied. 
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 Table 2-1 Outline of models applied in study. 

Area of Application Model Purpose Input data Provides data to… 

Wave climate Regional Spectral Wave (SW) 
model. MIKE 21 SW 

Transform offshore wave data to 
nearshore area 

Wind and regional wave data LITPACK model, local morpho-
logical model 

Local SW model Extreme wave height analysis. Transformed nearshore wave 
data. 

Detailed breakwater design 

Littoral sediment processes LITPACK (LITDRIFT module) Calculate long term littoral sedi-
ment transport rates 

Transformed nearshore wave 
data. Sediment properties. 

Coastal impacts assessment 

Coastal hydrodynamics Regional hydrodynamic model, 
MIKE 21 HD 

Assess significance of tidal cur-
rents at site. 

Regional tide and wind data Local hydrodynamic model  
(if applicable) 

Local hydrodynamic model Calibration to obtain correct tidal 
prism for morphological models. 

Tide and river inflow data Local morphological model 

River morphology MIKE 11 graded sediment 
transport (GST) 

Calculate sediment transport 
rates in river.  

River flows, sediment properties Local morphological model, river 
sediment inflow assessment 

Entrance hydraulics and mor-
phology 

MIKE 21 HD with sediment 
transport (ST) 

Assess impact of flood events 
on levels and channel dynamics. 

Tide and river inflow data. 
Sediment properties 

Flood impact and scour  as-
sessment (dynamic river en-
trance) 

MIKE 21 HD with sediment 
transport (ST) and waves (SW) 

Assess effects of coastal sedi-
ment processes on river en-
trance. 

Tide, river inflow and nearshore 
wave data. Sediment properties. 

Assessment of navigation per-
formance and sediment flushing 
capability 

River Flooding MIKE FLOOD Assessment of flood release 
including bank overtopping (no 
morphological response). 

Tide and river inflows data. Flood impacts assessment  
(bank overtopping) 

Salinity intrusion 3D local model of entrance Assess impacts of training works 
on salinity. 

Tidal and river inflow data, 
ocean and river salinity. 

Salinity impact assessment 
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3 BACKGROUND MODELLING AND ANALYSES 

A brief description of the main met-ocean and riverine conditions of significance for the 
design and functionality of the river mouth training works has been included in the pre-
sent chapter. The assessment is based on the data and modelling documented in Volume 
4 of the present report. 

3.1 Wave Climate 

This section focuses on the interpretation of the meteorological data available to deter-
mine the wave climate for the Bay of Plenty and at the study site. The source of the data 
used is outlined in Volume 4.  

The wave conditions at site are important for two main reasons: 

 As the main driving force for littoral sediment transport and the morphological 
response at the Opotiki Entrance 

 As a design parameter for the structural design of the protection structures. 
 
The Bay of Plenty is exposed to swell waves from the Pacific Ocean, and the near-shore 
wave climate is a determining factor for the stability and evolution of the local morphol-
ogy. At Opotiki there appears to be a small net westward littoral transport of sediment, 
but gross rates are likely to be high in both directions. It is essential to understand the lo-
cal wave climate to quantify the local sediment transport and the related backfilling in 
the entrance channel as well as impacts on the downdrift coastline for any measure that 
would block the littoral transport. 

Local, long-term wave measurements are not available close to the site. The local wave 
climate is therefore derived based on offshore hindcast data, which are available as time 
series of wind and wave parameters at 3-hourly intervals covering a period of 10 years 
(1997 to 2006). The hindcast models are rather coarse in resolution and cannot describe 
the wave processes in the nearshore area where the waves undergo a significant trans-
formation due to refraction, shoaling and wave dissipation through bottom friction and 
wave breaking.  
 
To obtain reliable wave data in the near-shore area a regional wave model has been de-
veloped to transform the offshore hindcast wave data to the near-shore location at Opo-
tiki.  
 

3.1.1 Hindcast Wave Climate 
The hindcast model results from NIWA (see Figure 3-1) imply that the wave climate in 
the Bay of Plenty is composed of locally generated wind waves, predominantly from the 
west, and longer period swell waves from the northerly through to easterly direction. 
The swell waves dominate due to their long fetch across the Pacific Ocean.  There are 
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large differences in wave energy along the Bay of Plenty coastline due to the sheltering 
effects of large islands and the East Cape.   

 

Figure 3-1 NIWA offshore wave data (1997 -2006) in the Bay of Plenty. See Appendix A for location. 

3.1.2 Nearshore Wave Climate 
Wave transformation has been undertaken using DHI’s two dimensional (2D) numerical 
wave transformation model MIKE21 SW (Spectral Wave) which propagates waves from 
deep water into nearshore areas. Details of this process are provided in Volume 4 of this 
report.  
 
The transformed nearshore wave roses are presented in Figure 3-2 and Figure 3-3. 
Figure 3-2 illustrates the sheltering effect that the East Cape has on wave conditions at 
study site. Figure 3-3 presents the wave roses of waves extracted at water depths of ap-
proximately 20m and 15m (referred to Mean Sea Level - MSL) in the region close to 
Opotiki.  

 
 

Pt 1 Pt 2 

Pt 3 Pt 4 
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Figure 3-2 Significant Wave Height (Hs) of the offshore and transformed nearshore waves  

 
 
Figure 3-4 and Figure 3-5, show that the wave climate at Opotiki is very seasonal. From 
January to April the dominant wave direction is from the north east and is probably pre-
dominantly swell generated waves. From August to November the waves are probably 
wind generated with a dominant wave direction from the north west.  
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Figure 3-3 Significant Wave heights at extraction points at 20m and 15m depths (MSL) 



     

 
 

50073-Opotiki-Vol2-MainModellingReport-04.doc 14 DHI Water & Environment 
 

 

Figure 3-4 Monthly wave heights (Hs) from 20m contour (January- June). 

January February 

April March 

May June 
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Figure 3-5 Monthly wave heights (Hs) from 20m contour (July- December). 

July August 

October September 

November December 
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3.1.3 Extreme Wave Heights Analysis 
An extreme wave height analysis was performed on the hindcast offshore wave data and 
on corresponding transformed wave data extracted from the regional wave model at the 
20m MSL contour at Opotiki. The omni-directional significant design wave heights re-
sulting from the analysis are provided in Table 3-1. 

Table 3-1 Omni-directional extreme wave at Opotiki.  

 

 

 

Extreme sea levels were estimated by NIWA at the Mt Maunganui shoreline, (NIWA, 
2006).  The extreme sea level is a combination of highest astronomical tide (HAT) and 
storm surge. Using the tidal gauge at Moturiki Island (at Mt Maunganui), the annual ex-
ceedance probabilities of extreme sea levels were calculated. These are presented in Table 
3-2. The HAT was calculated as 1.05m MSL.  

Table 3-2 Annual exceedance probabilities for extreme sea levels for Moturiki Island  

 

 
  
 
 

 

 

To determine the extreme wave heights that are likely to be experienced by the training 
wall / breakwater structures, the 20m MSL contour extreme wave heights were used as 
boundary conditions for a local MIKE21 SW model and the resulting extreme wave 
heights for the 10m, 6m, and 5m MSL contours were extracted. The regional model was 
not appropriate as the model resolution was not sufficiently high to accurately resolve 
the waves for the Opotiki area. The wave direction was increased from 330 degrees to 
30 degrees in increments of 10 degrees during the model run, with the model reaching a 
steady state before an increase occurred. The water levels were elevated in each model 
run corresponding to the extreme water level calculated for the return period. The wave 
direction that consistently produced the highest wave heights at the nearshore contours 
was 0 degrees.  The calculated extreme wave heights are presented in Table 3-3.  

 

 

Return Period 
(Years) 

Offshore 20m MSL Contour 
Hs (m) Hs (m) 

5 6.8 5.0 
10 7.4 5.4 
25 8.1 5.8 
50 8.6 6.3 

100 9.1 6.6 

Return Period 
(Years) 

Extreme Sea Level 
(m) 

5 1.31 
10 1.42 
25 1.55 
50 1.78 

100 1.99 
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Table 3-3 Extreme wave heights for 20m, 10m, 6m and 5m MSL contours at Opotiki.  

Return Period 
(Years) 

20m MSL 
 

10m MSL 
 

6m MSL 
 

5m MSL 
 

5 4.98 4.60 3.78 3.43 
10 5.37 4.86 3.86 3.50 
20 5.77 5.10 3.95 3.58 
50 6.27 5.36 4.07 3.70 
100 6.64 5.54 4.18 3.81 
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Figure 3-6 Extreme wave heights for 20m, 10m, 6m and 5m MSL contours at  
Opotiki 

 

Figure 3-6 shows that the waves at the 5 and 6m contours are depth limited. The 
MIKE21 SW model does not include all the breaking processes where waves are 
strongly depth-limited. Hence the extreme wave heights shown above are possibly un-
derestimated and would need to be confirmed by additional calculations.  
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3.2 Coastal Currents 

3.2.1 Astronomical and Meteorological Currents 
An astronomically generated current is produced by the rise and fall of the tide. Mete-
orological generated currents can be created by a range of phenomena such as wind 
stress on the sea surface or density gradients in the water column. 

The expected magnitude of the combined astronomical and meteorological generated 
currents is small (see Volume 4, Section 4), and experience shows that the wave driven 
currents completely dominate in the surf zone. 

3.2.2 Wave Driven Currents 
Breaking waves give rise to a gradient in the so called radiation stresses, which gener-
ally can be split into two components for the surf zone – parallel and perpendicular to 
the coastline. The perpendicular component leads to a setup of the water level, referred 
to as the wave setup, whereas the component parallel the coastline will drive a long-
shore (wave driven) current. An example of the wave driven currents predicted by the 
HD model is presented in Figure 3-7. Note the larger currents across the bar and the 
smaller currents in the depression on the onshore side of the bar. 

 

Figure 3-7 Wave driven currents resulting form Hs = 2.8m, Mean Wave Direction = 25° and Tp = 10s. 

 

3.3 River Flows 

The Waioeka-Otara catchments cover a combined area of 1130km2. The catchment has 
a large percentage of forest cover, and consequently has large capacity to absorb rainfall 
and delay runoff, which reduces flood peaks downstream (EBoP, 1999). Flow discharge 
data is available for both rivers in the catchment. The Waioeka is gauged at the Waioeka 
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Gorge cableway, while the Otara is gauged at Brown’s Bridge. The combined river flow 
data is shown in Figure 3-8 and shows over the last 10 years discharges varying be-
tween 5 and 2000 m3/s. This figure does not include intermediate tributary flows taking 
place between the gauges and the study site. A previous flood study by EBoP (EBoP, 
1999 and 2000) estimates that the additional Waioeka and Otara tributary flows down-
stream of the gauges amount to 13% and 17% of the gauged flows respectively. 

A summary of the monthly combined river flow statistics is provided in Table 3-4. The 
months with the highest flows are June and July and the lowest flows January, February 
and March. December is an interesting month, although the average flow is mid range, 
the average of the maximum monthly flow is comparable to July or June, implying that 
floods are frequent in December.  Excluding January, the monthly averages show that a 
combined flow of 200 m3/s can be expected at least once a month.  

 

Figure 3-8 Combined river flow data (at gauges) 

 

Table 3-4 Monthly combined river discharge statistics (at gauges) 

Month Average Flow 
(m3/s) 

Average of Monthly Maxi-
mum Flow (m3/s) 

January 22 135 

February 20 204 

March 20 218 

April 30 362 

May 44 309 

June 74 548 

July 78 551 

August 49 292 

September 47 290 

October 56 449 

November 40 340 

December 41 548 
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A previous study (EBoP, 1999) analysed historical river data to calculate predicted 
flows for flood events, the results are shown in Table 3-5. The results suggest peak 
flood flows in the Waioeka to be approximately twice that of the Otara.  

 

Table 3-5 Predicted Flood Peaks in the Waioeka and Otara River gauges, m3/s (EBoP, 1999) 

Annual Exceedance 
Probability(%) 

Waioeka River Flow 
(m3/s) 

Otara River Flow (m3/s) 

50 656 327 
20 904 463 
10 1074 562 
5 1279 666 
2 1583 812 
1 1845 932 

0.5 2140 1062 
  

A flood frequency analysis was carried out for the 10 year period April 1997 - April 
2007 using the combined river data. This analysis focused on more frequent flood 
events. The analysis utilized the 15min flow recordings and assumed independence of 
individual events within each 24 hour period. The results are shown in Table 3-6. 

Table 3-6 Flood frequency statistics – Sub-annual events 

Frequency of Flood Event Combined River Flow (m3/s) 

Monthly 282 

3 Monthly 531 

6 Monthly 816 

Annual 956 

 

This data provides a basis on which to base the flood release tests as well as providing a 
comparison of tidal flows to river flows to assess potential flushing capacities at the en-
trance. Where relevant, these flows have been increased to allow for additional tributary 
inflows as mentioned previously. 
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4 COASTAL SEDIMENT BUDGET 

A comprehensive coastal sediment budget is an essential component in understanding 
the overall geo-morphodynamics of the shoreline.  

Generally, the two main driving forces for sediment transport are waves and currents. 
Waves will generate turbulence when breaking, which can bring sediment into suspen-
sion. Breaking waves also drive currents, which combine with other tidal or wind driven 
currents to transport suspended sediment.  

The coastal sediment budget modelling was carried out using DHI’s LITDRIFT, a mod-
ule of the LITPACK coastal process modelling system, which is an industry standard. 
The details of the LITDRIFT modelling are provided in Volume 4. 

4.1 Coastline at Study Site 

A general overview of the study area is presented in Figure 4-1. The sand spit lying on 
the eastern side of the entrance suggests that Opotiki harbour is located in an area with a 
net westwards drift of sediment. To the west is Ohiwa harbour which has an eastwards 
extending sand spit, suggesting that the area of coastline between Ohiwa and Opotiki 
may have a net transport close to zero. 

There are several rivers along the coastline that are large suppliers of sediment to coast, 
however previous reports (Dahm and Kench, 2002 and 2004) believe that the Waioeka 
and Otara Rivers are not large suppliers of sediment. Their estimated delivery of river 
sediment to the river entrance is 15,000 m3/year.  

4.2 Evolution of Shoreline 

The historical profiles surveyed at various locations along the Bay of Plenty coastline by 
EBoP (Refer Vol. 4) indicate that there are periods of accretion and erosion all along the 
coast. The evolution of profile CCS5 in Figure 4-2 is representative of all of the profiles 
with periods of both accretion and erosion. This is better illustrated by Figure 4-3, which 
presents the distance the position of MSL changes between surveys. A positive change 
corresponds to accretion and a negative change, erosion. There is no clear pattern of ero-
sion or accretion for any of the profiles.  
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Figure 4-1 Opotiki harbour entrance area  with typical coastline orientations marked.  
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Figure 4-2  Evolution of beach profile CCS4 (Moturiki datum).  
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Figure 4-3 Distance the position of MSL changes between surveys for profiles CCS1-CCS4 (top) and 
CCS5-CCS7 (bottom). A positive change corresponds to accretion and a negative change, 
erosion.   

 

4.3 Important Processes in Littoral Transport 

Breaking waves in the surf zone are the main source of turbulent kinetic energy, which 
can mobilise and maintain sediment in suspension. Currents driven by waves, tides, 
winds, large-scale pressure differences, etc. can transport the suspended sediment. The 
shape of the cross-shore profile together with the water level determines the cross-shore 
distribution of sediment transport in the surf zone, and the sediment properties are natu-
rally important for the amount of sediment in suspension. 

For given wave conditions, the shape of the cross-shore profile determines the surf-zone 
properties, such as where and how violently the waves break, the width of the breaking 
zone, etc. For sandy beaches, the main factors determining the shape of the cross-shore 
profile are related to the sediment properties, the wave climate and the tidal variation. 
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The wave driven longshore currents and associated littoral sediment transport is highly 
dependent upon the direction of the incoming waves. The longshore currents along a 
beach with straight and parallel depth contours are zero for waves approaching the shore 
perpendicularly, while a maximum is reached for an angle between the waves and the 
shore normal of around 50° in deep water. 

The water level determines where on the beach profile the waves break. If the profile 
slope or sediment properties vary significantly over the cross-shore direction, the sedi-
ment transport can be sensitive to the instantaneous water levels. A higher water level 
will move the surf zone further shoreward, while a lower water level will move the surf 
zone further seaward.  

4.4 Equilibrium Orientation of Coastline 

For a certain “equilibrium orientation” of the coastline (assuming parallel depth con-
tours) the overall transport in the two longshore directions will balance each other out, 
and the net transport will be zero.  

In Figure 4-4 the net and gross transport rates computed by the LITDRIFT model are il-
lustrated as function of the coastline orientation based on the transformed waves. The 
profile used for these calculations was CCS4. The predicted angle of zero net transport is 
approximately slightly larger than 355° (equilibrium orientation of the coastline). The 
profile CCS4 has an orientation of 355°, and the results suggest there will be a small 
westwards net littoral transport of sediment. This supports the visual evidence of a 
westwards oriented spit at Opotiki harbour. The equilibrium orientation for profile CCS5 
is also close to 355°. 

The results suggest it can be assumed that the net littoral transport over a number of 
years is close to zero at the site, which is positive in terms of the long term coastal im-
pacts of building a structure at Opotiki harbour. 

The gross sediment transport (total transport in either direction along the coast) is rela-
tively high, estimated to around 700,000-900,000 m3/year. (See Vol. 4 for details).  The 
transport in one direction can be large before the transport reverses, which can lead to 
significant fluctuations of the coastline (erosion/accretion) on either side of the river 
mouth if the transport is blocked. The gross transport rates are somewhat higher than 
expected, and this has to be taken into account in the impact assessment. 

There are of course uncertainties in the wave climate on which the LITPACK results are 
based, as the calibration of the regional wave model indicates (refer to Vol. 4). The de-
viations between predicted and measured mean wave directions are generally believed to 
be acceptable given the available wind data. If the long-term differences in wave direc-
tions on the higher wave components are more than 5° at a nearshore location (10m or 
so) then it will certainly have an impact on the longshore transport estimates. The devia-
tions seen in the offshore wave directions produced by the regional wave model will de-
crease significantly at nearshore locations (due to less directionality here). The calcu-
lated longshore transport directions and magnitudes and thus the nearshore wave climate 
are partly validated by existing morphological features in the nearshore zone and there 
are no indications that the established sediment budget is out of order. 
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Although a different set of wave data may give a slightly different result, based on the 
available data it can be concluded that the coastline orientation is close to its zero-
transport orientation.  
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Figure 4-4 Variations of the net and gross long shore sediment transport capacity for profile CCS4 as 
function of the coastline orientation. Coastline orientation is defined as the orientation of the 
shore normal with respect to north.  

 

4.5 Distribution of the Sediment Transport Rates 

The cross-shore distribution of the sediment transport rates are illustrated for both CCS4 
and CCS5 profiles with an orientation of 355° in Figure 4-5 and Figure 4-6. The results 
show the eastward transport (light blue) the westward transport (red) and the net littoral 
transport (green).  
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Figure 4-5 Littoral transport results for CCS4 profile with an orientation of 355°. The results show the 
eastward transport (light blue) the westward transport (red), the net transport (green) and the 
gross transport (pink). 

 

 

Figure 4-6 Littoral transport results for CCS5 profile with an orientation of 355°. The results show the 
eastward transport (light blue) the westward transport (red), the net transport (green) and the 
gross transport (pink). 

 

The LITDRIFT results show that the wave driven transport is primarily confined to the 
inner section of the beach where the main wave breaking occurs in water depths less 
than 5m MSL. The prevailing waves are from the NW-NE region therefore a significant 
amount of energy is dissipated when the waves refract reducing the incoming wave 
heights. Most of wave breaking occurs on the bar system(s) that induces a turbulence 
and wave driven currents and sediment transport in this area. It should be noted that tidal 
and ocean currents have not been included in the LITDRIFT simulations, and it is quite 
possible that the additional tidal currents could drive some transport in deeper water. 
This aspect has been simulated in the 2D analysis. 
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The computed net yearly average littoral transport for the profile CCS4 is presented in 
Figure 4-7. As it can be observed there is a variability of the littoral transport due to the 
variable wave condition. The average net sediment transport is relatively small at an es-
timated 7,600 m3/year towards the west, the net transport appears to be mostly west-
wards however there are a couple of years where there is significant transport to the east. 
The values range from 375,000 m3/year (easterly) to 230,000  m3/year (westerly). 

The net westerly transport would lead to a possible long-term build up on the western 
side of any proposed breakwater, and long-term erosion to the eastern side of the exist-
ing breakwater, but the variability between years indicates that this may easily reverse in 
some years. The high degree of variability is confirmed by the observed changes in the 
shoreline of historical profiles. 
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Figure 4-7 Computed net yearly littoral transport for the beach profiles from 1997 till 2006. 

 

Figure 4-8 presents the distribution of the average annual net sediment transport rates 
(m3/yr) for profile CCS4. Waves that approach at an angle normal to the beach produce 
a small amount of sediment transport, whereas waves approaching at an angle will pro-
duce a significant amount of transport. 
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Figure 4-8 Distribution of the average annual net sediment transport rates (m3/yr) for profile CCS4. 

 

4.6 Morphologically Significant Wave Directions 

The distribution of the average annual net sediment transport rates (Figure 4-8) from the 
LITDRIFT runs were used to determine two wave directions that would encourage the 
most littoral sediment transport.  The wave conditions are shown in Table 4-1 and these 
are used in the morphological models as the wave conditions for layout assessments.   

Table 4-1  Wave directions that generate most sediment transport from LITDRIFT results. 

Parameters Wave Scenario 1 Wave Scenario 2 

Mean Wave Direction (º) 25 315 

Significant Wave Height (m) 2.8 2.8 

Peak Wave Period (s) 10 10 
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5 RIVER SEDIMENT BUDGET 

The fluvial sediment transport may form a significant component of the sediment 
budget of the river entrance and therefore needs to be determined. In the discussion of 
fluvial sediment transport it is important to have some common concepts in place, viz.: 

 Wash load: is the fine sediment (clay, silt and sand) carried in suspension in riv-
ers without interacting with the river bed.  

 Bed material load: the coarser sediment – sand and gravel – which may be 
transported either on the bed (as bed load transport) or in suspension, and inter-
acts with the bed, thus contributing to erosion and deposition. 

The distinction between wash load and bed material load is thus not related to grain di-
ameter but whether it has influence on the morphology of the river. This means for in-
stance that (fine) sand carried in suspension in the upper part of the Waioeka River at 
this place will be characterized as wash load whereas it has to be considered bed mate-
rial load once it reaches the estuary. 

In the following a brief discussion of the stability of the river system will be presented 
followed by a presentation of the analyses of the sediment transport in terms of sus-
pended and bed load transport from the river to the coast. 

 

5.1 River Stability 

Earlier studies bring evidence to the stability of the river system in terms of aggradation 
and degradation – the most significant are those of Dahm & Kench (D&K), November 
2002 and EBoP, October 1999. The key findings relevant to the stability of the river are 
summarized in the following. 

Upstream the Otara and Waioeka confluence the river beds consist of pebbles and 
gravel, and are reported to transport large quantities of gravel – most of this however is 
believed to be retained upstream of the confluence (D&K, p 15).  

EBoP reports: 

 Development of many slips in the catchment during the July 1998 flood suggest-
ing that large quantities of gravel will work its way down through the river dur-
ing the following decades. Most of these slips appear to have taken place in the 
Waioeka Catchment. 

 Significant aggradation in both the Otara and Waioeka Rivers and particularly 
during the period 1996-98. In the period 1966 to 1998 the Otara River is re-
ported to have aggraded at an annual rate of 46,800 m3/year, which with an as-
sumed river length and width of 18km and 80 m, respectively, corresponds to an 
average annual aggradation of about 3 cm or about 1 meter during the 32 years 
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period. The corresponding numbers for the Waioeka River are 60,400 m3/s and 
(with L=12.5 km and W=80 m) thus 6 cm/year. 

 Gravel extraction in the Otara and Waioeka Rivers prior to 1998 was about 
2,700 m3/year and 30,000 m3/year, respectively. From 1998 to 2001 consents to 
continue extraction at an unchanged rate in the Waioeka and at a significantly 
higher rate in the Otara (33,000 m3/year) were obtained.  

Recent information on gravel extraction received from EBoP suggests extraction rates 
of 2,700 m3/year and 29,000 m3/year during 1996-2006 in the Otara and Waioeka Riv-
ers, respectively. EBoP also reports supply rates of 25,600 and 30,000 m3/year in the 
two rivers thus suggesting that the supply exceeds the extraction in the Otara River and 
that supply and extraction balance in the Waioeka River. It is therefore concluded that 
the Otara River is aggrading while the Waioeka River is stable. This reasoning, how-
ever, only holds if it assumed that no gravel is transported to the coast. The presence of 
gravel in the entrance of the Opotiki (at level -4 m MSL as evidenced by the bore hole 
samples), however, suggests that floods do transport gravel all the way to the coasts. 

The cross-sections surveyed in 1996 and 2004 have been compared and the changes 
calculated. To this end the cross-sectional area below a characteristic level has been cal-
culated in all surveyed cross-sections. The characteristic level in each cross-section has 
been determined by simulating a water surface profile for a flow condition more or less 
corresponding to bank full discharge (in practice the level calculated 2/7/1998 for a dis-
charge of approximately 200 m3/s in the Waioeka and 100 m3/s in the Otara River). The 
difference in cross-sectional area thus represents the erosion or aggradation below the 
bank full level. The results are presented in Figure 5-1 and Figure 5-2. It is seen that the 
Otara River is stable in the upper reach, aggrading between Chainage 5000 and 12500 
and stable in the lower reach (below Chainage 12500). In contrast the Waioeka River 
appears to erode in the upper and lower reaches while stable in the central part.  

The total aggradation in the Otara River can be integrated to 150,000 m3 corresponding 
to about 20,000 m3/year. In the Waioeka River the total erosion amounts to close to 
600,000 m3 or 70,000 m3/year – mainly due to the large erosion in the lower 2 km be-
fore the confluence. It should be mentioned that especially at the downstream end of the 
river system one would expect large temporal variation of cross-sectional area, viz. 
large cross-sections after floods and small cross-sections after a long flood-free period. 
The large erosion before the confluence apparent from Figure 5-1 may therefore repre-
sent short term changes rather than a consistent trend.  

From the above it appears that it is difficult to derive any consistent trend, but it is clear 
that the river is very dynamic and gravel extraction is significant compared to the natu-
ral transport in the river, hence extraction also has significant influence on the develop-
ment of the river. 
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Figure 5-1  Cross-sectional area below a fixed water surface profile in the Waioeka River. 
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Figure 5-2 Cross-sectional area below a fixed water surface profile in the Otara River. 

 

5.2 Suspended Sediment 

Data on suspended load concentrations have been made available by NIWA for the pe-
riod 1979 to 1984 in the Otara River (Browns Bridge) and for the period 1963 to 1996 
in the Waioeka River (George Cableway). EBoP has also provided data from the same 
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locations for the period 1990-2007 (Otara) and 1995-2007 (Waioeka). The data origi-
nates from fairly steep reaches of the rivers, hence the suspended load can for all practi-
cal purposes be considered to be wash load. When the sediment reaches the estuary and 
the entrance a part of this may be characterized as bed material load. The data are plot-
ted against the observed discharges at the time of sampling in the figures below. 

In Figure 5-3 and Figure 5-4 best power approximations to the data are also presented 
using all data and using the NIWA data only. It is noticed that the NIWA data in the 
Waioeka River includes significant flow events, while almost all the EBoP data repre-
sent low flows. It is also noticed that almost all high flow observations are situated 
above the best power approximation hence underestimating the transport at high flow 
which delivers the bulk part of the sediment to the cost. To explore this discrepancy fur-
ther a best fit using the observations with discharge greater than 50 m3/s has been made 
and presented in Figure 5-5. It is seen that the best fit line is much steeper and in better 
agreement with the data. Too few data are available for Otara to make a similar best fit 
line for high flow observations. 

Using the various best fit data for sediment concentrations the sediment transport (being 
the discharge multiplied by concentration) has been calculated and integrated for the en-
tire discharge series available as well as for the 100 year flood hydrographs at Browns 
Bridge and Waioeka Cableway. The results are presented in Table 5-1. 

The underlying assumption is that all sediment at Browns Bridge and Gorge Cableway 
reaches the sea, which is a conservative assumption since some part of the sediment will 
built-up the flood plains (through deposition) during floods. 
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Figure 5-3 Observed suspended sediment concentration and discharge in the Waioeka River. 
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Otara River: Sediment Rating
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Figure 5-4 Observed suspended sediment concentration and discharge in the Otara River. 
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Figure 5-5 Observed suspended sediment concentration and discharge in the Waioeka River – best fit 
using high flow data only. 

 
 
 

 



     

 
 

50073-Opotiki-Vol2-MainModellingReport-04.doc 34 DHI Water & Environment 
 

Table 5-1 Calculated total (clay, silt and sand) suspended load assuming density of 2650 kg/m3. 

 

 

5.3 Bed Load Transport 

The bed sediment in the Otara and Waioeka Rivers upstream the confluence mainly 
consists of gravel and pebbles. As evidenced by the coarse sediment found in the bore 
holes at the entrance some of this sediment will reach the coast during high flow events, 
but most of this is likely to be trapped further upstream. To estimate how much of the 
coarse sediment reaching the entrance a MIKE 11 graded sediment transport (GST) 
model was established for the lower part of the river system. The details of the model-
ling are provided in Volume 4, Section 6. The corresponding model result is presented 
in Table 5-2 which summarises the simulated bed load arriving at the coast. 

Table 5-2 Simulated sediment transport (bed load) by size fractions in m3 (m3/year in last line) 

1 2 3 4 5 6
WAIOEKA OTARA ENTRANCE 0.175 0.35 0.71 1.41 2.83 16 All
100 year 20 year 20 year 655 5,319 1,216 262 318 496 8,266
20 year 100 year 20 year 401 3,469 739 104 137 216 5,068
100 year 20 year normal 1,359 9,595 2,555 921 1,056 1,947 17,433
20 year 100 year normal 787 6,483 1,457 290 378 1,044 10,439

no tide 66 511 123 34 56 236 1,026

Event

recorded flow1980-2005

Fraction no / diameter (mm)

 
 
 

5.4 Discussion of Results 

As shown in Table 5-1, there is a large variation in the estimates for the total sediment 
transport occurring during the 100 year flood ranging from about 0.5 mill m3 to 5.9 mill 
m3. The latter value, although based on what appears to be the best fit of the high flow 
data only, is not very realistic. During the 100 year flood the discharge reaches close to 
2000 m3/s which according to the relation in Figure 5-5 should yield a sediment concen-
tration close to 200 g/l, which is extremely high. Moreover, the high transport of 5.9 
million m3 corresponds to an average degradation of the entire catchment of about 8 mm 
(assuming a porosity of 0.4) – also an unrealistically high value. Neither the high con-
centration nor the large degradation is consistent with the dense vegetation found in the 
headwaters of the river basin. The high concentration may indeed occur, but only for 
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very short period of time. The estimates based on the high flow data only are therefore 
deemed too unrealistic and are not used further. 

The values in Table 5-1 represent the total transport of suspended load. This will be a 
mixture of clay, silt and fine sand. The clay and silt is not likely to have any significant 
influence on the morphology of either the river or the coast. To estimate the sand frac-
tion of the values presented in Table 5-1 only very few data are available (in fact only 3 
samples in the Waioeka River). These samples suggest a sand fraction of between 16% 
and 22%, where here the standard definition of the sand fraction in total sediment load 
is used, ie constituting grain sizes greater than 63 μm (0.063mm). Hence it can be as-
sumed as a first estimate that (fine) sand constitutes around 20% of the suspended sedi-
ment load.  

Additional information on the size distribution of the suspended sand transport can be 
evaluated from data presented by NIWA (NIWA, 2006) suggesting that 73.4%, 85.1%, 
93% and 98% of the transport are finer than 63 μm, 125 μm, 250 μm, and 500 μm, re-
spectively. Using these values and assuming a combined transport in the Waioeka and 
Otara River of 535,000 m3 during a 100 year flood, with a density of 2.65 tons/m3 the 
transport of the various size fractions can be evaluated as shown in Table 5-3.  

Table 5-3     Estimate suspended sand transport – 100 year flood event 

Transport (m3) Transport (m3)
D (μm) coarser than D of size D

63 140,528 61,811
125 78,717 51,774
250 36,981 34,075
500 10,566 26,415  

 

During flood conditions the flow velocities will be very high in the entrance implying a 
high transport capacity particularly. of the finer sand fractions. Part of the suspended 
sand transport will therefore have no impact on the morphology of the entrance during a 
flood event. To evaluate this, the sediment transport capacity of the entrance section has 
been calculated for a 1 in 100 year flood event. For simplicity the calculations have 
been based on the velocity calculated in the entrance with the 2D morphological model 
and assuming a rectangular entrance section with width of 100 meter and depth of 7 me-
ter. The results are shown in Table 5-4 for different grain sizes and for different trans-
port formulas. 

Table 5-4  Estimated Sediment Transport Capacities at the Opotiki Entrance – 100 year flood 

Transport (m3) Transport (m3) Transport (m3)
D (μm) Engelund Fredsøe Achida and Michiue Engelund Hansen

63 99,216,160 56,510,220 1,319,625
125 33,061,178 10,815,988 665,091
250 3,192,115 1,858,733 332,546
500 234,264 390,178 166,273  
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Firstly, it is noticed that the calculated transport capacity of the finest fractions varies up 
to one order of magnitude while the transport capacity of the coarser sand fractions 
tends to converge. The explanation for this is that the combination of very fine sand 
with very high velocities (in excess of 2 m/s) is beyond the area of applicability of most 
sediment transport theories. Nevertheless, irrespective of the sediment transport theory 
used, the transport capacity of the finer fractions (less than 250 μm) can be considered 
to be wash load having no significant influence on the morphology of the entrance. The 
reasoning behind this conclusion is that the sediment transport capacity of the 63 μm 
and 125 μm sediment sizes (Table 5-4) far exceeds the incoming supply (Table 5-3). At 
the 250 μm sediment size and above, the supply is not insignificant compared to the 
transport capacity at the entrance and therefore cannot be ignored.  

It is concluded therefore that only 7% of the total suspended load, representing grain 
sizes larger than 250μm, is morphologically significant at the river entrance and has to 
be considered in the modelling of the entrance morphology, while the remaining 93% is 
assumed to be fine sand, silt and clay that will not contribute to morphological changes 
in the entrance. Application of this fraction to the total annual transport rates in Table 
5-1 gives the following estimates of river sand arriving at the entrance, as shown in Ta-
ble 5-5. 

Table 5-5   Estimated suspended sediment transport volumes to the river entrance (m3) 

 Period – Flood Event 
Annual 

(m3/year)
20 year 

(m3) 
100 year 

(m3) 
Otara 980 1,510 3,380
Waioeka 8,330 13,240 35,960
Total 9,310 14,750 39,340

 

The MIKE 11 GST model (see Vol. 4 for details)  predicts, using the transport model of 
Sato, Kikkawa and Ashida, an annual bed load transport to the coast of only 1,000 
m3/year, which is substantially smaller than the transport further upstream.  

This is consistent with the assumption that most gravel and pebbles deposits before it 
reaches the entrance. However during extreme flood events (100 year on the Waioeka 
and 20 year in the Otara) the volume of sediment bed load reaching the coast can in-
crease to almost 17,500m3. 

The total annual suspended and bed load arriving at the coast is therefore estimated as 
approximately 10,300m3. This compares to a figure of 15,000m3 estimated by Dahm 
and Kench (Dahm and Kench, 2002). 

During a 100 year flood event the total suspended and bed load delivered to the coast is 
estimated to be 55,000m3. 
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6 RIVER MOUTH IMPROVEMENT OPTIONS 

The intention of the river mouth improvement works is to produce an economically vi-
able solution for a permanent navigable river channel to allow safe navigation while 
minimising impacts and avoiding an increase of water levels during flooding events.  

6.1 Layout Options Development 

DHI previously performed a preliminary assessment of six different layouts (refer Vol. 
5, Annexure 2). These are reproduced in Figure 6-1 below for convenience.  

 

Figure 6-1 Investigated river mouth training layouts 
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All training structures have the main purpose of preventing influx from the littoral se-
diment transport into the navigation channel between the river and the sea, thereby us-
ing the tidal flushing and the river discharge to keep the channel flushed open. 

There are numerous possibilities of different types of structures, and the following sec-
tion will briefly summarise some of the pro and con of the investigated types, lengths 
and locations. For further details refer to Vol. 5, Annexure 2. 

Structure Type 
The layouts considered can be divided into two main categories: 

1. Parallel structures 

2. Symmetrical or asymmetrical curved structures incorporating an outer basin be-
tween the existing shoreline and the breakwater entrance. 

The parallel structures generally provide channel training to a certain depth with the 
shortest length of breakwater; they fix the channel alignment and are generally expected 
to provide sufficient flushing to ensure the required navigation depth. In particular long-
er parallel structures do, however, potentially lead to backwater effects, and the entire 
length of breakwater is potentially exposed to severe scouring during extreme discharge 
events. These two negatives can potentially be alleviated by the application of low train-
ing dykes in an overall wider channel. 

Symmetrical or asymmetrical curved layouts have significant advantages over parallel 
structures in terms of navigation by providing significant room for maneuvering in the 
outer basin, gradual exposure to the incoming waves and often less abrupt changes in 
current directions. The breakwater volumes are generally higher than parallel structures, 
but only very short lengths of the breakwaters will be exposed to severe scouring. These 
layouts confine the flow less than the parallel structures, thus leading to lower backwa-
ter effects but higher potential risk of sedimentation in the outer basin depending on se-
diment supply in the river. 

The curved structures promote sediment bypass whereas the parallel structures tend to 
block all transport. These structures also generally protect a stretch of coastline such 
that the risk of breach of the sand spit(s) is eliminated or reduced. 

Structure Length (Entrance Area Depth) 
The entrance of the structures was originally intended to extend out beyond the surf 
zone for the following main reasons: 

 To avoid breaking waves at the entrance 

 To avoid significant sediment transport seaward of the entrance and associated 
risk of sedimentation. 

 To provide buffer seaward of the entrance for sediment discharged from the   
river. 
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However, concerns over the capital costs have led to the consideration of shorter struc-
tures. Shorter structures will clearly have a higher risk of some downtime, and potential-
ly also higher risk of some maintenance requirements due to sedimentation. On the oth-
er hand, it is considered likely that shorter structures can provide a significant 
improvement over existing conditions, and it is possible that shorter structures may be a 
more viable option if the “full” breakwater solutions become prohibitively expensive. 

Entrance Location 
The existing river channel tends to emerge at a significant angle to the coast compared 
to the shore-normal direction. Deviating from this flow direction tends to force the flow 
to turn and give rise to severe scouring at the structures, whereas following the natural 
orientation means longer breakwater are required to reach a depth of water. Further-
more, a shallower delta exists in front of the current river mouth. 

It has therefore been considered to relocate the entrance by cutting through the existing 
sand spit, which will slightly shorten the river channel and provide more direct access to 
deeper water. The preliminary modeling has shown that some layout optimization is re-
quired to obtain a “smooth” flow pattern. 

It is necessary to consider the environmental and cost implications in terms of dredging 
and sealing the existing entrance to evaluate the overall feasibility of the potential en-
trance relocation. 

6.2 Layouts for Detailed Design 

After consultation with ODC and other involved parties it was decided to carry two op-
tions forward for more detailed modelling, Option D and Option F. The layouts of the 
breakwaters for these two schemes are shown in greater detail in Figure 6-2 and Figure 
6-3, respectively.   

Both schemes would include dredging of a channel through the sand spit and closing of 
the existing channel. The relocation of the entrance is proposed for a number of reasons 
including: 

 To minimise hydraulic losses therefore reduce water levels during flood events 

 To obtain a channel more perpendicular to the coastline without introducing too 
large a curvature and risk of scouring near to the structures. The perpendicular 
structures will reach a desired depth with minimal length of breakwater. 

 To shift the structures away from the existing delta, which also simplifies the 
construction. 

It should be noted that for reasons of capital cost savings, both options are shorter than 
those originally suggested by DHI as the best options in terms of maintaining the chan-
nel at an acceptable depth and providing safe navigation conditions. For this reason, the 
criteria for navigation within the channel may not always be achieved. This was ex-
plained to ODC and accepted as a necessary compromise for the feasibility of the pro-
ject. 
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Figure 6-2 Option D layout 

 

 

Figure 6-3 Option F layout 
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6.3 Performance Criteria and Failure Risks 

To evaluate the overall performance and potential failure risks of the river mouth train-
ing works, basic criteria for the performance and failure have to be defined. Some of the 
main requirements are outlined below together with a brief overview over the potential 
failure modes.  

6.3.1 Navigational Requirements 
The navigational requirements are critical for the evaluation of design and performance 
criteria, and therefore have a large bearing upon the project costs and economic viabil-
ity. The navigational requirements are tied closely together with the size and type of 
vessel. An initial assessment showed that design for large draft and all weather access 
was unlikely to be economically viable, and an assessment of the navigational require-
ments for the main users was therefore carried out (Duffill Watts, 2007a, also see Vol. 
5, Annexure 3). This led to the following depth and climatic criteria:  

 Depth of 4.4m at mid-tide within the entrance channel1 over a minimum width 
of 60m 

 Access for wave heights of up to 2m.  

Safe navigation is not determined by available depth and wave heights alone. Wind and 
current hazards such as e.g. strong current gradients can also cause downtime. The 
winds have not been considered but currents patterns have been assessed through the 
modelling.  

It is noted that the present study focuses on the river mouth area for which it is intended 
to ensure sufficient flushing to maintain the channel at an acceptable depth. It cannot be 
guaranteed that the channel between the improvement works structures and Opotiki 
Wharf will remain at this required depth. This is not the function of the structures as it 
cannot directly control flow upstream.  However the conditions upstream of the struc-
tures will be calmer and the depth requirement that has been outlined is likely less criti-
cal upstream of the improvement works. 

6.3.2 Failure Risks 
Notable risks of failure that have to be considered in the overall assessment include: 

 Failure to fulfil navigational requirements, i.e. excessive downtime due to sedi-
mentation or dangerous navigational conditions 

 Flood impacts (it is considered a failure if improvement works lead to signifi-
cantly increased flood risks and levels). 

 Structural failure 

The navigational aspects and flood impacts are addressed in following Sections, while 
the model study provides input to design wave heights and scouring for the structural 
assessment which is described in Volume 3 of this report.  

                                                 
1 It was later suggested the navigation depth could be reduced to 3.7m 
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7 LAYOUT ASSESSMENT - NAVIGATION   

As outlined in Section 6.3.1, a separate navigation assessment established the following 
criteria in terms of navigation requirements: 

 Depth of 4.4m at mid-tide within the entrance channel over a minimum width of 
60m 

 Access for wave heights of up to 2m.  

The main navigational hazards and downtime are caused by: 

 Sedimentation leading to insufficient water depths, shifting channel dimensions 
and alignment, sand bars, etc. 

 Dangerous wave conditions, in particular in shallow areas with wave breaking, 
broadsided waves in confined areas, etc.  

 Strong, swirling currents can pose a serious hazard, in particular in combination 
with large waves. Currents can typically be tide, ocean and wave generated. 

 

Each of these aspects has been evaluated for the two layouts through the numerical 
modelling. It was later suggested the navigation depth requirement could be reduced to 
3.7m depth below MSL (Duffill Watts, 2007b). It was not possible top include this re-
quirement as part of the detailed modelling, but a preliminary assessment of the effects 
of a smaller navigation depth are made in the conclusions to this report. As it is antici-
pated that a channel can scour seaward of the structures, it has been decided to design 
the layouts with structures extending to about -4 m MSL in order to minimise costs as 
far as possible. 

7.1 Sedimentation 

Both Layout D and Layout F are designed with structures extending out to a depth of 
about -4 m MSL. With the choice of short training structures with the breakwater en-
trance well within the surf zone during rougher sea states, sedimentation has become  
potentially a much more severe problem than it would likely have been for longer struc-
tures. For structural solutions extending beyond the surf zone, it is expected that the in-
flux of sediment from the sea will be limited and a stable channel is maintained during 
periods of limited river flow. For shorter structures, there is a risk that sediment influx 
from the sea will cause sedimentation within the area sheltered by the structures during 
low river flow conditions. 

With the short structural solutions, there is also a greater risk of siltation at the entrance 
area. The littoral sediment transport will tend to bypass the structures, but current sepa-
ration at the entrance area may lead to sedimentation here. Finally, there is a risk that 
sediment discharged from the river during high flow events can lead to delta formation 
at the entrance area, with the delta forming more rapidly in shallower water for short 
structures compared to the deeper water available at the entrance of longer structures. 
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The complex morphological evolution has been the main focus of the numerical model-
ling and is reported in the following chapter. 

7.2 Wave Exposure 

Samples of wave penetration at the entrance areas for layout D and F are illustrated for 
waves from 0 and 330 degrees with significant heights of around 2 m at the entrances in 
Figure 7-1 and Figure 7-2, respectively. 

 

 

Figure 7-1 Samples of wave penetration for Option D and F for waves from 0 degrees. 
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Figure 7-2 Samples of wave penetration for Option D and F for waves from 330 degrees. 

 



     

 
 

50073-Opotiki-Vol2-MainModellingReport-04.doc 45 DHI Water & Environment 
 

It is noted that the SW model applied is not entirely suited for wave penetration simula-
tions as it does not take into account wave diffraction and reflection, but the model re-
sults can  be used as an indication of conditions within the trained entrance. A more de-
tailed analysis would require the use of a Boussinesq Wave model which is more suited 
to wave penetration studies. 

The entrance areas for short structure solutions are exposed to breaking waves, which 
can be a navigational challenge to small vessels. For the specified “design wave” in 
terms of navigation of 2m, there will be breaking waves at the entrance at low tide. 

Discounting potential sedimentation within the structures and at the entrance area, both 
options will lead to a significant improvement over existing conditions. For existing 
conditions, the complex wave refraction over the delta combined with current influence 
on waves from ebb tide currents as well as wave driven currents can lead to a complex 
wave field in the entrance area with waves approaching from a wide directional spec-
trum. This can, in combination with potentially strong currents and shallow water lev-
els, lead to hazardous conditions in rough weather. Both improvement options will lead 
to a more uniform wave field within the structures and push the entrance area out be-
yond the most complex wave fields for significant wave heights lower than the design 
wave height of 2m for navigation. 

Option D will be susceptible to wave penetration for waves approaching close to shore 
normal. Waves will diffract around the breakwater heads and dissipate over the internal 
beaches. Past studies have shown that as a rough weather haven it will still perform 
adequately with disturbance coefficients at 0.30 or better. The wide basin inside the 
breakwaters gives small vessels plenty of manoeuvring room to align themselves with 
the prevailing wave conditions before leaving the sheltered area. 

Waves can be reflected between the breakwaters of Option F and travel into the chan-
nel. The opposing currents on ebb tide can cause a considerable steepening of the waves 
within the channel and at the channel entrance in particular, which could be hazardous 
to small boats.  

Assuming adequate depth for navigation within the structures, option D is preferable in 
terms of navigation in rough wave conditions. The wide basin and wave absorbing 
beaches lead to less wave reflection and better room to adjust and abort than Layout F. 

As demonstrated in Section 8, these advantages of Layout D may be reduced or elimi-
nated by potentially severe sedimentation within the breakwater basin. 

7.3 Navigational Currents 

Both options will improve the navigational conditions over the untrained river mouth 
with respect to current exposure. The untrained river mouth is subject to potentially 
strong and complex current fields, both from tidal flushing through the river mouth and 
from wave driven currents along the coastline and over the tidal delta.  

Figure 7-3 and Figure 7-4 present typical samples of combined wave and tidal driven 
currents in the presence of a relatively rough wave field (Hs = 2.8m, Mean Wave Direc-
tion = 25°) and low river flow conditions. 
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Figure 7-3 Typical ebb tide currents including wave driven currents for Hs = 2.8m,  = 25. 
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Figure 7-4 Typical flood tide currents including wave driven currents for Hs = 2.8m,  = 25. 
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The tidally generated coastal currents are weak, and current conditions at the entrance 
are dominated by four contributions: 

 Wave driven currents during rough wave conditions 

 Tidal flushing through the entrance 

 River discharge 

 Wind driven ocean currents 

The relative strength of these varies with climatic conditions (winds, waves, rainfall) 
and the tidal stage (neap/spring). This leads to complex and very variable current condi-
tions at the river mouth. 

Figure 7-3 and Figure 7-4 show samples where relatively strong wave driven currents 
are combined with tidal currents through the river entrance at flood and ebb tide.  

Peak ebb tidal currents within the curved breakwaters of Option D are in the order of 
0.5 m/s. There is an eddy present for the flood tide with current speeds approaching 1 
m/s at the entrance as a result of the interaction with the wave driven currents; however, 
there is sufficient space available within the breakwaters to make any necessary adjust-
ments in vessel course, such that the significance of the eddy is not considered high, as-
suming sufficient water depth for navigation within the basin. If, however, the basin has 
shallowed due to sedimentation, navigation could be more challenging.  

For Option F the peak ebb tide currents are weak (less than 0.5 m/s assuming the design 
depth). The interaction with the wave driven currents leads to a strong gradient in the 
current field with speeds approaching 1 m/s turning through 90 degrees over a short dis-
tance of less than 100 m. This is a challenging condition, in particular considering that 
the strong current gradients are situated in the most exposed location in terms of waves. 
Such conditions will be challenging for most vessels, and in particular for vessels of 
limited manoeuvrability.  

On ebb tide, the currents at the entrance area show much less curvature and it is possible 
to steer into any incoming sea. The ebb tide flow may lead to wave steepening at the en-
trance area, depending on the incoming wave direction. Waves approaching from the 
north for Option D and 330 degrees for Option F are likely to lead to the largest degree 
of wave steepening.   

Figure 7-5 and Figure 7-6 present currents during a monthly flood event for Option D 
and Option F. For both Options the peak currents are only in the order of 0.8m/s. A 
1m/s opposing current is readily navigable by the types of vessels that would utilise the 
river mouth. This means current conditions during a monthly flood event would still be 
acceptable for navigation.   

In summary, both options lead to improvements over the existing conditions. Assuming 
sufficient depth for navigation, Option D is considered fully navigable for current com-
binations with wave generated currents corresponding to wave heights in excess of the 
set criteria for navigation of 2 m.  

For Layout F, strong current gradients due to the interaction with the wave driven cur-
rents will lead to challenging and potentially hazardous conditions for less manoeuvra-



     

 
 

50073-Opotiki-Vol2-MainModellingReport-04.doc 49 DHI Water & Environment 
 

ble vessels at the entrance on flood tide. The conditions are worst for large waves ap-
proaching at an angle of at least 15 degrees to the coastline normal, and should only 
pose a problem during stronger flood tide conditions with limited river discharge. The 
combination of sufficiently large waves at an angle to the coast combined with rela-
tively strong flood tide currents is expected to occur less than 2 % of the time. 

Overall, Layout D performs better in terms of navigational currents for the design lay-
out, but this advantage may be diminished by the sedimentation aspects which are dis-
cussed in the following chapter.  

 

Figure 7-5 Current field during a monthly flood event. 

 

 

Figure 7-6 Current field during a monthly flood event. 
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8 LAYOUT ASSESSMENT - MORPHOLOGY 

The main risks for failure of the proposed river mouth improvement options are related 
to the morphological development and flood impacts, and the main focus of the numeri-
cal study has been on these subjects. 

As outlined here, the choice of short training structures rather than structures that extend 
beyond the surf zone under most conditions has greatly complicated the morphological 
assessment.  

Three main aspects have been investigated in relation to the morphological simulations: 

 Sedimentation and flushing under various scenarios 

 Flood discharge with scouring for extreme river discharge events. Flood impacts 
are further investigated in Section 11.1. 

 Breakdown of the delta formed by extreme discharge event seaward of the en-
trance area.  

In addition to sedimentation and flooding issues, the simulations have also been used to 
address scouring issues at the structures for input to the design. 

With the complex relation between the littoral transport, tidal flushing and river flow, 
there are a very large number of variations between the various parameters which can be 
investigated. As many of the simulations involve long term simulations in a fully cou-
pled morphological model, simulation times are long, and the number of possible sce-
narios has thus been limited. The simulated cases are briefly outlined below: 

1. Prolonged low flow conditions in the river combined with relatively rough wave 
conditions to investigate: 

a. Potential sedimentation within the river due to sediment ingress from the 
sea during low flushing conditions. 

b. Potential sediment bypassing and/or development of shoal at entrance 
area. 

c. Coastline development for longer term simulations with sediment trans-
port in one direction. 

2. Higher flow conditions in the river following a long term simulation with low 
flow conditions. Three different short term flood conditions have been simu-
lated to: 

a. Investigate required river flow for flushing of accumulated sedimenta-
tion after prolonged low flow conditions. 

b. Investigate flushing patterns and identify areas that flush poorly. 

3. One year simulation for “representative” combinations of tides, waves, and 
river flows to investigate: 
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a. Long term dynamics under “representative” climatic conditions. 

b. Water depths maintained in layouts relative to navigation depths. 

4. Extreme flood discharge simulation to investigate: 

a. Potential flood impacts of the two options. 

b. Scouring during an extreme discharge event 

c. Build-up of tidal delta seaward of entrance 

5. Delta breakdown after and extreme flood event. A relatively rough wave condi-
tion (similar to 1. above) has been run after the flood event in (4) above, to in-
vestigate: 

a. The breakdown of a major ebb tide delta 

b. Impacts on navigational depths during this process 

 

Each of the 5 scenarios outlined above are described in some detailed in the following 
sub-sections. 

8.1 Prolonged Low River Flow with Adverse Wave Climate 

During a period of low river flow, the navigation channel will rely predominantly on the 
tidal exchange to keep the channel scoured to a depth which is acceptable for naviga-
tion. However during these periods it is possible that with the shorter length structures 
sedimentation will occur in the channel or at the entrance as a result of wave driven cur-
rents transporting sediments from the surf zone to the entrance and into the channel dur-
ing flood tide. If the ebb tide currents are not strong enough to re-suspend this sediment 
and transport it out through the entrance, it will continue to build up.  

8.1.1 Model Setup 
The two wave scenarios defined in Table 4-1 were simulated for both training wall op-
tions. The results are similar, and only the results of wave scenario 2 have been pre-
sented here. The river inflows were zero to simulate a worst case scenario.  

An initial offshore bathymetry was created for both options (see Figure 8-1 and Figure 
8-2) with the assumption that enough time would have elapsed since construction for 
the break up of the existing delta and the formation of beaches on the outer walls of 
both options and the inner walls of Option D. Hence it was assumed the initial offshore 
bathymetry represented the new equilibrium conditions after construction. Both 
bathymetries were dredged to a depth of -4.4m MSL within the training wall structures.  
A uniform sediment diameter of 0.3mm was used. 

The model was run for a period of 10 months. In order to reduce the model simulation 
period for a scaling factor has been applied to the model. A morphological scaling fac-
tor of 10 has been applied, basically meaning that the update of the bathymetry is multi-
plied with a factor 10. The water level variations cannot be scaled, as this would obvi-
ously lead to wrong current simulations, but the wave and river discharges have been 
scaled in time with a similar factor to adjust and simulate the full 10 month period. 



     

 
 

50073-Opotiki-Vol2-MainModellingReport-04.doc 52 DHI Water & Environment 
 

After the model simulation it was found that the initial offshore bathymetry was not sta-
ble, and that a significant amount of sediment has moved from its initial state. The 
model run was therefore repeated, using the offshore bathymetry achieved after the end 
of the first run and the bathymetry within the training walls again dredged to -4.4m. 

 

 

Figure 8-1 Option D initial bathymetry. Thick black contour is -4.4m MSL. 

 

 

Figure 8-2 Option F initial bathymetry. Thick black contour is -4.4m MSL.  
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8.1.2 Option D Results 
The resulting bed level for Option D is shown in Figure 8-3. Figure 8-4 shows the cor-
responding erosion/deposition patterns, while Figure 8-5, Figure 8-6 and Figure 8-7 
show samples of current, wave and sediment transport patterns corresponding to the 
simulated wave conditions on the resulting bathymetry. 

Some of the significant observations from these results include: 

 The breakwater entrance is well within the surf zone and the sediment transport 
stretches far seaward of the entrance. 

 There is significant scouring at the training wall entrance and to the east of the 
breakwater entrance caused by the current acceleration around the breakwater 
structure occurring here. 

 The strong currents past the entrance drive a circulation current inside the 
breakwater basin, which leads to significant ingress of sediment and sedimenta-
tion within the basin. 

 Sedimentation within the basin has been concentrated along the western break-
water and towards the eastern internal beach. The change in bed levels in Figure 
8-4 shows that the levels here have increased by up to 2.5m. 

 A navigation channel through the outer basin with the required depth of -4.4 m 
MSL has almost, but not quite been maintained. The channel is not straight but 
tends to meander due to the consistent wave and current conditions. 

 The wave penetration into the basin is significant, but this is for a relatively wide 
entrance opening and wave conditions well in excess of the navigation criteria. 

 Despite the strong wave conditions, currents within the basin are considered ac-
ceptable from a navigation point of view although the available space for course 
adjustments has been reduced due to sedimentation. 

 A bypass mechanism has formed with a bar building out on the updrift (east) 
side of the entrance but the acceleration past the entrance preventing sedimenta-
tion here, just maintaining clear navigation past the entrance area. 

 There has been a build-up of the beach on the updrift side and erosion on the 
downdrift side. 

Whereas this simulation with consistent, strong wave conditions from one direction for 
such a long time obviously is not realistic, the simulation demonstrates that sedimenta-
tion is likely to occur within areas of the outer basin primarily away from the main 
channel alignment.  
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Figure 8-3  Option D bed level after 10 months. Hs = 2.8m, Mean Wave Direction = 25° and Tp = 10s. 
Thick black contour is -4.4m MSL. 

 

 

Figure 8-4 Option D bed level change after 10 months. Hs = 2.8m, Mean Wave Direction = 25° and Tp 
= 10s. 
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Figure 8-5 Option D Currents after 10 months, Hs = 2.8m, Mean Wave Direction = 25° and Tp = 10s. 

 

 

Figure 8-6 Option D Wave Height after 10 months, Hs = 2.8m, Mean Wave Direction = 25° and Tp = 
10s. 
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Figure 8-7 Option D Sediment Transport after 10 months, Hs = 2.8m, Mean Wave Direction = 25° and 
Tp = 10s. 

 

8.1.3 Option F Results 
The resulting bed level for Option F is shown in Figure 8-8. Figure 8-9 shows the corre-
sponding erosion/deposition patterns, while Figure 8-10, Figure 8-11 and Figure 8-12 
show samples of current, wave and sediment transport patterns corresponding to the 
simulated wave conditions on the resulting bathymetry. 

Some of the significant observations from these results include: 

 There is slight scour at the training wall entrance. 

  Current acceleration around the structures has led to a band of erosion. 

 The currents are concentrated along the western breakwater, drawing sediments 
in from the sea and leading to sedimentation within the channel along the west-
ern breakwater. Sedimentation of up to 1.5 m has occurred. 

 The channel width with the required depth of -4.4 m MSL has been reduced to 
about 25% of the original width along about half of the trained channel length.  

 Some sediment has been drawn into the river beyond the trained channel. 

 The wave penetration into the channel is significant, but this is for wave condi-
tions well in excess of the navigation criteria. 

 Currents at the entrance show strong curvature and gradients that are potentially 
hazardous for navigation for stronger inflow conditions. 

 A bypass mechanism has formed with a bar building out on the updrift (east) 
side of the entrance but the acceleration past the entrance preventing sedimenta-
tion here, just maintaining clear navigation past the entrance area. 
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 There has been a build-up of the beach on the updrift side and erosion on the 
downdrift side. 

The simulation demonstrates that sedimentation within the trained channel is likely to 
occur for the low flow and rough wave conditions. The tidal flushing alone is clearly in-
sufficient to keep a channel of the simulated width flushed. 

 

Figure 8-8 Option F bed level after 10 months. Hs = 2.8m, Mean Wave Direction = 25° and Tp = 10s. 
Thick black contour is -4.4m MSL. 

 

 

Figure 8-9 Option F bed level change after 10 months, Hs = 2.8m, Mean Wave Direction = 25° and Tp = 
10s. 
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Figure 8-10 Option F Currents after 10 months, Hs = 2.8m, Mean Wave Direction = 25° and Tp = 10s. 

 

 

 

Figure 8-11 Option F Wave Height after 10 months, Hs = 2.8m, Mean Wave Direction = 25° and Tp = 
10s. 
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Figure 8-12 Option F Sediment Transport after 10 months, Hs = 2.8m, Mean Wave Direction = 25° and 
Tp = 10s. 

 

8.2 Required Flow to Flush Channel after Low Flow Scenario 

As demonstrated in the previous section, there is clear risk that an extended period of 
low flow conditions combined with rough wave conditions will lead to significant 
sedimentation, and that the channel after these conditions does not meet navigation cri-
teria. It is therefore important to quantify the river flows necessary to scour the channel 
to an acceptable depth.  

8.2.1 Model Setup 
To determine the required flows for flushing, simulations were run for both Option D 
and F, using the bathymetry established at the end of the low river flow simulations de-
scribed in the previous section as the initial bathymetry.  

A theoretical flood event was chosen for this simulation. The event was equivalent to 
approximately a monthly flood event. This same event was scaled to simulate three 
monthly and half yearly events. The events were run in succession as presented in Fig-
ure 8-13.   

The predicted flood magnitudes in Section 3.3 indicate that it can be assumed that 
Waioeka River provides two thirds of the combined flow and the Otara River the re-
maining one third, and this was applied in the model. No allowance has been made for 
additional tributary inflows, which is a conservative assumption in this case. 
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Figure 8-13 Combined river flow for theoretical flood events. 

 

8.2.2 Option D Results 
Figure 8-14 shows the initial bed level used as baseline for the modelling. Figure 8-15 
to Figure 8-17 illustrate the bed levels after the successive discharges corresponding to 
the 1 month, 3 months and 6 months events, respectively. Figure 8-18 to Figure 8-20 
show the corresponding current plots. 

Notable observations include: 

 There is initial sedimentation between the breakwaters, indicating that the 1-
month flood brings down more sediment than it scours.  

 For flows corresponding to the 3 months event, scouring takes place between the 
training walls, whereas additional sedimentation occurs in the centre of the ba-
sin. This trend continues for the flow corresponding to the 6 months event. 

 The scoring and sedimentation pattern is directly related to the current patterns 
which show a concentration of currents in the trained section and a dispersion 
and reduction in current speeds in the middle of the basin. 

 The simulations show that the flushing through the breakwater basin is ineffi-
cient. 

It is noted that the influx of sediment from upstream is likely to change in the future as 
less sediment is transported into the river from the sea, which is expected to lead to 
deepening of the river channel and reduction in availability of fine sediments. The up-
stream river bed is partly armoured with gravel, and it is considered unlikely that the 
river will deliver sediments corresponding to the full river transport capacity, which is 
presently assumed in the morphological model setup. The flushing may thus improve in 
the future, but it is none the less clear that the flushing capacity in the middle of the ba-
sin area is limited. This can potentially be improved by extending the internal breakwa-
ter. 
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It is further noted that the simulation has been run without waves. Including waves 
would increase the flushing capacity within the breakwater basin, but there is obviously 
no guarantee that the flood events would coincide with rough wave conditions. 

 

 
Figure 8-14 Initial bed level before flood events. Thick black contour is -4.4m MSL. 

 

 
 

Figure 8-15 Bed level after combined peak flow of approximately 282m3/s. Thick black contour is -4.4m 
MSL. 
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Figure 8-16 Bed level after combined peak flow of approximately 531m3/s. Thick black contour is -4.4m 
MSL. 

 

 

Figure 8-17 Bed level after combined peak flow of approximately 816m3/s. Thick black contour is -4.4m 
MSL. 
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Figure 8-18 Current field during combined peak flow of approximately 282m3/s. 

 

 

Figure 8-19 Current field during combined peak flow of approximately 531m3/s. 
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Figure 8-20 Current field during combined peak flow of approximately 816m3/s. 

 

8.2.3 Option F Results 
Figure 8-21 shows the initial bed level used as baseline for the modelling. Figure 8-22 
to Figure 8-24 illustrate the bed levels after the successive discharges corresponding to 
the 1 month, 3 months and 6 months events, respectively. Figure 8-25 to Figure 8-27 
show the corresponding current plots. 

Notable observations include: 

 There is initial sedimentation between of the river channel upstream of the train-
ing walls for the 1-month event.  

 No significant scouring of bed levels in the channel occur until a 3 monthly 
event 

 For flows corresponding to the 6 months event, scouring takes place between the 
training walls, and the full navigation channel is almost restored to the desired -
4.4 m MSL. 

 The sediment discharged starts to establish a slight delta seaward of the en-
trance. It is likely that this sediment would be further dispersed if waves had 
been included in the modelling. 
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Figure 8-21 Initial bed level before flood events. Thick black contour is -4.4m MSL. 

 

 

Figure 8-22 Bed level after combined peak flow of approximately 282m3/s. Thick black contour is -4.4m 
MSL. 
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Figure 8-23 Bed level after combined peak flow of approximately 531m3/s. Thick black contour is -4.4m 
MSL. 

 

 

Figure 8-24 Bed level after combined peak flow of approximately 816m3/s. Thick black contour is -4.4m 
MSL. 
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Figure 8-25 Current field during combined peak flow of approximately 282m3/s. 

 

 

 

Figure 8-26 Current field during combined peak flow of approximately 531m3/s. 

 

 



     

 
 

50073-Opotiki-Vol2-MainModellingReport-04.doc 68 DHI Water & Environment 
 

 

Figure 8-27 Current field during combined peak flow of approximately 816m3/s. 

 

8.2.4 Comparison of Layout Options 
The following conclusions can be made from the results, after a long period of low flow 
conditions: 

 For Option D with current layout not even a semi-annual flood would scour the 
navigation channel to an acceptable depth. Dredging of the channel would need 
to be considered. 

 For Option F a semi-annual flood event would be required for the navigation 
channel to scour to an acceptable depth. 

It is noted that the transport of sediments from upstream is likely to have been overesti-
mated for these medium flow conditions, as it has been assumed that there is full avail-
ability of sand on the river bed for transport. As the influx of sediment from the sea is 
reduced, it is anticipated that the river channel will deepen, and the amount of sand in 
the system reduce. 

It is also noted that the starting bathymetries were based on a very long period of sedi-
ment build-up and may thus be considered conservative. 

However, the simulations do point to a risk that it will take a significant flow event in 
the river to clear any build-up of sediments, and that this may not be possible for Layout 
D. It is therefore crucial to optimise the flushing capacity, which has been addressed in 
the following chapter. 
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8.3 One Year Simulation 

A one year simulation based on real data provides a more realistic picture of the mor-
phological development likely to occur under normal conditions. 

The year chosen for the simulation was 2003. The wave and river flow conditions for 
2003 are shown in Figure 8-28. The data set includes reasonably adverse wave climate 
with significant wave heights in the 2.0-2.5m range and from the worst case directions 
(defined in Table 4-1) occurring fairly frequently. The year starts with a long dry spell 
with minimal river flows until a flush occurs in April. Throughout the year there are 
five flood events with a combined flow above 500 m3/s each of which can be expected 
to have a beneficial effect on flushing of the river entrance. In October 2003 a 30 year 
flood event occurred on the Otara which cannot be considered typical, but for the pur-
poses of current assessment it is the number of flushing events in the year rather than 
the individual magnitudes that are important. On this basis 2003 can be considered a 
“typical” year for navigation assessment purposes. 

8.3.1 Model Setup 
The simulation was started with an initial bathymetry taken at the end of the initial 10 
month run described in 9.1, with the area between the training walls dredged to -4.4m 
MSL.  A morphological scaling factor of 6 was applied to the simulation. 

8.3.2 Model Results for Option  D 
Figure 8-29 shows the evolution of the bathymetry during the year’s simulation, while 
Figure 8-30 and Figure 8-31 show wave and sediment transport fields during a rough 
wave event for the “final” bathymetry. 

Notable findings include: 

 Similar to Case 1, there has been scouring at the entrance area. 

 There has been significant sedimentation in the river channel – likely due to 
sand supply from the river upstream (which may be overestimated). 

 There has been significant sedimentation within the breakwater basin, but much 
more symmetrical than for the Case 1 simulation with a consistent wave condi-
tion from an easterly direction. 

 Judging from the deposits, it is likely that the sedimentation within the basin is a 
combination of sediments from the river and from the sea. 

 The sediment transport plots show a clear sediment transport pathway through 
the breakwater basin, indicating that a quasi-equilibrium state may have been 
reached, but for a lower water depth than required. 

 Overall, the layout fails to maintain a channel at the desired -4.4 m MSL 
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Figure 8-28 Wave and river flow data for 2003 used in the one year simulation 
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  Initial Bathymetry 

 

2 months    4 months 

 

  6 months    8 months 

 

10 months    12 months 

Figure 8-29     Option D: Bed level evolution during a typical one year period. Thick black contour is -4.4m MSL. 
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Figure 8-30 Option D: Wave height during large wave event in 2003. 

 

 

Figure 8-31 Corresponding sediment transport rates during large wave event. 
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8.3.3 Model Results for Option F 
Figure 8-32 shows the evolution of the bathymetry during the year’s simulation, while 
Figure 8-33 and Figure 8-34 show wave and sediment transport fields during a rough 
wave event for the “final” bathymetry. 

Notable findings include: 

 Similar to Case 1, there has been scouring at the entrance area. 

 There has been significant sedimentation in the river channel – likely due to 
sand supply from the river upstream (which may be overestimated). 

 There are periods where the desired -4.4m depth is not always maintained in the 
river channel, however the channel returns to the desired depth when a period of 
increased river flow occurs. A more detailed assessment of navigation depths is 
made in Section 10.2. 

 There is tendency to the formation of a slight ebb delta seaward of the river en-
trance.



     

 
 

50073-Opotiki-Vol2-MainModellingReport-04.doc 74 DHI Water & Environment 
 

      

  Initial Bathymetry 

 

2 months    4 months 

 

  6 months    8 months 

 

10 months    12 months 

Figure 8-32 Option F: Bed level after typical one year simulation. Thick black contour is -4.4m MSL. 
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Figure 8-33 Option F - Wave Height during large wave event in 2003. 

 

 

 

Figure 8-34 Corresponding sediment transport rates during large wave event. 
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8.3.4 Comparison of Layout Options 
It is clear that Option F performs best for the attempt of a 1-year representative simula-
tion. At the end of the simulation, Layout F has maintained the required navigation 
depth between the training structures, whereas the basin for Option D is suffering from 
sedimentation. 

8.4 Extreme Flood Event Scenario 

During an extreme flood event there are issues which may cause the river improvements 
works to fail, these include: 

 As the river mouth cannot widen as it normally would during an extreme flood 
event, the structure may cause backwater effects and elevate flood levels up-
stream. 

 Significant scour may occur at the entrance or along the walls of the structure to 
an extent that the foundations of the structures are undermined 

 A significant delta may form seaward of the entrance that can jeopardize naviga-
tion access. 

These issues are investigated in the following section. For the purposes of this assess-
ment, an extreme flood event is defined as a 1% AEP flood on each of the Otara and 
Waioeka rivers. Additional investigations of flood impacts of the recommended final 
option are described in Chapter 13.  

8.4.1 Model Setup 
Simulations were run to investigate the effects of an extreme flood with Options D and 
F. Figure 8-35 presents the hydrographs used for the simulations. These were extracted 
from the EBoP MIKE 11 modelling studies (EBoP, 1999).  The initial bed bathymetry 
is based on the final bed levels resulting from the simulations described in Section 9.1. 
Normal tidal conditions are assumed. 

 

Figure 8-35 Extreme flood hydrographs for Otara River and Waioeka River. 
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8.4.2 Morphological Development 
The final bed level after the flood simulation for Option D and F are presented in Figure 
8-36 and Figure 8-39 respectively. After the event, a delta has formed starting at the en-
trances of the structures. The delta is shallow enough so that the navigation criterion is 
not satisfied.  

 
 

Figure 8-36 Bed level after extreme flood event. Thick black contour is -4.4m MSL. 

 

 

Figure 8-37 Current field during peak flows from extreme year flood event. 
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Figure 8-38 Current field during peak flows from a 1 in 100 year flood event. 

 

 

 

Figure 8-39 Bed level after 1 in 100 year flood event. Thick black contour is -4.4m MSL. 
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Figure 8-40 Current field during peak flows from a 1 in 100 year flood event. 

 

 

 

Figure 8-41 Current field during peak flows from a 1 in 100 year flood event. 

 

8.4.3 Effect on Flood Release 
The impacts on upstream water levels of the two layout options have been compared to 
existing conditions. Two existing conditions are assumed, “normal” river entrance with 
reasonable conveyance characteristics (based on the bathymetric surveys of November 
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2006 and January 2007) and an additional simulation considering shallow, narrow river 
mouth as experienced during the almost total closure of the mouth in July 2007. 

The locations where water level was extracted are presented in Figure 8-42. The com-
parison of water levels is shown in Figure 8-43 to Figure 8-46. 

 

 

Figure 8-42 Location of water level comparisons. 

 

The water level comparison implies that the partially closed river mouth will elevate the 
water levels in the early stages of the flood event, however flows are strong enough to 
scour the entrance well before the peak of the flood. This results in only a small differ-
ence between peak flood levels for both existing scenarios. The peak flood level at Opo-
tiki Wharf is 20cm higher for Option D and 10cm higher for Option F, compared to the 
existing scenario with the open river mouth. This is a concern as flood release is a criti-
cal issue and any significant increase in extreme flood levels is considered unaccepta-
ble. 
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Figure 8-43 Predicted water level comparison in harbour entrance (Pt 1) 

 

 

Figure 8-44 Predicted water level comparison at Opotiki Wharf (Pt 2) 

 

 

Figure 8-45 Predicted water level comparison in Waioeka River (Pt 3) 
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Figure 8-46 Predicted water level comparison in Otara River (Pt 4) 

 

It is noted that the present methodology has applied a conservative approach of combin-
ing 100 year flows for the two river systems, i.e. assuming that the same 100 year event 
covers both catchments. This is overly conservative and has clearly led to large mod-
elled impacts. A more detailed assessment is presented in Chapter 12. 

 

8.4.4 Scour 
Scour protection will be required along the margins of the walls to avoid undermining 
and causing severe damage during high river flows. The borelog samples (Vol. 4, Sec-
tion 1.9) indicates that fine sand extends down to at least -5m MSL, and that no signifi-
cant armouring layer exists which may limit scour. Below -5m MSL the sediment grain 
size increases, which may limit scour but which conversely may adversely affect flood 
levels. The effect of coarser sediment grain size in the entrance has been investigated as 
part of the sensitivity analysis in Section 12. 
 
In areas of fine sands, there is potential for considerably deep scour to develop, where 
there current contractions and consequently high transport capacities exist. The break-
water heads at the entrance are very susceptible to scour. The predicted minimum bed 
level during the flood event is shown in Figure 8-47 and Figure 8-48. 
 
It is noted that the scour levels are dependent upon the amount of sediment carried by 
the river from upstream, which is highly uncertain. If the availability of sediment from 
upstream is significantly less than assumed in the model, it can lead to starving of the 
sediment supply and additional scouring. Sensitivity tests assuming a limited sediment 
supply from the river have been undertaken as reported in Section 12. 
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Figure 8-47 Option D, minimum bed level during 1in 100 year flood.  

 

 

Figure 8-48 Option F, minimum bed level during 1in 100 year flood. 

 

The following conclusions from the morphological modelling can be made: 
 

 For Option D the scour will occur at the entrance of the breakwaters to a depth 
of -9.5m MSL and in particular along the western training wall to a depth below 
-10m MSL.  

 For Option F, a deeper scour hole of depth of -7.5m MSL is likely to form along 
the eastern inside wall, to. Particular attention will need to be given to scour pro-
tection requirements in this area.  
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 A smaller area of Option D will need scour protection compared with Option F, 
which has large cost implications. However larger scour depths occur with Op-
tion D. 

 

8.5 Ebb Delta Breakdown 

As illustrated by the extreme flood simulation, a large ebb delta can form in a matter of 
hours during extreme flood conditions.  The material discharged through the entrance 
deposits offshore, leading to a significant build-up of material in an ebb bar. This may 
cause problems during the period it would take the bed to return to an equilibrium state, 
as waves in the shallow area may directly impede navigation. Additional wave breaking 
and in the entrance area combined with wave driven currents may transport sediment 
back into the navigation channel.  

Investigations were carried out to determine the length of time it would take the 
bathymetry to return to an equilibrium state and if during this time the navigation crite-
ria of the channel was compromised. 

8.5.1 Model Setup 
The river flow for the simulation period was assumed as 15m3/s from the Otara River 
and 30m3/s from the Waioeka River. 

Constant wave conditions corresponding to Scenario 1 (Table 4-1) with a mean wave 
direction of 315° were applied.  

The initial bathymetry was taken as existing at the end of the extreme flood event simu-
lation described in the preceding section. 

8.5.2 Results for Option D 
Figure 8-49 shows the initial bathymetry corresponding to the bathymetry derived at the 
end of the extreme flood simulation.  

Figure 8-50 shows the breakdown of the delta after 3 months simulation with the corre-
sponding wave and sediment transport fields in Figure 8-51 and Figure 8-52. After ap-
proximately three months the bar is beginning to disperse however the navigation crite-
ria are not satisfied. Although there is a deep channel running through the middle of the 
structures, there is still a large volume of sediment located either side of the channel 
within the curved breakwaters. As this sediment starts to redistribute to the beaches in-
side the breakwaters the navigation channel begins to become shallower on the eastern 
side between the training walls. After 10 months this situation has become worse, with 
less than half of the channel between the training walls acceptable for navigation.  Fig-
ure 8-53 shows the breakdown of the delta after 10 months simulation with the corre-
sponding wave and sediment transport fields in Figure 8-54 and Figure 8-55. 

It is noted that this evaluation is with a constant, relatively rough wave condition, and 
the process of delta breakdown may take significantly longer than indicated by the 
simulation. 
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Figure 8-49  Option D, bed level after 100 year flood event used as initial bed level. Thick black contour 
is -4.4m MSL. 

 

 

Figure 8-50  Option D, bed level after approximately three months. Hs = 2.8m, Mean Wave Direction = 
315° and Tp = 10s. Thick black contour is -4.4m MSL. 
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Figure 8-51 Wave height after approximately three months. 

 

 

Figure 8-52 Sediment transport rates after approximately three months.   
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Figure 8-53  Option D, bed level after approximately ten months. Hs = 2.8m, Mean Wave Direction = 
315° and Tp = 10s. Thick black contour is -4.4m MSL. 

 

 

Figure 8-54 Wave height after approximately ten months. 
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Figure 8-55 Sediment transport rates after approximately ten months 

 

8.5.3 Results for Option F 
Figure 8-56 shows the initial bathymetry corresponding to the bathymetry derived at the 
end of the extreme flood simulation.  

Figure 8-57 shows the breakdown of the delta after 3 months simulation with the corre-
sponding wave and sediment transport fields in Figure 8-58 and Figure 8-59. The delta 
is collapsing towards the breakwater entrance with the simulated wave conditions, and 
there is a severe reduction in available water depths for access to the entrance area. 
There are depths as shallow as -1.5m MSL across the bar. The wave and sediment 
transport patterns are obviously changed by the delta formation as illustrated in the 
plots. The shallow waters will not only lead to reduced depths for navigation, but also 
lead to complex wave and current patterns at the entrance area. 

The results show that for the simulated wave conditions the bar will remain across the 
entrance until approximately nine months after the creation of the flood delta.  During 
this time the criteria for navigation would not be satisfied.  

Figure 8-60 shows the breakdown of the delta after ten months simulation with the cor-
responding wave and sediment transport fields in Figure 8-61 and Figure 8-62. After 
approximately ten months there is no longer any bar present and the navigation channel 
reaches an acceptable depth. An equilibrium bed level has not been reached but the 
sediment from the delta has been transported away from the entrance of the structure 
and will redistribute to the local beaches. 
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Figure 8-56 Option F, bed level after 100 year flood event used as initial bed level. Thick black contour is 
-4.4m MSL. 

 

 

Figure 8-57 Option F, bed level after approximately three months. Hs = 2.8m, Mean Wave Direction = 
315° and Tp = 10s. Thick black contour is -4.4m MSL. 
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Figure 8-58 Wave height after approximately three months. 

 

 

Figure 8-59 Sediment transport rates after approximately three months.   
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Figure 8-60 Option F, bed level after approximately ten months. Hs = 2.8m, Mean Wave Direction = 315° 
and Tp = 10s. Thick black contour is -4.4m MSL. 

 

 

 Figure 8-61 Wave height after approximately ten months. 
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Figure 8-62 Sediment transport rates after approximately ten months.   

 
 
The following conclusions from the morphological modelling can be made: 
 

 Following an extreme flood event, navigation would be hazardous due to the de-
velopment of a large ebb delta that forms outside of the entrance. 

 Navigation conditions can subsequently worsen resulting from the redistribution 
of sediments which take place during the breakdown of the delta 

 The collapse of a delta is a relatively slow process, and if it is left to natural dis-
persion, it may take years before “natural” depths are re-established. 

 Option F performs slightly better with respect to the return to navigable condi-
tions, this occurring 10 months after the flood event.  

 After an extreme flood event, dredging most likely will be required for both op-
tions in order to return the channel to a navigable condition.  

 

8.6 Coastal Impacts 

The breakwater will partly block the littoral transport, and there will be a morphological 
response and impacts. 

The overall net littoral sediment transport rates at the site are relatively small; however 
the gross littoral sediment transport rates are large (see Section 4). When there is trans-
port in one direction for a significant period of time, the river mouth improvement struc-
tures will block the littoral transport and erosion will occur on one side of the structures 
and accretion on the other side. However it can be assumed that the transport direction 
will change in time and the pattern of accretion/erosion will reverse. Based on this as-
sumption the overall impacts to the adjacent beaches of the littoral blocking will be 
small. There is still the potential for significant coastal erosion on either side of the 
breakwaters during a severe storm event. 
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With the short breakwater options, the coastal impacts will be less, although by no 
means negligible. The curved breakwaters of Option D are designed to be streamlined 
and promote a relatively smooth flow past the breakwaters, which in turn can promote 
sediment bypassing of the structure. Option F in turn may lead to a larger sheltered area 
and less efficient return of the sediment to the coastline. Samples of sediment transport 
rates in rough conditions are illustrated in Figure 8-63, clearly showing that the surf 
zone extends well beyond the structures and also the large sheltered area downdrift of 
Layout F. 

It is further noted that Layout D protects part of the coastline from erosion, although 
this may also be considered an impact on the local coastline. Option D is generally ex-
pected to have lesser coastal impacts in terms of coastal erosion than Option F. 

 

 

Figure 8-63 Comparison of Sediment transport rates for the two layout Options.   
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8.6.1 Sediment Discharged from River 
The river mouth improvement structures will transport river discharged sediment further 
away from the coast. A smaller fraction will be able to return to the local beaches. The 
magnitude of this impact is controlled by the present and future discharge of sediment 
of coarse material from the river. 

The present discharge of coarse sediment is small under normal flow conditions. There 
is some coarse sediment discharged during an extreme event, but with the shorter struc-
tures that terminate within the surf zone, the sediment can be transported back to the 
coast as previously demonstrated in the modelling.  

There is no significant difference in the distance from the entrance the sediment is dis-
charged during extreme events, and there is therefore no notable difference in potential 
impacts between the two layouts in this respect. 
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9 LAYOUT OPTIMISATION 

The long term simulations described in the previous section have identified areas of 
concern for each of the two proposed layouts. An initial assessment of possibilities for 
optimisation of the layouts to mitigate these concerns has been carried out as is de-
scribed in the following. 

It is noted that optimising for some parameters will generally be at the cost of other, i.e. 
optimising for flushing will potentially lead to increased flood impacts. With the need to 
undertake fully dynamic morphological simulations to describe the extreme dynamics 
of the river mouth at Opotiki, the simulation times have become a limiting factor to the 
number of optimisation runs that it is has been possible to carry out. 

Full layout optimisation would normally consider several changes to the layout and 
make a full analysis of these to e.g. optimise the channel width, orientation, etc. This 
has not been possible within the time constraints of the present project and is also con-
sidered a detailed design component. 

The present assessment is restricted to identification of potential optimisation measures 
and an initial assessment of these supported by limited modelling of the effects on 
flushing. 

9.1 Optimisation of Option D 

The main problem identified for option D from the morphological simulations is sedi-
mentation within the outer basin due to sediment drawn in by a circulation current 
driven into the basin by wave driven currents past the entrance and due to a lack of 
flushing capacity within the basin. Relatively high wave exposure in the outer basin un-
der rough wave conditions has also been noted. Two main measures have been identi-
fied to potentially reduce the sedimentation problem: 

1. Reducing the entrance width which will tend to reduce the exchange of momen-
tum through the entrance and thereby potentially the influx of sediment through 
the entrance. A narrowing of the entrance width will also reduce the wave pene-
tration and lead to added flushing. Potential negative effects are related to added 
flow resistance under extreme discharge events and increased scouring between 
the breakwaters.  

2. Increasing the length of the internal training walls to better focus the flow 
through the outer basin. This is a common practice for several designs carried 
out in Malaysia and generally works well, but comes at the cost of added con-
struction costs and added resistance and potential impacts on flooding. It is con-
sidered probable that the added resistance due to the increased length could be 
compensated by slightly widening the distance between the training walls, al-
though this would lessen the flushing between the training walls. 

 



     

 
 

50073-Opotiki-Vol2-MainModellingReport-04.doc 96 DHI Water & Environment 
 

3. In addition, significant scouring is observed along the western training wall for 
the 100 year flood event. The scouring is concentrated here due to the forcing of 
a slight directional change of the currents. There is room for optimising the 
alignment of the internal training wall so to minimise this effect. 

Narrower Entrance Width 
Flushing simulations for a slightly narrower entrance width of 110m are presented in 
Figure 9-1 to Figure 9-6 below. For the purposes of this assessment, the flushing simu-
lations have been started based on the “final bathymetry” from the flushing simulations 
with the old layout.  

 

Figure 9-1 Bed level after combined peak flow of approximately 282m3/s. Width of entrance of curved 
breakwaters equal to 110m . Thick black contour is -4.4m MSL. 
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Figure 9-2 Current field during combined peak flow of approximately 282m3/s. 

 

 

Figure 9-3 Bed level after combined peak flow of approximately 531m3/s. Width of entrance of curved 
breakwaters equal to 110m . Thick black contour is -4.4m MSL. 
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Figure 9-4 Current field during combined peak flow of approximately 531m3/s. 

 

 

Figure 9-5 Bed level after combined peak flow of approximately 816m3/s. Width of entrance of curved 
breakwaters equal to 110m . Thick black contour is -4.4m MSL. 
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Figure 9-6 Current field during combined peak flow of approximately 816m3/s. 

 

Comparing to the flushing simulations for the wider entrance (see previous section); 
there is not a notable difference, which was also not expected as the benefit is mainly 
intended on the influx of sediment and wave penetration. 

It is noted that with the narrower entrance, the stronger currents on flood events still oc-
cur at the training wall, and it is not expected that the narrowing of the entrance will 
have any notable effect on flood levels. 

Extended Training Walls 
Flushing simulations for extended training walls are presented in Figure 9-7 to Figure 
9-12 below. The simulation has again been started based on the “final bathymetry” from 
the flushing simulations with the old layout, which in this case is obviously not correct 
but allows for easy comparison to the previous simulations.  
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Figure 9-7 Bed level after combined peak flow of approximately 282m3/s. Length of inner training walls 
increased. Thick black contour is -4.4m MSL. 

 

 

Figure 9-8 Current field during combined peak flow of approximately 282m3/s. 
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Figure 9-9 Bed level after combined peak flow of approximately 531m3/s. Length of inner training walls 
increased. Thick black contour is -4.4m MSL. 

 

 

Figure 9-10 Current field during combined peak flow of approximately 531m3/s. 

 

The extended training walls clearly increase the flushing within the trained channel, but 
the sediment discharge from the river in the flood situations still tends to prevent full 
scouring of the channel through the breakwater basin. As previously discussed, it is an-
ticipated that the supply from the river will reduce (due to a reduced influx to the river 
system from the sea and gradual starvation of the sand supply within the river), and it is 
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anticipated that a navigation channel can be adequately flushed by extending the inter-
nal training walls. 

It is, however, also clear that the extension of the training walls will impact the flow re-
sistance, and it would likely be required to increase the spacing between the training 
walls to compensate.  

 

Figure 9-11 Bed level after combined peak flow of approximately 816m3/s. Length of inner train-
ing walls increased. Thick black contour is -4.4m MSL. 

 

 

Figure 9-12 Current field during combined peak flow of approximately 816m3/s. 
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9.2 Optimisation of Option F 

Option F suffers from potentially hazardous navigational conditions at the entrance area 
during rough waves and during strong flood tides in particular. There is no obvious 
mitigation for this except switching to an option D type layout. Sedimentation within 
the navigation channel is also an issue, and whereas it is difficult to reduce the sediment 
influx during low flow conditions, the flushing can be increased by narrowing the chan-
nel width. This will obviously have potentially severe repercussions on the flood im-
pacts, and scouring along the structures will also increase. Based on the simulations car-
ried out for the 120 m width, it is not considered likely that there is significant room for 
narrowing the width. 

The present assessment has been restricted to a coarse assessment of the potential in-
crease in flushing capacity for two different reductions of the channel width to 100 m 
and 80 m. 

Results from the flushing simulations for the two narrower channels are presented in 
Figure 9-13 to Figure 9-24 below.  

The narrower channels will as expected lead to higher flushing, and the 3-month event 
can flush most of the channel for the 80 m channel width. 

However, current velocities are increased to almost 2 m/s for the 3 months event, and 
strong currents may start to become an issue in terms of navigation. 

The narrower channel is, as indicated above likely to create unacceptable flood impacts, 
and scouring will become very deep. 

Whereas a narrowing of the channel clearly has a positive effect on the flushing of the 
channel, it is considered unlikely that the potential flood or scouring impacts will allow 
a significant reduction of channel width. 

The effect of widening the channel on flood impacts has been investigated as part of the 
final design sensitivity analysis reported in Section 12. 
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Figure 9-13 Bed level after combined peak flow of approximately 282m3/s. Width between breakwaters 
is 100m. Thick black contour is -4.4m MSL. 

 

 

Figure 9-14 Current field during combined peak flow of approximately 282m3/s. 
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Figure 9-15 Bed level after combined peak flow of approximately 531m3/s. Width between breakwaters 
is 100m. Thick black contour is -4.4m MSL. 

 

 

Figure 9-16 Current field during combined peak flow of approximately 531m3/s. 
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Figure 9-17 Bed level after combined peak flow of approximately 816m3/s. Width between breakwaters 
is 100m. Thick black contour is -4.4m MSL. 

 

 

Figure 9-18 Current field during combined peak flow of approximately 816m3/s. 
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Figure 9-19 Bed level after combined peak flow of approximately 282m3/s. Width between breakwaters 
is 80m. Thick black contour is -4.4m MSL. 

 

 

Figure 9-20 Current field during combined peak flow of approximately 282m3/s. 
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Figure 9-21 Bed level after combined peak flow of approximately 531m3/s. Width between breakwaters 
is 80m. Thick black contour is -4.4m MSL. 

 

 

 

Figure 9-22 Current field during combined peak flow of approximately 531m3/s. 
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Figure 9-23 Bed level after combined peak flow of approximately 816m3/s. Width between breakwaters 
is 80m. Thick black contour is -4.4m MSL. 

 

 

Figure 9-24 Current field during combined peak flow of approximately 816m3/s. 
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10 PREFERRED OPTION SELECTION 

The two layout options investigated in the detailed modelling each have their advan-
tages and disadvantages as briefly summarised below. 

10.1 Navigation 

Option D performs well in terms of navigational safety for the design water depth. The 
gradual exposure to waves and smaller gradients in current speeds and directions to-
gether with ample space to adjust navigation within the partly sheltered breakwater ba-
sin leads to safe navigational conditions within the defined navigational requirements. 
Potential severe sedimentation within the breakwater basin can, however, reduce these 
advantages if part of the basin becomes unnavigable due to sedimentation.  

Option F exhibits potentially hazardous conditions for vessels with limited manoeuvra-
bility at the entrance area in rough wave conditions. On a strong flood tide, large current 
gradients at the entrance will combine with breaking waves and reflected waves from 
different directions to form a complex sea state requiring some course adjustment 
within a confined area between the breakwaters. This may lead to extra downtime for 
some vessels during rough conditions. No quantification of additional downtime has 
been attempted as it will entirely depend on the capabilities of both the vessels and the 
masters, but assuming that the conditions will only be severe during rough waves in ex-
cess of 1.5 m and on spring flood tide, it will only be in the order of 2% percent of the 
time that these conditions are encountered. 

10.2 Sedimentation 

With the short (relative to surf zone width) breakwater solutions investigated, the mod-
elling has demonstrated that there is a significant risk of sedimentation beyond the crite-
ria originally established from a navigational point of view. It has been suggested that 
the navigational depth criteria can be relaxed from -4.4 m MSL to – 3.7 m MSL, which 
would obviously lead to a relatively better performance in terms of downtime relative to 
the criteria. The assessment has been carried out based on the -4.4 m criteria. 

Both Options D and F can experience significant sedimentation to depths shallower than 
-4.4 m MSL during extended periods of low river flow and relatively rough wave condi-
tions that induce ingress of sediment through the entrance from the surf zone. Both op-
tions will, however, perform much better than the untrained river mouth where such 
conditions will lead to an almost complete closure of the river mouth and very danger-
ous access conditions if possible at all. 

Tidal flushing is generally insufficient to flush the navigation channel to the desired 
depth of -4.4 m MSL, and a small flood discharge in the river is required. Whereas the 
simulations for these may not be accurate and overestimate the amount of sediment dis-
charged from the river during such events, the simulations generally show that Option D 
requires a relatively high event to fully flush, while Option F flushes more efficiently 
for more frequent events. Optimisation simulations demonstrated that the flushing of 
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Option D can be improved by increasing the length of the internal training walls, which 
in effect emulates the flushing characteristics of Option F. Extending the internal train-
ing walls will primarily flush a channel down the centreline from the training walls to 
the entrance area, whereas the rest of the basin will not be flushed. If full navigation 
depth is to be maintained in the breakwater basin of Option D, it is expected that regular 
maintenance dredging will be required. 

A more detailed assessment of Option F has been carried out to quantify the navigation 
performance against the original criteria. The model results from the one year (2003) 
simulation were examined at weekly intervals to determine the proportion of time a 60m 
navigation width was available over a range of depths. The results, presented in Figure 
10-1, indicate that the -4.4 m MSL criteria is satisfied 63% of the time, but that a -4.3m 
depth is available 100% of the time throughout the 12 month simulation period. The re-
sults show a quite rapid decline in navigability with increasing depth, which is consis-
tent with the original design of the breakwaters which extend to -4.0m MSL. 

 

Figure 10-1  Navigability assessment for Option F based on one year (2003) simulation  

10.3 Scouring 

A longer breakwater section is exposed to strong currents and scouring for Option F. 
This difference is reduced with the potential extension of the internal breakwaters for 
Option D. 

10.4 Impacts 

It is considered that both layout options can be designed to accommodate floods within 
acceptable impact levels. The impacts on flooding will primarily be determined by the 
distance between the breakwater/training walls. The increase in flood levels upstream is 
marginally higher for Layout D, and these would be expected to increase further if the 
internal training walls of Layout D are extended to increase flushing. 

3.7 



     

 
 

50073-Opotiki-Vol2-MainModellingReport-04.doc 112 DHI Water & Environment 
 

Both Options will have localised coastal impacts. Option D performs slightly better than 
Option F and furthermore protects the coastline closest to the entrance. 

10.5 Recommendation 

With the short structure solution, there is a real risk that the benefits in terms of naviga-
tion safety for Option D are not realised due to sedimentation. The expected high influx 
of sediments from the surf zone requires an extension of the internal breakwater in Op-
tion D to improve flushing. 

A key issue for the sedimentation is the length of the structures relative to the surf zone. 
Although scour considerations are an issue, it is almost certain for a given cost a layout 
based on Option F can extend to a deeper (and safer) depth compared to Option D. 

With the notion that costs are a greater factor in the option selection than downtime, it is 
recommended to proceed with Option F, comprising twin training walls, 460m long and 
with a nominal spacing of 120 metres. 
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11 IMPACT ASSESSMENT 

The environmental impacts of the proposed river training works of the preferred option 
(Option F) have been assessed in three main areas: 

 Impacts on upstream flood levels 

 Impacts on the coast 

 Impacts on salinity  

 

11.1 Flood Level Impacts 

11.1.1 Methodology 
To assess impacts of flood levels two modelling tools have been used: 

 The MIKE 21 morphological model  

 A MIKE FLOOD model developed to assess the effects of floodplain inundation on 
the attenuation of the flood flows. 

Flood levels in the vicinity of the Opotiki township are affected by both the dynamic 
enlargement of the river entrance during the flood event, and the spilling of floodwaters 
from the river channel onto the floodplains, particularly on the Otara right bank and 
Waioeka left bank. Of these the enlargement of the river entrance is most important, and 
this is fully described in the MIKE 21 morphological model used in as described in Sec-
tion 7 and 8. This model however does not include the river floodplains and therefore 
the MIKE FLOOD model has been developed (refer Volume 4, Section 7) which in-
cludes a detailed description of the river-floodplain interaction. The MIKE FLOOD 
model is however a fixed bed model and does not allow for the dynamic enlargement of 
the river entrance. Therefore both models have been used in combination to draw the 
appropriate conclusions regarding the impacts on flood levels of the proposed river 
training works.  

The impacts on flood levels were assessed for a range of combinations of river flood 
flows and downstream water levels as prescribed by EBoP (EBoP, 2001a). These are 
described in Table 11-1. 

Table 11-1 Matrix of Flood Impact Simulations 

Model Boundary Flow – Surge Level AEP 

Scenario No. 
1 2 3 4 

Waioeka Flow 1% 1% 5% 5% 
Otara Flow 5% 5% 1% 5% 
Sea Level Normal tide 5% 5% 1% 
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In addition the impacts under a future climate change scenario has been assessed. 

The MIKE 11 model developed by EBoP (EBoP 1999 and 2000) was used as the basis 
to develop the new MIKE FLOOD model of the Waioeka-Otara floodplain. The model 
has been updated with cross sections surveyed in 2007 provided by EBoP. The model 
incorporates the MIKE 11 channel branches at the upstream end, which connect to a full 
2D description in the lower floodplain, derived from LiDAR data provided by EBoP. 
This model does not include dynamic morphological capabilities, and so assumes a 
static river mouth bathymetry. The main purpose of this model was to assess the at-
tenuation of extreme flood flows in the lower river reaches, and to provide a basis for 
calculating and mapping the flood inundation extents and depths on the floodplain. The 
MIKE FLOOD model has been compared to the original MIKE 11 model provided by 
EBoP and validated against the July 2nd 1998 flood event, with good results. Details are 
provided in Volume 4.  

The flood impact simulations were carried using the morphological model for both ex-
isting conditions and with the training walls in place. The morphological model is nec-
essary to describe the dynamic behaviour of the entrance bathymetry during a flood 
event, which is an important component of the flood behaviour. The existing conditions 
used for the comparison assume an initial river entrance bathymetry corresponding to 
“normal” open conditions. For the proposed training works, a slightly conservative ini-
tial bathymetry was assumed, corresponding to a situation following a long period of 
low flows, as described in Section 8.1. 

The MIKE FLOOD model has been used to compare predicted impacts of the training 
walls against the morphological model predictions. 

11.1.2 Design Flows 
Design flows for the Otara and Waioeka Rivers are based on EBoP (1999) and de-
scribed in Table 11-2. 

Table 11-2 Design flows for Otara and Waioeka Rivers 

River Peak Flow (m3/s) 
1% AEP 5% AEP 

Waioeka 1845 1279
Otara 932 666

 

These figures are based on a flood frequency analysis at the Browns Bridge and Cable-
way gauges. Following EBoP (1999), the Waioeka flows are increased by 17% and 
Otara by 13% to account for additional inflows between these gauges and the model 
boundaries. In order to take into account the attenuation of flows due to floodplain stor-
age upstream of the river entrance, the Waioeka discharge is reduced by 5%. This figure 
is based on a comparison of the river entrance discharges simulated with the MIKE 
FLOOD model and the morphological model for a 1% event.  
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11.1.3 Sea Level 
EBoP has specified the sea level to be used for design purposes (EBoP, 2001). The level 
incorporates a storm surge component as well as a 0.49m sea level rise. The sea level 
rise component has been removed for flood impact simulations of the existing condi-
tions.  

For the Opotiki Coast, the 1% sea level is 2.1m MSL and the 5% level is 1.6m MSL. 
The storm surge profile adopted for the modelling is based on Bell et al (2000), and as-
sumes a triangular rise and fall distribution over 48 hours. This has been superimposed 
on a spring tide signal to provide 1% and 5% AEP downstream model boundary condi-
tions with peak level corresponding to the EBoP existing condition design standards. 
The water level for spring tide and 1% storm surge is presented in Figure 11-1. 

 

Figure 11-1 1% storm surge sea level boundary 

11.1.4 Sediment Distribution 
 

A uniform sediment distribution was selected with a diameter of 0.3mm, as used in the 
navigation and morphological assessments described in sections 7 and 8. 

11.1.5 Model Simulation Results 
Model simulations for each of the design scenarios listed in Table 11-1 for existing and 
trained river entrance situations have been undertaken. River water levels at four loca-
tions as shown in Figure 11-2 were extracted from each simulation. 
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  Figure 11-2 Location of water level comparisons points. 

 

Sample plots from Scenario 1 and 4 are shown below in Figure 11-3 and Figure 11-4. 
Table 11-3 lists the results for all scenarios. 

Table 11-3 Peak water levels from flood impact scenario runs (m MSL) 

  Comparison Point 
Scenario River Entrance 

Condition 
P1 P2 P3 P4 

Peak Water Level (m, MSL) 
1 Existing 1.70 2.71 3.32 3.08

Trained 1.62 2.64 3.33 3.02
Difference -0.08 -0.07 -0.01 -0.06

2 Existing 2.13 2.95 3.50 3.24
Trained 2.33 3.04 3.60 3.31
Difference 0.20 0.09 0.10 0.07

3 Existing 2.05 2.75 3.00 3.36
Trained 2.21 2.81 3.03 3.44
Difference 0.16 0.06 0.03 0.08

4 Existing 2.39 2.90 3.12 3.18
Trained 2.57 2.97 3.16 3.25
Difference 0.18 0.07 0.04 0.07
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Figure 11-3  Flood level impacts of Option F – 1% AEP Waioeka flow, 5% AEP Otara flow, normal tide 
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Figure 11-4   Flood level impacts of Option F – 5% AEP Waioeka flow, 5% AEP Otara flow, 1% AEP surge  
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The conclusions from the flood impact assessment are as follows: 

 For normal sea level conditions and a 1% flood event on the Waioeka and 5% on the 
Otara, the model predicts a small decrease in flood levels. The largest decreases oc-
cur downstream of the confluence and on the Waioeka River. 

 The largest increase in flood level occurs during a 5% surge combined with 1% 
flood in Waioeka River and 5% flood in Otara River, which indicate water level in-
creases of up to 10cm near the town. The increase in water levels extends as far up-
stream as the Waioeka bridge and approximately 850m upstream of the Otara 
bridge. 

 For other combinations of flood events (5% Waioeka flows) the maximum increase 
in water levels is 8cm. 

The results overall indicate a small but nevertheless significant impact of the training 
works on flood levels close to Opotiki township. 

The suspended sediment inflow volumes computed by the model assuming for each 
river and each flood event are shown in Table 11-4. These are compared to those esti-
mated from the river sediment analysis as reported in Section 5.4. 

Table 11-4  Suspended sediment loads computed by the model vs. sediment analysis (m3) 

Event AEP Source Otara Waioeka 
1% Model 18,000 360,000 
 Sediment analysis 3,380 35,960 
5% Model 10,000 280,000 
 Sediment analysis 1,510 13,240 

 

The table indicates that the computed river sediment inflows to the model are very con-
servative compared to the computed values from the sediment analysis. This very con-
servative approach is necessary due to the typically high uncertainties surrounding the 
sediment transport calculations, which can vary by an order of magnitude or more de-
pending on the different transport theories applied. 

11.1.6 Effect of River Bank Overtopping 
In order to quantify the effects of allowing for river bank overtopping and floodplain 
flows on flood levels, the MIKE FLOOD model was used.  The design scenario chosen 
was the worst case predicted by the morphological model, ie a 1% flood event on the 
Waioeka and a 5% flood event on the Otara, combined with a 5% storm surge. The 
model was run for both existing and trained (Option F) conditions. 

The MIKE FLOOD model is a fixed bed model, and therefore a single representative 
bathymetry was selected for each simulation. Consequently the bed levels resulting 
from the corresponding morphological model at the peak of the flood were extracted 
and used for the MIKE FLOOD simulations. The resulting peak levels from the MIKE 
FLOOD simulations are presented in Table 11-5. 
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Table 11-5  Peak water levels from MIKE FLOOD simulations. 

 Comparison Point 

River Entrance 
Condition 

P1 P2 P3 P4 
Peak Water Level (m, MSL) 

Existing 2.05 2.88 3.37 3.31 

Trained 2.30 2.93 3.39 3.35 

Difference 0.25 0.05 0.02 0.04 

  

The results indicate an overall reduction in peak water levels under both existing and 
trained entrance conditions, which is expected due to additional out of bank flows tak-
ing place. However the model still predicts an overall increase in flood levels resulting 
from the training walls, which, near the township, are less than the increases predicted 
by the morphological model (Table 11-3). Hence it can be concluded that the morpho-
logical model provides a conservative prediction of flood level impacts  

11.1.7 Effect of Climate Change  
The effects of climate change to 2100 were assessed with a simulation of the morpho-
logical model based on the existing worst case flood impacts, this being a 1% flood 
event on the Waioeka and a 5% flood event on the Otara combined with a 5% storm 
surge. To account for climate change, and under advice from EBoP, the 1% flood flows 
were increased by 30%, the 5% flood flows were increased by 28% and the sea level 
was increased by 0.49m. The results from the climate change simulation are presented 
in Table 11-6.  

Table 11-6  Peak water levels from climate change scenario runs (m MSL) 

 Comparison Point 
River Entrance 

Condition 
P1 P2 P3 P4 

Peak Water Level (m, MSL) 

Existing 2.67 3.58 4.08 3.87 

Trained 2.94 3.70 4.21 3.98 

Difference 0.27 0.12 0.13 0.11 

 

Compared to the impacts under existing conditions (shown in Table 11-3), the effects of 
climate change as predicted by the morphological model are a further 3-4 cm increase in 
flood levels near the town resulting from the training of the river entrance 

11.1.8 Discussion and Conclusions 
The impacts on flood levels of the river training works have been assessed for a range of 
design flood conditions, including climate change. The assessments have been under-
taken using the morphological model which simulates the dynamic enlargement of the 
river mouth during floods, but which does not account for floodplain spills, and the 
MIKE FLOOD fixed bed model which includes a detailed description of the river-
floodplain interaction. 
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Both models predict an overall increase in flood levels for the worst case scenario of a 
1% flood on the Waioeka River, 5% on the Otara and a 5% storm surge. The maximum 
increase predicted by the morphological model is 10cm, while the MIKE FLOOD 
model predicts a 5cm maximum increase. Under the same flood conditions but without 
the storm surge component, the morphological model predicts a decrease in water levels 
of between 1cm and 7cm close to the township. Taking into account climate change (in-
creased river flows and sea level rise), the predicted impacts increase by an additional 2-
3cm in the worst case. 

The flood impacts can be considered conservative for two reasons. Firstly the initial 
bathymetry represents an adverse case, corresponding to a situation following a long pe-
riod of low flows. Secondly the upstream river sediment inflows are an order of magni-
tude higher that those derived from the sediment analysis. From a modelling point of 
view, this ensures a more than adequate sediment supply to the entrance so that the 
scour depths and therefore flood capacity is not overestimated. The sensitivity of the 
model results to the upstream sediment supply is investigated in the following section. 

The changes in water levels predicted by the models are considered small, and within 
the likely accuracy of the model. Nevertheless the general trend is for an overall in-
crease in water levels under the applied design conditions. Such increases are unlikely 
to be acceptable, and therefore need to be addressed.  

Widening of the training wall spacing is one option, which is investigated in Section 12. 
Other flood mitigation options are studied in Section 13. 

11.2 Coastal Impacts 

The low net sediment transport rates at the site (the coastline is more or less in equilib-
rium with the predominant wave climate) indicate that the long term coastal impacts on 
a regional scale will be small, but the large gross sediment transport rates can lead to 
rapid local morphological impacts.  

Shorter structures are likely to have less impact on the coastline than longer structures 
due to less sheltering and potential bypass of sediment past the structures. 

Some accumulation of sediments will occur in the sheltered area immediately to the 
west of the western breakwater. During extended periods of waves from easterly direc-
tion, coastal erosion is likely to occur further westward from the structure. During ex-
tended periods of westerly waves, erosion will take place to the east of the eastern 
breakwater. The littoral sediment transport simulations showed that littoral transport in 
one direction (east or west) could be as high as 500,000 m3. Neglecting bypass of the 
structures and assuming that this sediment is eroded over a length of 1 km to a depth of 
5m, this leads to an average coastal setback of 100m, which represents very significant 
erosion. Some sediment bypass however occurs, so that on a larger scale it is unlikely 
that such changes will be seen over a long stretch of coastline, but significant local 
changes could occur.  

It is noted that the above considerations are for extreme conditions. Normal fluctuations 
are expected to be less, in the order of 50-60m (see Figure 11-5), but the design would 
have to be able to accommodate some erosion. In view of the uncertainties on sediment 
bypass patterns and large fluctuations associated with climatic conditions, a mitigation 
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approach based on a combination of capital nourishment and regular monitoring is rec-
ommended. Careful monitoring of the adjacent beaches should be carried out during 
construction of the breakwaters. This could for instance comprise monthly (or following 
any significant changes) mapping of the beachline at a given water level (e.g. MSL or 
high tide line). This is easily carried out by GPS tracking. 

 To create a buffer against significant erosion, part of the material dredged to form the 
new river channel may be used to nourish the adjacent beaches. The nourishment may 
be placed well back on the beaches to form dunes, so as not to not lead to excessive 
build-up of the adjacent beaches with risk of increasing the sediment influx into the 
breakwater entrance. 

 

Figure 11-5  Likely extent of local coastal setback (blue line) and under extreme conditions (red line) 

 

11.3 Salinity Impacts 

An assessment of the impacts of the training walls on saline intrusion was performed 
using DHI’s MIKE 3 modelling system. Details of the model setup and calibration are 
provided in Volume 4 of this report.  

Salinity changes are likely to occur at very low river flow conditions, when saline intru-
sion is at its maximum. Changes in salinity have been evaluated over a 7 day period be-
tween neap and spring tide conditions. The tidal elevation applied at the sea boundary 
for this period is shown in Figure 11-6. A constant river inflow of 5 m3/s for the Otara 
River and 10 m3/s for the Waioeka River was applied at the river boundaries an average 
low flow condition. Freshwater inflows into Huntress Creek (see Figure 11-7) have 
been ignored. The salinity for the open ocean boundary was 35 PSU while zero salinity 
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is assumed at the river boundaries. The model was “warmed up” for 2 days before the 
assessment simulation to ensure that a dynamic equilibrium had been reached from the 
assumed initial conditions.  

 

Figure 11-6 Tidal elevation at open ocean boundary.  

 

The impact of the training works is illustrated by considering the impacts on mean 
depth and time averaged salinity computed from the 3D model. Comparisons of the 
mean salinity have been made at a number of locations within the harbour as shown in 
Figure 11-7.   

 

Figure 11-7 Location of salinity comparisons. 

 

Huntress Creek 
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The results are summarized in Table 11-7. The mean salinity at the selected locations, 
averaged over the simulation period for the existing situation and trained river mouth is 
presented in Figure 11-8 and Figure 11-9 respectively. 

The results of the salinity modeling predict that the impact of the training works on sa-
linity levels will be confined to the lower reaches of the estuary.With the training works 
in place, salinity intrusion occurs further upstream than at present due to the increased 
conveyance of the river entrance, which results in an increase in the mean salinity. The 
impact upstream of the confluence is negligible, with an increase in mean salinity of 
less than 1PSU. The salinity impacts in Huntress Creek, which has been highlighted as 
ecologically important, are predicted to be negligible.    

Table 11-7 Mean salinity at selected locations. 

Location 
Mean Salinity (PSU) 

Existing Trained Difference 

Pt 1 16 25 9 

Pt 2 23 23 0 

Pt 3 22 22 0 

Pt 4 17 20 3 

Pt 5 17 19 2 

Pt 6 8 9 1 

Pt 7 8 8 0 
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Figure 11-8 Mean depth and time averaged salinity for existing situation, neap-spring tide.  

 

 

Figure 11-9 Mean depth and time averaged salinity for Option F, neap-spring tide. 
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12 SENSITIVITY TESTS 

In order to quantify some of the uncertainties in the modeling a number of additional 
sensitivity tests have been carried out, focusing on flood level impacts and potential 
scour. The uncertainties mainly relate to the volume of sediments originating from the 
rivers and which are delivered to the entrance area. In addition the effects of a more 
scour resistant entrance have been investigated, as well as the effect of wider training 
wall spacing on peak flood levels. 
 

12.1 Sensitivity to River Sediment Supply 

The depth of scour between the training walls is in part influenced by the volume of se-
diment originating from the upstream river flows. The morphological model utilizes a 
uniform d50 sediment size of 0.3mm. This has been determined from the sediment sam-
pling undertaken around the mouth, and this selection has been partly verified by the 
morphological model validation reported in Volume 4.  
 
An inherent assumption of the morphological model is that the supply of sediment at the 
upstream river boundaries is in equilibrium with the local sediment transport capacity. 
For the design flood conditions the river sediment inflows computed by the model have 
been shown to far exceed those estimated from the sediment analysis (see Table 11-4). 
This provides a conservative assessment of the flood impacts. 
 
If the availability of sediment from upstream is significantly less, it can lead to starving 
of the sediment supply and possible additional scouring downstream, which will influ-
ence the design scour depth between the training walls as well as possibly reducing 
flood levels. For this reason simulations were undertaken to test the sensitivity of the 
scour depths and flood levels with reduced sediment inflows at the river boundaries.  
 
A spatially distributed sediment map was created utilizing the sediment grab samples 
collected by during the field surveys as shown in Figure 12-1.  The sediment diameters 
are naturally larger in the upper reaches of the rivers, as the coarser sediments are de-
posited first as the river flow velocities decrease towards the coast. Application of the 
sediment map in the model will result in a reduced supply of sediment into the model 
through the river boundaries. 
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Figure 12-1  Sediment map generated from sediment grab samples. 

 

Two scenarios were selected for these sensitivity tests: (denoted SS1 and SS2) 

 SS1: Flood Impact Scenario 2 as shown in Table 11-2, which produced the 
maximum scour between the breakwaters for the design flood conditions. Sce-
nario 2 consisted of 1% AEP flood on the Waioeka River, a 5% AEP flood on 
the Otara River and a 5% AEP storm surge.  

 SS2: The extreme flood scenario from Section 9.4, comprising 1% AEP floods 
on the Waioeka and Otara Rivers and a normal tide. 

The minimum bed levels reached for the simulations are shown in Figure 12-2 to Figure 
12-5 and the results are summarized in Table 12-1. 
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Figure 12-2 Option F, minimum bed level. 1% AEP Waioeka River, 5% AEP Otara River, 5% AEP storm 
surge. Constant sediment diameter = 0.3mm. 

 

 

Figure 12-3 Option F, minimum bed level. 1% AEP Waioeka River, 5% AEP Otara River, 5% AEP storm 
surge. Spatially varying sediment map. 
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Figure 12-4 Option F, minimum bed level. 1% AEP Waioeka River, 1% AEP Otara River, normal tide. 
Constant sediment diameter = 0.3mm. 

 

 

Figure 12-5 Option F, minimum bed level. 1% AEP Waioeka River, 1% AEP Otara River, normal tide. 
Spatially varying sediment map. 

 

. 
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Table 12-1  Effects of reduced river sediment supply on maximum scour levels 

Scenario Minimum Bed Level 
(m, MSL) 

River Sediment 
supply (m3) 

SS1: constant sediment size -7.8 370,000 

SS1: sediment map -8.1 3,600 

Difference 0.3 - 

SS2: constant sediment size -7.5 378,000 

SS2: sediment map -7.6 3,900 

Difference 0.1 - 

 
 

The application of the sediment map to the model has resulted in the virtual elimination 
of the sediment supply at the upstream boundaries, which have been reduced by two or-
ders of magnitude compared to the case with a uniform 0.3mm sediment size. The re-
sults show that, with virtually no sediment inflows from the river boundaries, there is an 
increase in scour depth of approximately 0.3m with the worst case flood impact sce-
nario and only a minimal difference of 0.1m under the extreme (1% both rivers) flood 
scenario. Interestingly, the maximum scour reached for the EBoP design (SS1) case is 
higher than the more extreme SS2 case. This is due to a higher sediment load being 
transported to the entrance from upstream in the latter case. A maximum scour depth of 
-8.1 metres should therefore be adopted as the worst case scour for design purposes. 
 
The effects on peak flood levels in the worst case existing design condition are shown in 
Table 12-2. These show that the small increase in scour depth has only a minimal im-
pact on water levels close to the township. The large decrease at point P3 can be ex-
plained by local scouring close to the Waioeka River model boundary caused by the re-
duced supply of upstream sediments. 
 

Table 12-2   Effects of reduced river sediment supply on peak flood levels 

 Comparison Point 

Scenario 
P1 P2 P3 P4 

Peak Water Level (m, MSL) 
SS1: constant 
sediment size  

2.33 3.04 3.60 3.31 

SS1: sediment map 2.34 3.03 3.27 3.31 

Difference 0.01 -0.01 -0.33 0.00 

 

 

12.2 Sensitivity to a Scour Resistant Entrance 

The simulated scour depths reported above assume a homogenous distribution of sedi-
ment size with depth. The borehole logs taken during the field surveys indicate that a 
non-uniform distribution of sediments exists, both spatially and vertically. The align-
ment of the Option F training walls coincides with a borehole sample taken at point T5 
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(refer Vol. 5, Annexure 5). This sample has been analysed to provide a grain size distri-
bution through the vertical (Refer Vol. 5, Annexure 5). The d50 sediment size as a func-
tion of level is shown in Table 12-3. 

Table 12-3  Sub-surface Sediment analysis at Borehole T5 

Level (m MSL) d50 (mm) 
-3.0 1.25 
-3.5 2.36 
-4.0 0.60 
-4.5 0.50 
-5.0 1.00 
-5.5 1.18 
-6.0 1.18 

 

The analysis indicates that typical sediment d50 sizes in the order of 1mm exist in the 
sub-surface layers in the entrance area. In order to determine the impact on flood levels 
of a more scour resistant entrance area comprising this larger sediment size, a simula-
tion has been carried out assuming a 1mm sediment size in the river entrance and 
0.3mm elsewhere. The worst case (climate change) condition has been used as a basis 
for the comparison.  

The results shown in Table 12-4 indicate that allowing for a larger sediment gain size in 
the river entrance area does not alter the impacts of the training walls significantly com-
pared to the previously assessed impacts shown in Table 11-3.  Compared to the worst 
case impacts in that case, the increase in water level rise is 1-2cm assuming a larger 
grain size at the entrance. The analysis is in any case conservative as it assumes a larger 
sediment size at all depths in the entrance channel, whereas the surface sediments are 
known to be significantly smaller. The flood level increases shown here, based on the 
climate change conditions, can therefore be considered an extreme worst case. 

Table 12-4  Effects of increased entrance sediment size on peak flood levels 

 Comparison Point 

Scenario 
P1 P2 P3 P4 

Peak Water Level (m, MSL) 

Base  2.84 3.71 4.18 3.97 

Scour resistant 
entrance 

3.08 3.80 4.29 4.06 

Difference 0.24 0.09 0.11 0.09 

 

12.3 Sensitivity to Increased Training Wall Spacing 

In order to attempt to improve the flood release behaviour of the training walls, two ad-
ditional simulations were undertaken with wall spacings increased by 20m and 40m, to   
140m and 160m respectively. 
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The scenario chosen for flood impact sensitivity tests was the climate change simulation 
from Section 11.1.7, as this was the worst case for flood levels. The results from the 
flood impact sensitivity tests are summarized in Table 12-5. 

Table 12-5 Effects of increased training wall spacing on peak flood levels (m MSL)  

 Comparison Point 

Scenario 
P1 P2 P3 P4 

Peak Water Level (m, MSL) 

Base 2.67 3.58 4.08 3.87 

140m wall spacing 2.94 3.70 4.17 3.98 

Difference 0.27 0.12 0.09 0.11 

160m wall spacing 2.88 3.67 4.17 3.95 

Difference 0.21 0.09 0.09 0.08 

 

The simulations show that increasing the width between the training walls does not sig-
nificantly improve the flood release behaviour. The reason is that with increasing wall 
spacing, the flow velocity between the walls decreases, which reduces the depth of 
scour. Table 12-6 shows the mean scour depth achieved at the flood peak as well as the 
approximate cross sectional area, below zero MSL.  The cross sectional area increases 
slightly when the width is increased from 120m to 140m, however this is not sufficient 
to significantly improve flood release. The cross sectional area is the approximately the 
same for the 140m and 160m widths.  

Table 12-6 Dimensions of channel between training walls at flood peak.  

Training Wall Width (m) Mean Scour Depth MSL (m) Cross Sectional Area (m2) 

120 -7.05 846 

140 -6.34 888 

160 -5.52 883 

  

12.4 Conclusions 

The sensitivity test results support the conclusion that the Option F training walls will 
increase peak levels slightly compared to the existing situation. Some form of mitiga-
tion will be required to improve flood release with this layout if no water level increase 
is accepted, however increasing the width between the breakwaters is not a viable op-
tion. Mitigation options are investigated in the following section. 

Entrance scour is slightly affected by the assumption of drastically reduced river sedi-
ment inflows. As an upper limiting value, a maximum scour level of -8.1m is recom-
mended. The assumption of a more scour resistant entrance results in a marginal in-
crease in the flood level impact of 1-2cm. 
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13 MITIGATION OF FLOOD IMPACTS 

The flood impact assessment undertaken in Section 12.1 indicates that adverse impacts 
in terms of water level increases around Opotiki Township are likely to occur for a 
range of design flood scenarios as a result of the river entrance training works. Any 
works which increase the flood risk to Opotiki above current levels are unlikely to be 
acceptable unless mitigation is provided. The options for mitigating against the pre-
dicted impacts are either to improve the existing flood defences, or reduce the predicted 
increase through additional works. 

13.1 Raising of Existing Stopbanks 

The existing urban stopbank system on the right bank of the Waioeka and left bank of 
the Otara provides a level of flood protection to the township to nominally a 1% AEP 
flood event with an additional 45cm freeboard allowance.  

There are three possible options for raising the levels of the existing stopbanks to miti-
gate against the increased flood levels caused by the river entrance works. These are: 

 Additional earthworks construction 

 Construction of a low flood wall on top of the existing embankments 

 Temporary flood protection works, such as inflatable barrier 

The total length of stopbank which would require raising is estimated to be approxi-
mately 5km. Raising of the existing embankments through earthworks may require ad-
ditional land acquisition within the Opotiki urban area if the current side slopes are to be 
maintained. Note that the town stopbanks were recently raised through additional 
earthworks in 2001-2002 following the 1998 flood. 

A flood wall construction on top of the existing stopbanks would require careful engi-
neering design to ensure the existing protection is not compromised. As the predicted 
increase in water levels is only small (maximum of 10cm under existing conditions, or 
13cm with climate change), the flood wall itself would comprise only a quite modest 
construction. 

Further investigations are needed to determine whether permanent raising of the stop-
banks is feasible. 

Temporary flood barriers, such as the inflatable barrier shown in Figure 13-1, require an 
early warning of the flood event to allow time for deployment. Sufficient manpower 
would be required to ensure a complete line of protection along the 5 km of stopbank 
could be assembled in time. Quoted assembly time is 60 metres per hour for a two man 
team, hence ten teams could assemble the required defence in approximately 8 hours.  
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Figure 13-1  Temporary inflatable flood barrier (photo courtesy NOAQ Flood Protection AB, Sweden) 

 

In 1998 the time between peak levels being reached at the Waioeka Gorge cableway sta-
tion and Opotiki Wharf was just under 4 hours, hence reliance on observations as early 
warning is not feasible. Early warnings could be made through the use of a real time 
flood forecasting system, using observed and forecast rainfall feeding into the EBoP 
MIKE 11 river model to produce forecasts with a probable lead time of 12-18 hours. 
DHI have established a similar system for the Waikato River as well as for many other 
river systems in other countries. 

13.2 Confluence Realignment 

13.2.1 Description 
The possible realignment of the Waioeka-Otara confluence for the purposes of reducing 
the flood risk to Opotiki has been investigated previously (Coleman et al., 2001 and 
EBoP, 2001b). The aim of the realignment, shown in Figure 13-2, is to provide a more 
direct path to the sea for the Waioeka flows by through cutting through the left bank up-
stream of the confluence.   

This has the benefit of reducing the large head losses that occur at the existing conflu-
ence during high flows, which are caused by the meeting head-on of the opposing flows 
in each river. By realigning the confluence, the effective flow length for a portion of the 
Waioeka flows is reduced, and it is expected that this, coupled with reduced energy 
losses at the confluence will result in a reduction of flood peak levels at the confluence 
and upstream. 

The 2001 EBoP study included a detailed investigation of various confluence realign-
ment options supported by the Coleman physical modelling work. The geometry of the 
confluence is constantly changing and surveys from the 1860’s show the confluence 
was located further west at that time and the approach angles of the Otara and Waioeka 
rivers was less adverse than at present. During the 1998 floods (the largest since 1964) 
the effect of the current confluence alignment was greater than anticipated, with the de-
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sign freeboard being reached during this event (2.5% on the Waioeka) even though the 
stopbanks were designed for a 1% event at that time. A number of different confluence 
realignment options were considered as part of the EBoP study, including different cut 
channel geometries, closure of the existing channel and different levels of stopbanks on 
the Waioeka left bank. 

The stopbank raising undertaken in 2001-2002 following the EBoP study made an al-
lowance for the future implementation of the confluence realignment. Stopbanks up-
stream of the confluence were raised to a 0.5% level of protection while those further 
downstream and closer to the confluence were raised to a 1% level of protection, taking 
into account the elevated water levels caused by the current confluence alignment. The 
strategy behind this construction was that if in future a 0.5% level of protection was jus-
tified it could be accomplished through the confluence realignment alone without fur-
ther stopbank raising. 

The report included a preliminary estimate of the construction costs. These are summa-
rised in Section 7.6 of Volume 3 of this report. 

 

Figure 13-2  Proposed confluence realignment. 
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13.2.2 Model Investigations 
Flood impact simulations were rerun using a bathymetry incorporating the proposed 
bend cut to assess the impact on flood levels. The new bathymetry is shown in Figure 
13-3. The channel cut geometry was based on that tested by Coleman (“Initial Cut” sce-
nario), and comprises a 100m wide channel, with a uniform bed level of -2.5m MSL.  

 

Figure 13-3 Model bathymetry incorporating confluence realignment. 

 

The flood impact simulations described in Section 11.1 were repeated, including the 
climate change simulation for the worst case, and are summarised in Table 13-1.  

Table 13-1 Matrix of flood impact simulations with mitigation.  

Model Boundary Flow – Storm Surge Level AEP 
Scenario No. 

1 2 3 4 
(climate change) 

Waioeka Flow 1% 5% 5% 1%  AEP + 30% 
Otara Flow 5% 1% 5% 5% AEP + 28% 
Sea Level 5% 5% 1% 5% AEP + 0.49m 

 

The peak flood levels results from the simulations are shown in Table 13-2. The com-
parison points are at the same locations as Section 12.1 and are shown in Figure 11-2. 
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Table 13-2 Peak water levels from flood mitigation scenario runs (m MSL) 
    Comparison Point 

Scenario River Entrance P1 P2 P3 P4 
Condition Peak Water Level (m, MSL) 

1 Existing 2.13 2.95 3.50 3.24 
Trained + Mitigation 2.26 2.83 3.43 3.13 
Difference 0.13 -0.12 -0.07 -0.11 

2 Existing 2.05 2.75 3.00 3.36 
Trained + Mitigation 2.18 2.63 2.87 3.31 
Difference 0.13 -0.12 -0.13 -0.05 

3 Existing 2.39 2.9 3.12 3.18 
Trained + Mitigation 2.55 2.85 3.04 3.15 
Difference 0.16 -0.05 -0.08 -0.03 

4 Existing 2.67 3.58 4.08 3.87 
Trained + Mitigation 2.88 3.50 4.02 3.81 
Difference 0.21 -0.08 -0.06 -0.06 

 

The results show a significant decrease in peak flood levels at the confluence and up-
stream. Incorporating the confluence realignment has resulted in a decrease in flood 
levels around the township for the trained entrance option compared to the existing case, 
for all scenarios, including the climate change scenario. Figure 13-4 shows the decrease 
in water levels around the confluence area for Scenario 1. Water level increases are still 
predicted close to the river entrance, which is expected as the confluence realignment 
does not improve water levels downstream. An increase in peak flood levels at this loca-
tion is not considered important however as there are no properties or population at risk.  

 

Figure 13-4 Difference in water levels at flood peak (Scenario 1) with bend cut.  
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13.2.3 Potential Impacts 
Realignment of the river confluence will not be without its impacts, and the most impor-
tant to consider are the possible morphological changes resulting from the new channel 
construction. A detailed investigation of impacts is beyond the scope of the present 
study, however a preliminary assessment based on the observed changes in flows at the 
confluence can be made. 

 

 

Figure 13-5 Flow velocities at flood peak (Scenario 1) existing (top) and Option F with bend cut (bottom)  
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Anecdotal evidence suggests that the current alignment geometry of the confluence is 
reasonably stable, although there is some evidence of erosion on the right bank imme-
diately downstream of the confluence. This observation is consistent with the simulated   
flow field shown in Figure 13-5 (top) for the existing situation, which shows high veloc-
ities in this region.  

The proposed bend cut on the Waioeka is located on the inside bend of the river and 
may over the longer term have a tendency to silt up. The rate infilling cannot be esti-
mated at this stage, although it is felt that infilling can be reduced through additional 
river training works. 

The existing scour hole at the confluence immediately in front of the existing wharf has 
developed as a result of turbulence that currently occurs as the flows from the two rivers 
meet head on. A realignment of the confluence may lead to filling in of this hole, how-
ever the rate and extent of filling cannot be estimated at this stage. Infilling in this area 
may impact in the longer term on the available vessel draft at the wharf. 

On the positive side, the simulated flow field indicates that with the bend cut in place, 
the erosion on the right bank downstream of the confluence may be reduced due to low-
er velocities in this area. 

Some further morphological modelling using a specialized river morphological model 
such as MIKE 21C is required to quantify these impacts.  
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14 CONSTRUCTION AND MAINTENANCE ASSESSMENT 

14.1 Construction Assessment 

In addition to the post construction impacts, there will be potential impacts during con-
struction including: 

 Morphological impact on existing river mouth 

 Morphological impacts on adjacent coastline 

 Impacts on flooding 

 Impacts from dredging 

These impacts will to a large extent be determined by construction methodology and se-
quencing, which has not been determined at this stage. The present section provides an 
initial assessment of some of the issues based on the outcomes of the model investiga-
tions. 

14.1.1 Impacts on Existing River Mouth and Adjacent Coastlines 
Potential impacts to the existing river mouth during construction will primarily depend 
on the construction sequencing, timing and climatic conditions during the construction 
period. 

The western breakwater (assuming Option F) will be relatively close to the existing 
river mouth, and as the breakwater is extended out from the coastline, the sheltering ef-
fect from the structures on the existing river mouth will increase. There are a number of 
possible scenarios that could occur during construction: 

 For predominantly westerly transport, the breakwaters will tend to block the 
transport and reduce the sedimentation in the river channel. This could poten-
tially lead to some erosion of the sand spit to the east of the river mouth. 

 For predominantly easterly littoral transport (waves from westerly directions), 
accumulation up against the breakwater can lead to accretion of the coastline be-
tween the river mouth and the breakwater, which potentially can lead to a small 
extension of the river channel with additional roughness. Extended rough waves 
from west could lead to additional choking of the river mouth by the breakwater. 

 Over a period of time, the sheltering of transport from east may cause the river 
mouth to start to migrate towards the breakwater. 

As there is presently no significant traffic through the river mouth due to the choked up 
conditions, the impact during construction on navigation are judged to be small. 

To minimise the period of impact, it is suggested to start with the eastern breakwater, or 
run the two out in parallel. As the net transport is expected to be westerly (although 
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there are very large annual variations in this), it is also considered advantageous from a 
construction point of view to start with the eastern breakwater. 

Stockpiling of material should be adjusted based on observations from site. If there is a 
heavy build-up of material between the existing river mouth and breakwater to an extent 
that it is considered an additional flood risk, it is not advisable to use this area. If, on the 
other hand, easterly waves are leading to erosion of the sand spit to a point where there 
is risk of breach, it may be advisable to use this area for stockpiling of sand to prevent a 
breach. 

14.1.2 Impacts on Flooding 
If the construction leads to severe choking or constriction of the river mouth, there is a 
risk of impacts on flooding in the event of a major flood occurring during construction. 

Assuming that construction is carried out independently of the river mouth, there is, as 
outlined in the previous section, a possibility that significant sediment accumulation can 
take place in the area between the river mouth and the western breakwater. This area 
would normally scour during a major flood event, and if a large volume has accumu-
lated, this scouring could take longer than without the breakwaters. 

As the local coastline development is dependant upon the wave climate and sediment 
transport, which is highly variable from year to year, it is not possible to predict the de-
velopment and plan accordingly. Regular monitoring during construction should take 
place, and a contingency plan should be put in place if excessive sediment accumulation 
takes place. 

The further the breakwater extends from the existing coastline, the larger will be the po-
tential impacts on the existing coastline and the river mouth. It may be considered to 
construct the breakwaters in parallel and part way out, and then relocate the river mouth 
before finishing the breakwaters. The cost implications on the construction methodol-
ogy would also need to be considered. 

14.1.3 Impacts from Dredging 
Dredging will be required to open the new river mouth. As the dredging will take place 
in the existing beach material, which primarily consists of coarse sand, any impacts 
from sediment plumes emitted from the dredging will be small. Monitoring of sus-
pended sediment loads before and during construction may be necessary in environmen-
tally sensitive areas near the construction site. 

14.2 Maintenance Dredging Requirements 

Longer term maintenance of the constructed entrance will revolve mainly around main-
taining the navigation requirements through occasional dredging.  The channel width 
and depth are closely linked. A narrower channel will entail better sediment flushing 
and ensure a better navigation depth, but will increase the risk of upstream flooding im-
pacts and significant scouring. The adopted channel width (120m) is considered the 
minimum width to avoid significant flooding impacts, but is not optimum in terms of 
flushing to maintain the navigation depth. The relatively wide channel adopted (relative 
to the flow under normal and low flow conditions) will lead to relatively poor flushing 



     

 
 

50073-Opotiki-Vol2-MainModellingReport-04.doc 142 DHI Water & Environment 
 

conditions and risk of sedimentation as well as a potentially meandering channel in re-
sponse to variable climatic conditions.  

Two main scenarios which may require maintenance dredging have been identified 

a) A prolonged period of adverse wave conditions coupled with low river flows 
which leads to sedimentation within the breakwater walls 

b) A severe flood which leads to the development of a large delta just seaward of 
the entrance, creating an area of shallow water and restricting navigation. Addi-
tional wave breaking here and in the entrance area may not only inhibit naviga-
tion directly but may transport sediment back into the navigation channel. 

Both the above scenarios have been modelled to assess the extent of loss of navigability 
and the potential recovery conditions required for the entrance to return to a navigable 
state. 

A summary of the important factors and findings is given below: 

i.) The gross sediment transport along the coast has been shown to be highly vari-
able (700,000 – 900,000m3/annum – See Vol. 4 for details).  

ii.) Because of the short nature of the proposed breakwaters which terminate within 
the surf zone, the volume of sediments which could enter the trained entrance is 
potentially quite large, and higher when compared to longer structures which ex-
tend past the surf zone.  

iii.) The sedimentation that may occur inside the breakwaters [scenario (a) above] 
within a given period is highly dependent on the wave climate (wave direction 
and wave height), whereas the ability of the channel to self-scour is dependent 
on river flows. The potential channel sedimentation is therefore dependent on 
joint occurrences of higher sediment ingress and low flushing conditions. 

iv.) A worst case scenario comprising 10 month lows flows coupled with an adverse 
wave climate (waves from the same direction) was modelled in Section 8.1. This 
shows the breakwaters drawing sediments in from the sea and leading to sedi-
mentation within the channel along the western breakwater of up to 1.5 m. The 
statistical probability of this event has not been determined. 

v.) Should sedimentation occur following a period of adverse waves and low river 
flows, the modelling predicts that a flood event occurring on average once every 
6 months would be sufficient to scour the channel to the acceptable navigation 
depth. 

vi.) Following a severe flood event (100 year in each river), the ebb delta which 
forms at the seaward end of the breakwaters will take approximately 10 months 
to break down and provide a return to acceptable navigation conditions. Analy-
ses of ebb delta formation and breakdown for lesser floods have not been under-
taken. 

vii.) A “typical” 12 month simulation shows that a navigation depth of 4.3 m over a 
60m width is maintained throughout the year. 
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The modelling undertaken in itself is insufficient to provide a quantitative assessment of 
possible maintenance dredging requirements. The modelling has focussed on assessing 
the behaviour of the breakwaters in the worst case conditions, but the statistical prob-
abilities of some of these events, and assessments of behaviour under conditions that 
may be encountered more frequently, have not been undertaken. This in fact would be a 
significant task associated with large uncertainties due to the complexity of the balance 
between sedimentation and flushing and the large statistical variations encountered. 
With the short breakwater option, there is an indefinite number of scenarios that would 
require investigation in order to make a full quantitative assessment. 

The most likely reason for dredging will be due to sedimentation within the breakwaters 
following a period of sustained low flows and adverse wave conditions. A judgement 
based on experience and the knowledge acquired in the current study, would be that 
dredging may be required at intervals of 3-5 years. The volume of sediments to be re-
moved would be quite modest. Assuming a quite severe situation requiring dredging of 
the half the width of the breakwater, over two thirds of its length and to a depth of 2m, 
the volume of sediment to be removed would be 36,000 m3, which would take approxi-
mately 7-10 days of dredging.  

The dredging requirements are expected to a large degree to depend on the adaptability 
of local users. If the users can adapt to a variable channel alignment and periods with a 
potentially narrower and/or shallower channel, the dredging requirements are expected 
to be limited. 

A less likely reason for dredging will be the formation of an ebb delta following a major 
flood event. Although the potential volumes of sediment deposited will be large, these 
will be redistributed, possibly quite quickly depending on the wave conditions. As such 
events are by definition rare, dredging following such an event will be necessary only 
very infrequently. 

On the occasions where dredging is required, the dredge spoil can be used to nourish the 
beaches either side of the new entrance as a safeguard against coastal setback impacts 
(see Section 11.2)  
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15 CONCLUSIONS 

The modelling study described in this report has investigated in detail the effectiveness 
and likely impacts of two options for training the Opotiki river entrance for the purposes 
of improving the navigability to the harbour. The two options were selected after an ini-
tial screening process, both located to the east of the existing river entrance and there-
fore requiring a new channel to be constructed through the existing sand spit. The rea-
sons for repositioning the entrance are mainly to reduce potential upstream flood 
impacts by minimising hydraulic losses through a shorter flow path.  

The two options considered comprised curved and parallel breakwater options (Option 
D and Option F respectively). Cost constraints have dictated that the walls are made as 
short as possible and for this reason the breakwaters extend to relatively shallow water 
at 4m depth, therefore terminating within the current surf zone of the coast. This con-
straint has greatly complicated the analysis of the structures, and it must be recognised 
that the design carries a greater risk of non-performance compared to a more typical de-
sign which extends past the surf zone into deeper water. Nevertheless, it is felt that the 
short breakwater option will still provide substantial improvements to navigability com-
pared to the existing situation. 

Of the two options subjected to the further analysis described in this report, the curved 
breakwater (Option D) has been ruled out on the basis of inferior sediment flushing per-
formance and likely increased cost compared to the parallel training walls of Option F. 

The conclusions of the modelling study reported below therefore are focussed on the se-
lected preferred layout, Option F. (Figure 15-1), comprising twin training walls, 460m 
long and with a nominal spacing of 120 metres. 

 

Figure 15-1  Preferred Training Wall layout, Option F. 
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15.1   Navigation 

A separate navigation study (Vol. 5, Annexure 3) has recommended the desired naviga-
tion criteria as: 

 Depth of 4.4m at mid-tide within the entrance channel over a minimum 60m 
width. 

 Access for wave heights of up to 2m.  

It was later suggested that the draft requirement could be reduced to 3.7m.  

The modelling suggests that the original criteria will not be met 100% of the time due to 
the following reasons: 

a) During sustained periods of low flow coupled with adverse wave conditions, 
sedimentation will tend to occur within the channel, with a large shoal forming 
against the western wall. 

b) After an extreme flood event, the sediment scoured out of the channel and 
brought down by the rivers will form a delta in front of the breakwater entrance, 
leading to shallow water depths. 

c) Under adverse wave direction conditions, access on strong flood tides will be 
difficult due to the interaction with wave driven currents. These conditions are 
expected to occur around 2% of the time. 

These conditions arise due to a combination of the short length of the structures re-
quired to meet cost constraints and the minimal wall spacing needed for flood release 
capacity. 

The modelling indicates that should sedimentation under the adverse conditions de-
scribed in case a) occur, natural flushing could be achieved following a modest flood 
event that would occur on average every 6 months. The frequency at which the adverse 
wave and low flow conditions combine to cause unacceptable sedimentation in the 
channel cannot be quantified from the modelling that has been undertaken. However a 
judgement based on experience and knowledge acquired through the course of the study 
would suggest that maintenance dredging may be required every 3-5 years. The vol-
umes to be dredged would be quite modest, in the order of 35,000 m3 assuming rea-
sonably severe sedimentation had occurred. 

Following a major flood event, the modelling indicates that a delta which forms after an 
extreme flood event will take up to 10 months to breakdown (assuming low river flows 
during this period) and therefore restore the full navigation conditions. This is consid-
ered an extreme case and under more probable conditions the delta breakdown and 
therefore restoration of the target navigation conditions can be expected to occur earlier. 
Dredging of the entrance may be considered after an extreme flood event to return the 
channel to a navigable condition. 

A one year simulation based on 2003 wave and flow data has shown that under typical 
wave and river flow conditions, the original navigation criteria will be met approxi-
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mately 63% of the time, but a slightly reduced criteria of 4.3m depth will  be met 100% 
of the time. 

The proposed river training works provide vastly improve navigation conditions com-
pared to the existing situation, where the river entrance is often completely unnavigable 
(64 days in 2007), and the maximum draft in the most favourable conditions is restricted 
to less than 1.5 metres.  

15.2 Sediment Transport 

The volume of river sediments reaching the entrance is an important factor in the sus-
tainability of the training works, as excessive sediments will impact on the ability of the 
trained entrance to maintain the navigation depth under normal flow conditions. An as-
sessment of the volume of river sediment delivered to the entrance has been undertaken 
using a combination of modelling and analysis of the existing data. 

The analysis concludes that only relatively coarse sand with a grain size of 250µm, 
(0.25mm) or higher will affect the river entrance morphology, with all smaller fractions 
being considered as wash load and therefore not affecting the coastal morphological de-
velopment. Based on this premise and an analysis of sediment data in each river, the an-
nual volume of sand reaching the river entrance is approximately 10,300 m3. This com-
pares to an earlier value of 15,000m3 estimated by Dahm and Kench (Dahm and Kench, 
2002), and is consistent with the observation of a relatively stable, non-advancing coast-
line at Opotiki.  

The relatively low annual sediment delivery rates to the coast are positive in terms of 
the proposed training works as it means long term sedimentation of the entrance from 
river sediments should not be an issue. 

During more extreme events, significantly larger volumes of sediment will be carried by 
the rivers. The combined 100 year river sediment load is estimated to be 55,000 m3.  

The modelling undertaken to investigate navigation, sedimentation and flooding issues 
takes a necessarily conservative approach with regard to river sediment loading, and the 
assumed inflows to the model are many times higher than the above estimates based on 
the data. This very conservative approach is necessary due to the typically high uncer-
tainties surrounding the sediment transport calculations, which can vary greatly depend-
ing on the different theories applied. 

15.3 Entrance Scour 

The enlargement of the existing river entrance during flood events occurs naturally 
through mainly lateral scouring through the sand spit. In a trained entrance scouring will 
be constrained to take place vertically, and an assessment of the maximum depth of 
scour is needed to ensure stable design of the structures. 

The maximum scour depth reached under an extreme flood event (100 year flood on 
each river) is estimated to be -7.5m MSL. This assumes however a high sediment in-
flow to the rivers as described in the previous section. Taking a more conservative ap-
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proach and assuming near zero sediment inflows, the modelling predicts the scour depth 
to increase to -7.6m MSL. 

For the worst case design condition (1% flood on Waioeka, 5% on Otara and 5% surge), 
the maximum scour depth reached is -7.8m MSL assuming a large sediment inflow at 
the boundary and -8.1m MSL assuming near zero sediment inflows. A maximum scour 
depth of -8.1 metres should therefore be adopted as the worst case scour for design pur-
poses. 

The scour estimates above assume a vertically uniform sediment grain size of 0.3mm at 
the entrance which is a conservative assumption. Boreholes logs at the site indicate an 
increase in sediment size with depth to around 1mm at -6m MSL, which would tend to 
retard the scour somewhat and therefore the above estimates can be considered as upper 
limiting values.   

15.4 Flood Assessment 

Due to the current risk to Opotiki township from floods, the training works are ideally 
required to have a zero impact on existing flood levels. Flood impacts have been as-
sessed using a combination of models: 

 The morphological model which includes the dynamic enlargement of the river 
entrance, but does not allow of upstream floodplain flows 

 A 1D-2D hybrid fixed bed model, which includes a detailed description of the 
river overtopping and floodplain flows. 

The flood impacts have been assessed on a range of combinations of flood and storm 
surge event probabilities. Under existing climatic conditions, the morphological model 
predicts water level increases at, and upstream of, the confluence to increase by a 
maximum of 10cm in the worst case (comprising 1% flood on Waioeka, 5% on Otara 
and 5% surge). Without the elevated sea levels (ie in normal spring tide conditions) a 
decrease in flood levels of between 1-6cm is predicted.  

In order to verify the result taking into account floodplain spilling, the MIKE FLOOD 
model was run with the worst case scenario and produced predicted increases of be-
tween 2–5cm. The model assumed a fixed bed bathymetry at the entrance corresponding 
to the maximum depth reached with the morphological model. 

Both models therefore indicate a simular trend of increased flood levels, with maximum 
increases of between 5–10cm being predicted. 

Future climate change was taken into account by increasing the river flows by 28-30% 
and raising the sea level by 0.49m. In the worst case condition, this increases the maxi-
mum flood level impacts by a further 3-4cm. 

Widening of the training wall spacing to 140m and 160m was tested as part of a sensi-
tivity analysis, but this did not produce an appreciable reduction in flood levels, as the 
scour depth reached in each case adjusted to the increased width with no significant 
change in the entrance channel cross sectional area. 
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In order to place an extreme upper limit on the flood impacts, the morphological model 
was run assuming a scour resistant entrance, comprising a uniform sediment grain size 
of 1.0mm, which represents the mean diameter below -5.0m MSL. This leads to an in-
crease in flood levels for the worst case condition of between 9-11cm, which is 1-2 cm 
more than the original flood impact assessment. This is a conservative estimate as it as-
sumes a much coarser grain size than actual throughout the whole likely scour depth in 
the entrance area, and is based on the worst case climate change scenario. 

Mitigation of the predicted flood impacts is possible in two ways: 

 Rasing the level of protection of the existing flood defences 

 Reducing the impact of the training walls 

The total length of stopbank which would require raising is estimated to be approxi-
mately 5km. Raising of the existing flood defences may be undertaken as either perma-
nent or temporary works. Permanent works include additional earthworks to raise the 
stopbanks, or the construction of a small flood wall on top of the existing earthen struc-
ture. Any permanent construction on top of the existing stopbanks would require careful 
engineering design to ensure the existing protection is not compromised. The feasibility 
of raising the stopbanks through permanent works requires additional investigations.  

Temporary (eg inflatable) flood barriers installed on the top of the existing stopbanks 
may be an option, in which case a flood forecast warning system would need to be es-
tablished to provide adequate lead time for deployment.  

The second option (reducing the impact of the training walls) has been investigated in 
some detail, and follows an earlier proposal for a bend cut in the Waioeka River left 
bank, upstream of the confluence.  The cut, which comprises a 100m wide channel with 
a uniform bed level of -2.5m MSL, was introduced in the model and all design scenar-
ios, including climate change were reassessed. 

The model predicts a general reduction in water levels around township of approxi-
mately 20cm compared to the trained entrance without the cut. Compared to existing 
flood levels, the peak flood levels, under existing climatic conditions, for the trained en-
trance including the bend cut are reduced by between 3-12cm around the town, and by 
6-8cm for the climate change scenario.  

Raising of the existing flood defences and the bend cut both provide a means to mitigate 
the impacts of the river entrance training works. The feasibility or otherwise of both op-
tions require further investigation.  

The impacts of the bend cut on the morphology of the confluence have not been investi-
gated at this stage. The bend cut, located on the inside of the river bend may have a ten-
dency to silt, but it is felt this effect can be mitigated through suitable river training 
works. The long term effects on the river bathymetry in front of the wharf need to be in-
vestigated as suitable a navigation depth need to be maintained in this area. 
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15.5 Coastal Impacts 

The study has concluded that while the low net longshore sediment transport rates are 
small (7,600 m3 per year towards the west), the gross sediment transport (total transport 
in either direction along the coast) is relatively high, estimated to around 700,000-
900,000 m3/year. These results indicate that although the long term coastal impacts on a 
regional scale will be small, the high gross sediment transport rates can lead to rapid lo-
cal morphological impacts.  

In the extreme case, average coastal setback of up to 100m could conceivably occur. 
Normal fluctuations are expected to be less, in the order of 50-60m (see Figure 15-2), 
but the design would have to be able to accommodate some erosion and therefore a 
mitigation approach based on a combination of capital nourishment and regular moni-
toring is recommended. 

 

Figure 15-2  Likely extent of local coastal setback (blue line) and under extreme conditions (red line) 

15.6 Salinity Impacts 

The effects of the proposed river training works on salinity in the estuary have been as-
sessed using a 3D model of the estuary area. The assessment is based on a low river 
flow situation when salinity effects are most prevalent, and investigates the changes in 
salinity levels over a typical 7 day neap to spring tide period. 

The modelling predicts that changes to salinity levels under these conditions will be lo-
calised and mainly confined to the lower downstream part of the confluence. Changes in 
the mean 7 day salinity range from 9PSU (parts per thousand) at the river mouth to 
2PSU at the confluence. Changes in salinity in Huntress Creek are insignificant. 
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From: Kerry Black [k.black@asrltd.co.nz] 
Sent: Tuesday, 12 February 2008 09:50 
To: Steve Everitt; Jim DAHM ; philip.wallace@actrix.co.nz 
Cc: Vaughan PAYNE; Kerry Black 
Subject: RE: Opotiki modelling reports - final submission 
 
Dear Steve 
 
I have been through the reports on the weekend and yesterday. My view is that: 
 

 DHI have satisfactorily addressed the issues I raised.  
 The work is technically adequate  
 The information they have provided is detailed and sufficient  
 The conclusions are open and they note both the positive and negative aspects of 

the proposed scheme.  
 
As such, it should be possible for Council and EBoP to make informed decisions with respect 
to the scheme. 
 
 
All the best 
Kerry Black 
 
 
Dr Kerry Black 
Managing Director, ASR Ltd 
Post:   PO Box 67, Raglan, New Zealand 
Physical: 1 Wainui Rd, Raglan 
Ph  +64 7 825 0380 
Fax + 64 7 825 0386 
Mobile  +64 (0) 21 367 277 
www.asrltd.co.nz 
 


