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1 E  

Bo ) have commissioned DHI Water and Environment 

-

 

 the hydrodynamics, morphology and water 

 

Historically the Kaituna River entered the sea via the 

occurring events and human intervention have 

reduce or even reverse sedimentation within the estuary and in particular change the estuary 

 

i

-establis

 

collection campaign was carried out which included bathymetry, sediment grab samples, salinity 

urces) to 

 

The numerical models were utilised to assess the hydrodynamic, morphological and water 

 

 

proposed re-  

  

 

  lower Kaituna River, estuary and in particular   

  

 -compliance with blue-

New 

the river; and 

 

 

There was no long term wave r

numerical mod
3
/yr 

n assessed and were 
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produced 

he proposed option:  

 The proposed optio

estuary  river 

 

 Within the lower river, it is unlikely   

 At present t

 unless the delta reduces 

 with the proposed option in the short term, but will decrease 

the   

  entrance rock 

 

 The curre

eas, 

 

 Although there will be additional , there is no 

evidence that this will increase the risk  scour Papahikahawai 

 

 The estuary mouth will switch 

reduce 

 

 T   

 The proposed option will not have a  impact on the morphological behaviour 

  

 There will be an  low- , however these 

   

  

 Overall mean salinities will d  

in salinity is dependent on  the location within the estuary  

 For mean upstream 

 in the Kaituna River low river  

upstream   200 –  

 

compensating  

 There will be an increase in the salinities at the Titchmarsh intake within the lower 

 

 

 the New Zealand 

guidelines blue-green algae will be  
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-  

 For the baseline and rain event nutrient assessments, it is predicted that the proposed 

option will only have a small impact on mean nutrient levels within the estuary 
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2 Introduction 

DHI to carry out a numerical modelling assessment to assess the 

-  and 

 

   

The Kaituna River and  are l
2

 

The Kaituna River enters 

The m

Figure 2-1  

 

 

Figure 2-1  

 

the 

with the  events and human 

intervention  

The river entered the estuary at the western end close to Papahikahawai Island
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Papahikahawai Island assing through what is known as 

 

 n 1922 a canal called 

the estuary; 

 

on scheme a 

 the Kai

Estuary The Ford’s 

ble to enter the estuary via seepage through stop banks 

marsh in the upper estuary  

  

River Lake Ltd, 

 

3
 or 13,640 m

3

During this period the  

entrance also cha

 delta 

 

In 1996 a partial re- rom the river to the estuary was achieved by 

Ford’s 

gates were designed to allow 100,000 m
3
 Ford’s 

tidal cycle, however subsequent studies predict  

150,000 m
3 

  

Although the Ford’s -

d  

 

For this reason, numerous studies  have 

been carried out since the 1996 Ford’s  partial re-diversion 

 

 Re- : Hydraulic Modelling and 

 

 Kaituna River to  Re-diversion – Recommended Options, 

 

 Kaituna River to  Re-

Hydrodynamic Impact Asses  
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 Lower Kaituna River – : Initial Water Quality Modelling, DHI 

 

 

 t  returned to its natural 

state;  

 local governments  

  

-diversion option has been proposed that attempts to 

 in Figure 2-2

-

travel upstream to be able to enter the estuary through 

the re-  

 

 

Figure 2-2 -diversion option  
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 hydrodynamic and morphological asp  study was to carry out an 

Kaituna River and  assessed: 

 

 

 

delta at the estuary entrance; 

 esirable locations; 

  

 

adverse and typical conditions with emphasis on navigation through both entrances; and 

   

  was to make a broad comparative 

Estuary with  

  

 Any increase to -green algae bloom occurring in the estuary; 

 sites within 

estuary  additional polluted river water entering  the estuary; and 

 Likely changes to nutrient concentrations within the estuary with additional nutrient rich 

 

 Modelling Approach 

The detailed numerical modelling assessment described within this report investigates and 

 

Table 

2-1 presents an 
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Table 2-1  

Area of 

Application 
Model Purpose Input Data Provides Data to .. 

Wave climate 

  21  

Generate boundary 

wave  

  Regional wave 

 

 21 

 

Generate 10 year wave 

data time series at 

 

model and NOAA 

 

wave model 

morphological 

model  

 morphological model regional wave model  

Local morphological 

model  

Littoral sediment 

processes 

 

 littoral sediment 

 

10 year wave data 

time series, water 

levels, 

and sediment 

 

assessment  

hydrodynamics 

Regional hydrodynamic 

 21 HD FM) 

Generate boundary 

hydrodynamic  

and NOAA global 

 

Local 2D 

hydrodynamic 

 

 

estuary 

hydrodynamics 

Local 2D hydrodynamic 

 21 HD FM) 

Hydrodynamic 

morphological model 

and generate boundary 

3D 

hydrodynamic model  

Tide, river and other 

 s 

and estuary wind 

data  

Local morphological 

model and local 3D 

hydrodynamic 

model  

 Local 3D hydrodynamic 

 FM) 

Assess salinity 

distribution within river 

and estuary 

and other 

 s, 

downstream 

boundary conditions 

Local 2D 

hydrodynamic model 

assessment 

Water quality 

 

Local 3D hydrodynamic 

model – 

3 HD FM) 

Assess blue-green 

algae, bacteria and 

nutrient concentrations 

which enter estuary 

 

downstream 

boundary conditions 

hydrodynamic model 

Local 2D 

hydrodynamic 

model – no river 

 Local 2D hydrodynamic 

model – 

21 HD FM) 

Assess blue-green 

algae, bacteria and 

nutrient concentrations 

within estuary 

Upstream boundary 

3D hydrodynamic 

model – river only, 

tide 

Water quality 

assessment 



  

  Kaituna River Re-Diversion – Numerical Modelling / bjt / 2014-06-27 

Area of 

Application 
Model Purpose Input Data Provides Data to .. 

River mouth and 

estuary mouth) 

hydraulics and 

morphology 

Morphological model - 

sediment transport 

IKE 21  coupled 

with local hydrodynamic 

 21 HD FM) and 

wave models 

 21  

coastal sediment 

processes and river 

and estuary processes 

including 

 water 

levels  

 

Tide, river and other 

 s 

data, sediment 

properties, estuary 

 

 

 

morphological  river 

and estuary 

 

 

 Projection and Datum  

The study was carried out using Moturiki Vertical Datum and New Zealand Transverse Mercator 
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3  

sources and new data 

he data is provided in Table 3-1 along with a 

 

Table 3-1  

Data Type  Description Supplier Time 

Frame 

How Data Utilised Issues 

Bathymetry 

survey 

DML March / 

April 2013 

River including ebb 

 

None 

  March / 

April 2013 

Kaituna River 

bathymetry upstream 

 

None 

-MAP DHI N/A Open ocean model 

 

None 

LiDAR  May 2013 Estuary and open 

 a  

  1978 to 

2013 

Long term littoral 

processes assessment 

 

None 

Hydrographic Ford’s Loop - Water 

levels 

 March / 

April 2013 3D local hydrodynamic 

 

None 

– Water 

levels and currents 

 March / 

April 2013 3D local hydrodynamic 

 

None 

Mid estuary – Water 

levels and currents 

 March / 

April 2013 3D local hydrodynamic 

 

Instrument sunk in 

 

Estuary entrance – 

Water levels and 

currents 

 March / 

April 2013 3D local hydrodynamic 

 

Instrument 

periodically covered 

 

Point – Water levels 

and currents 

 March / 

April 2013 3D local hydrodynamic 

 

None 

Point – 

wave height, mean 

wave direction, 

 March / 

April 2013  

None 

 2003 to None 
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Data Type  Description Supplier Time 

Frame 

How Data Utilised Issues 

Beach   

wave height, mean 

wave direction, wave 

 

2010  

 

River, estuary and 

open ocean  

DML April 2013 

morphological and 

 

None 

Flow Transects 

 

River mouth, Ford’s 

entrance 

and NIWA 

4
th
 April 

2013  

None 

Point 

DML 4
th
 April 

2013  

None 

Freshwater 

 

 

 

 1990 – 

2013 or 

March / 

April 2013 

 

3D hydrodynamic and 

 

None 

design hydrographs 

 

 N/A 

morphological model 

None 

 Base and rain event 

 

 N/A 

3D hydrodynamic and 

 

None 

 River and estuary  4
th
 April 

2013 hydrodynamic model 

None 

 

estuary and estuary 

entrance 

 March/ 

April 2013 hydrodynamic model 

Mid estuary 

instrument stuck in 

 

Water Quality  Blue-green algae, 

bacteria and nutrient 

data within estuary 

 

 1990 - 

2013 appropriate model 

Water quality model 

 

collected 

simultaneously  

   2000 – 

2010  

None 

NOAA wind  March/ 

April 2013 wave and 

 

Very patchy data set 

both temporally and 

spatially 

 NIWA March/ 

April 2013 

local wave 

and hydrodynamic 

 

None 

Tauranga 

Atmospheric 

Pressure 

 March/ 

April 2013 atmospheric pressure 

 

None 
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 Bathymetry 

 

 

  – Estuary, Nearshore, Entrances 

, both the river and estuary entrances and the 

nearshore area in  

were undertaken in early March through to mid-May 2013 with the 

shown in Figure 3-  

 

 

 
Figure 3-1  

 

 

- survey the Kaituna River mouth, 

 The pre 
st
 – 2

nd
 April 2013, while the post 

 survey was undertaken between 17
th
 - 26

th
 April 

presented in Figure 3-   
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Figure 3-2 Pre  and post   source: DML, 

2013))  

  – Kaituna River 

Bridge in March 2013 

in Figure 3-3  
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Figure 3-3   

 -MAP –  

-M -MAP
TM

 is a world 

electronic chart database which provides 

 

 LiDAR –  

 LiDAR survey was undertaken in 

May 2013 by  ) 

sensors, both  and bathymetric 

survey is presented in Figure 3-4   

data compared with the LiDAR data 

, 2013

-

 issue with LiDAR data due to high turbidity so that 
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Figure 3-4 - below the water  top) 

above the water  –  

  

 

Figure 3-5

provide u  into the long  
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Figure 3-5  

  

Hydrographic data within th  during March and April 2013 was collected 

  hydrographic data which was 

collected is shown in Figure 3-  
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Figure 3-6 Locations or all 

 



  

 3-9 

 Water Level,  

 River  
ermanent water level gauge in Ford’s 

th
 March to 29

th
  

Vertical Datum) are presented in Figure 3- Two 
th
 and 22

nd
  

 

 
 
Figure 3-7 Ford’s  

 Estuary 

shown in Figure 3-  

th
 March to 29

th
 

suspect that this may have happened reasonably early during the deployment period and 

 was also an issue with 

-

the instrument as shown in Figure 3-8

 

cleaned  are presented in Figure 3-9
rd

 and 9
th
 

relatively rapid decline in observed currents between cleani  3
rd

 and 12
th
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Figure 3-8 
see Figure 3-6  

 

  

Figure 3-9 indicates times when the 
instrument was  

 

 

ments are presented in Figure 3-10

Ford’s channel location was 

Ford’s low 

nsistent 

 

 



  

 3-11 

The water level measurements  

are presented in Figure 3-11   to the permanent gauge at Ford Loop, elevated water 
th
  and 22

nd
   

The salinity measurements are presented in Figure 3-12 mid 
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Figure 3-10    at 

Ford’s  



  

 3-13 

 

Figure 3-11 Wat  nstruments deployed within Ongatoro / 
 at Ford’s 
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Figure 3-12  at 

Ford’s  
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3  Nearshore 
with a wave gauge 

st
 March to 30

th
 April 

201  at a de

 2 m, 10 m and 19 m 

above the seabed are presented in Figure 3-13

calculated and are presented in Figure 3-13

column and the depth averaged currents, the current direction is in predominantly in an easterly 

 The current direction at the sea bed is predominantly in a south-westerly 

 

Observed water levels are presented in Figure 3-   

  

 

 
 
Figure 3-13  Okurei Point

 p right), 19m above 
seabed  
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Figure 3-14   

 

Figure 3-15

th
 and 20

th
 concurrent to the observed 

elevated river levels shown in Figure 3-7

 



  

 3-17 

 
Figure 3-15  
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3   

in Figure 3-6  

 the Kaituna River mouth;  

 the  entrance; 

 Ford’s  

  

 Ford’s  
 on the 4

th
 April 2013 along two transects, one inside the 

Ford’s 

the Kaituna River mouth, transect measurements wer

Ford’s ut channel measurements were only made around the time when 

 

transects are shown in Figure 3-16  Ford’s 

a 

 

 

 
Figure 3-16 Ford’s 

upstream or into the estuary    

  Entrance 
NIWA c

th
 April 2013  

Figure 3-17  

 

Flow  

Downstream 

Flow  into 

Estuary 

Flow  

Upstream 



  

 3-19 

 

Figure 3-17 ow into  
 

 Okurei Point 
th
 April 2013 rom 

Okurei Point Figure 3-18  

 

Figure 3-18 Okurei Point
 

  
th
 to 27

th
 May 2005 

 area 18
th
 to 19

th
  

 River Flow Data 

Raparapahoe 

 
st
 January 2000 to 

1
st
 January 2013 and 1

st
 March to 1

st
 

which is another 
st
 January 

2000 to 1
st
 January 2013 and 1

st
 March to 1

st
   

is presented in Figure 3-19  

 

 

Flow into 

Estuary 

Flow 

Estuary 

Eastwards 

Flow 

Westwards 

Flow 
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Figure 3-19 tuna River at Te Matai bridge, 

 

 

 at Te Matai included tidal spikes as shown Figure 3-20

when t , the tide is able to propagate up to the gauge, which 

ts in a tidal spike in 

  

A 

- Figure 3-20  

 

 

Figure 3-20 -
period 2

nd
 March to 15

th
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-  
nd

 March to 15
th
 

 

  River may be having 

Ellery, The last rating curve 

was derived in 2005 resulted in lower 

water level   

 
th
 April 2013) the de-

 m
3

 
3

3

-

3
/s at Te Matai, a 

-  noted that a 
3
/s was still within the deviation associated  

Ellery,  

 

at other sites 6
th
 

to 24
th
 Figure 3-  

  

  

  

 Bell Road Drain; 

 Diagonal Drain; 

 Ford’s Road Drain; 

  south-western drain ad Drain); and 

  southern drain D )  
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Figure 3-21 Predicted s  into 

occurred over 17
th

 to 24
th

  

 

th
 to 24

th
 Ap   are presented in Figure 

3-22  

 

 

Figure 3-22  the estuary and r
16

th
 to 24

th
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contrib Table 3-2  

 
Table 3-2  

 

Freshwater Inflow Mean Flow (m
3
/s) Seven Day Five Year Low Flow (m

3
/s) 

Kaituna River   

   

   

 

 

Annual E Probability AEP) design hydrographs 

Kaituna River at Te Mat  

both  AEP’s Figure 3-23 and Figure 3-24)

    

 

 
 
Figure 3-23  
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Figure 3-24  

 

The  project team rains that were 

,  in 

Figure 3-25 Table 3-  

 

 
 
Figure 3-25  
 

  



  

 3-25 

Table 3-3  

Drain Name Base Flow (m
3
/s) 

Ford Rd   

   

Armstrongs   

Upper Estuary  

No 3   

Kaituna Road                       

  

  

Township North   

  

 

  

rtaken by DML over the 

period 30
th
 April to 2

nd
 May 85 grab samples were collected within the river, estuary and 

along the coast as shown in Figure 3-26 and Figure 3-27

Table 3-4

mple are provided The sediment class based on 

the calculated D50 rab sample is also provided in Figure 3-26 and Figure 3-27  
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Figure 3-26   and around 

50  

 

 
 
Figure 3-27  with sediment class based on the 

calculated D50  
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Table 3-4  

Sediment Class Sediment Diameter  

Very  <2mm & >1mm 

 <1mm & >500µm 

Medium and <500µm & >250µm 

 <250µm & >125µm 

Very  <125µm & >63µm 

Mud <63µm 

 

 

 The estuary i sand with some coarse sand in the estuary 

entrance;  

 The river is mostly medium to coarse sand; 

 In the near 

ith coarser greater depths; and 

 The upper Ford’s Loop is the only site  

It is also worth noting that s atter 

over laying the sediment, p  River 

Lake Ltd  

 Bed Forms – Flood Delta 

On 22
nd

 May 2013 on a low tide, observations wer

 

locations are presented in 

Figure 3-28
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Figure 3-28 od delta within  

  

On the 4
th
 The 

measurements were  Temperature Depth  An 

e locations where all  Figure 3-29  The 

 

 
 
Figure 3-29  



  

 3-29 

 River  

measured within the Kaituna River and Ford’s Loop 

8:00 am to 2:44 pm on 4
th
 April 2013 to measure the salinity distribution 

intrusion) 

salinity measurements were collected as shown in Figure 3-30

measurement was 

 

ere collected, to measure the 

tidal cycle depending 

    

To illustrate the salinity distribution along the Kaituna River and Ford Loop

salinity data

 salinity distribution in the 

river,  – ) and Ford’s Loop, – 7 

Figure 3-  

 

 
 
Figure 3-30  in Kaituna River and Ford’s Loop 

 

 

40 minutes), however it was deemed acceptable to assume that the data provides 

within the Kaituna River and Ford’s Loop 

based on when the  when the salinity 

distribution was observed based on measured water levels at Ford’s Loop is presented in Figure 

3-31  
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Figure 3-31 relative to measured water levels at Ford’s  

 

The salinity distribution 

in Figure 3-32 and Figure 3-33, while the salinity distribution within the Ford’s 

Figure 3-34 and Figure 3-35  

Ford’s  

  



  

 3-31 

  

Figure 3-32    at 
8 - 8 -right), 9:37 - 10:25 am 

-  Water levels in Moturiki Datum with red line indicating measured water level in 
Ford’s   

 

 

Figure 3-33 Observed at 
11:32 a - 2 -right), 1:45 - 2:44 pm 

-  Water levels in Moturiki Datum with red line indicating measured water level in 
Ford’s  
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Figure 3-34  Ford’s Loop along Transect Two at 

- -right), 9:37 -
-  Water levels in Moturiki Datum with red line indicating measured water level in 

Ford’s  

 

 

Figure 3-35 Ford’s Loop along Transect Two at 
- -right), 1:45 - 2:44 pm 

-  Water levels in Moturiki Datum with red line indicating measured water level in 
Ford’s  
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 Estuary  
th
 

shown in Figure 3-36 llected:  

 7:56 am to  10:36 am; 

 11:45 am to 1:15 pm; and 

  

Ford’s Loop relative to these periods 

are presented in Figure 3-37 Figure 3-38 and Figure 3-39  

 

Figure 3-36  
 

 

 
 
Figure 3-37 Ford’s 

th
 

2013 within   
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Figure 3-38    



  

 3-35 

 

 

 

 

Figure 3-39    
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 Water Quality Data  

 Overview 

balance between 

outcomes will depend largely on the interactions between the; 

  

  

  

   

-tide relationship within the estuary and the lower Kaituna River 

 

Long-

 

Kaituna River and  -depth sampling 

 

– 

total there were 14 wat

 

these sampling sites are presented in Figure 3-40  

 



  

 3-37 

 
 
Figure 3-40 

Estuary Note   southern drain 
 /  elsewhere in report  

 

 

  the  the tide on water quality; with 

 

 out  

 

 

 

high variation  and bacteria at Ford’s 

noted that drains were   

 

 

 On the 4
th
 April 2013, more intensive sampling was undertaken to combine with other 

nsive data collection; almost all sites were sampled three times, at low, mid, and 

 

Water quality parameters that were collected that were relevant to this study are: 

 a a); 

  and Enterococci); and 

 Total Nitrogen, Dissolved Inorganic Nitrogen, Total Phosphorous and 

Dissolved Reactive Phosphorous  
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 sampling over the period 2011 – 2013 

is provided in Figure 3-41  

 

 

 
Figure 3-41 2011 – 2013)  

 

It is worth noting that the boat ramp site in the estuary is very close to the open ocean and 

 

entering the estuary are likely to be highest – pollutant loads entering the system are much 

greater than usual and pollutants previously stored in sediments are likely to be mobilised due to 

 

It is also important to note that while the new sampling programme did provide an improved data 

set, great care was 

only one 

due to budget and timing constraints) a 

 

 a -green algae) 

-

 a has been used as a 

-  

a dicates how 

-

 a 

a -term 

a concentrations due to red  
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a concentrations can indicate blue- or bloom, 

and consequently blue- a 

 Every time there is a a concentration does not mean that there 

is a high concentration -green algae, however there is a risk that this is the case and the 

risk increases with higher a concentrations a -

green algae can be considered a conservative  

available d a see Figure 3-42

 

Overall the data was 

-

However the data does indicate that the a levels  need to occur 

the e -  

 

Figure 3-42   

 

The a / algae biomass concentrations in the 

the period 2007 to 2013 are shown in Figure 3-43 o trend up to 2012 and then 

a concentrations are higher in the river and 
3 
but on seven occasions 

concentrations reached 10 - 37 mg/m
3
 Figure 3-43  

For the latest sampling carried out October 2011 – April 2013, the mean c a 

all sites in river and estuary are presented in Figure 3-44

 d

a are higher in the river and drains, and lower within the estuary - the 

 

the 4
th
 April 2013, the c a concentrations at all sites 

in the river and estuary is presented in Figure 3-45
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also a are higher at the estuary mouth 

than upstream in the estuary  - -phytobenthos 

d-  

a 

a concentrations could be estimated using a relationship 

a  

 

 

 

 

 
Figure 3-43  a - 2013 at  sites, at the 

Ford’s cut –  

 



  

 3-41 

 

 

Figure 3-44  Mean high tide and low tide c a in river and estuary sampled 
October 2011 – April 2013  

  

 

 

Figure 3-45  a concentrations at each site in river and estuary sampled on 4
th
 

occurred at high, mid, and low tide between 7:30 am and 4:00  
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 Bacterial ampling 

 rms 
 

s group includes Escherichia coli). Note that, while  

 
 

 /100ml, and not more 

contact/  

  are 

presented in Figure 3-46 concentration 

is limited and the variation between samples is high   

  change throughout the lower river 

and estuary is provided in Figure 3-47, which shows the mean concentration at 

 sites – April 2013 Figure 3-48 presents the 

concentration 

 The sampling occurred between 7:30 am and 4:00 pm on the 4
th
 April 2013, with 

    

 are high at Ford’s drain, indicating a possible high load coming 

Ford’s cut – estuary side, however, are low 

indicating high variation 

  

 4 and 
rains   

 
 suggesting that the 

a -
a has not impacted on bacteria 

and there is also die-  
, so there probably 

contrast micro algae grow and accumulate on the estuary sediment - providing a source 
algae into the water column via su This also indicates that the drains are mainly 

-
sediments 

  
 

 
which is another reason why the observed low tide values may have been higher than the 
observed concentration at high tide due to combined 
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Figure 3-46  F  - 2013 at the upper Kaituna 
 

 

 

 

 

Figure 3-47   Mean s – April 2013
updated sampling regime that sampled a greater 

the estuary and river system than prior to 2011 were taken at low and high tide  
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Figure 3-48    
en 7:30 am and 4:00 pm on the 4

th
  

were taken at low , mid and high tide  

 

 Enterococci  
Enterococci is  as they 

show a slower decay rate in saline environment and are thought to more closely mimic many 

pathogens than do other indicators    

acceptable under the 2002)

 When a single sample 

    

1990 

to 2013 are presented in Figure 3-49

 

An how measured Enterococci concentrations change throughout the lower river 

and estuary is provided in Figure 3-50, which is the average Enterococci concentrations at 

 sites – April 2013 Figure 3-51 presents the 

Enterococci 

 The sampling occurred between 7:30 am and 4:00 pm on the 4
th
 April 2013, with 

 

, Enterococci concentrations are normally highest 

solar irradiation 

ilution, however, seems to occur closer to the estuary mouth where observed 

concentrations are low  



  

 3-45 

 
Figure 3-49  - 2013 at the upper Kaituna 

 

 

 

 

 

Figure 3-50   Mean Enterococci concentrations at  sites  period October 2011 –  
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Figure 3-51  

nd 4:00pm on the 4
th

  
are grouped as either  

 Nutrients 

- -

ient load entering the 

 

on the 26
th
 March, 2

nd
 April and 4

th
 April  For the Kaituna River at Te Matai bridge samples 

the primary sources  into the  is presented in Table 3-5  

Table 3-5   Range and mean measured nutrients concentrations   
into the  

Source 
 

TN NH4-N N03-N TP DRP 

 
Range 0 -  0-  -  -  -  

Mean      

Ford Rd drain 
Range -  -  -  -  -  

Mean      

Kaituna Rd drain 
Range -  -  -  -  -  

Mean      

Estuary  

Range -1 -  -  -  -  

Mean      

  

due to species -

low-  - 
3
 



  

 3-47 

ent 

Total Phosphorus 
3
 a  

5 Relationship  with River Flow 

Typically higher co a and bacteria were observed during rain events 

 

 Figure 3-52 to Figure 3-54 present the relationship between the measured 

 and Enterococci with 

 

 

 

 

Figure 3-52   a and 
-  
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Figure 3-53   
Matai 7  Note log scale on y-  

 

 

Figure 3-54    
7  Note log scale on y-  
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 Nearshore Wave Data  

 2003 

Figure 3-55

 

 

 

Figure 3-55  

  

 

 Wind Data  

NIWA collected 
th
 March to 30

th
 

Figure 3-56 t wind 

 

BoPRC Wave Bouy 
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Figure 3-56 

th
 March to 30

th
 

April 2013  

  

- -

be  

the period 1
st
 January 2000 to 1

st
 

, which is then 

combined with 

  

 NOAA Wind Data 

w National Oceanic 

 March to April 2013  The wind data is 

 

 Atmospheric Pressure Data 

Tauranga was provi
st
 March 2013 to 

30
th
 April 2013 and is shown in Figure 3-57  

antly increase or decrease ocean water 

 

Assuming a mean atm  hPa, it is probable that water levels were 

 cm on 22
nd

 

predicting water levels which match observed water levels may be problematic unless the 

chang

ocean boundary conditions  
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Figure 3-57  





  

 4-1 

4  

 

 

st
 January 2000 to 1

st
 

 

The 

described in   

 

All model domains were developed us

the computat  

  

wave model  wave model was used to generate appropriate boundary 

Ocean model is shown in Figure 4-1  

 
st
 

January 2000 to 1
st
  regional 

-

MAP
TM

Figure 4-2  

15 15 m depth, waves undergo 

 

Wind generated waves within the model domain were in

DHI, 

2012) which derived water levels  

 tidal constituents Q1  M2, 
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Figure 4-1 Mode  

 

 

Figure 4-2  

  



  

 4-3 

 

 Near-  

Kaituna River and  

 

 

this data are presented in Figure 4-3

westerly and 

 Figure 4-2  

Point with the most sheltering occurring at  

 

 the study site, monthly wave ro

year wave time 

in Figure 4-4 and Figure 4-5 nt 

wind generated waves are more apparent and wave 

 



 
 

 
 

4
-4

 

 

F
ig

u
re

 4
-3

 
–

 
 

 

 



  

  4-5 

 
Figure 4-4  
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Figure 4-5   
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 Local Wave Model 

A high resolution wave mo

model mesh 

 

The local wave model was calibrated using 

provided  

Figure 4-6, which shows the predicted 
th
 

° 

the  

entrance compared with the  

 

 
 
Figure 4-6 

th
 April 

 

 

 





  

  5-1 

5  

udget estimates that have 

been determined  

  

) 

estimated a net littoral transport rate at  40,000 m
3
/year   A net littoral transport rate 

22,000 m
3
/year was estimated to occur at Pukehina Beach 10 km to the east y site) 

Both estimates are in a  

-suspend sediment, while breaking waves 

generate currents, which combined with wind and tidally driven currents transports suspended 

i

 

To assess the littoral transport rates along the   model

ITDRIFT is the littoral 

For more details  

  

Bo

    

ccurring along 

 To carry out this analysis the distance that 0 m Moturiki 

Datum 

Figure 5-1 to Figure 5-7    

The overall  

Plenty coastline the shoreline is – that is more or less stable 

with  
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Figure 5-1  

 

 

 
 
Figure 5-2 
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Figure 5-3 

 

 

 

Figure 5-4 
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Figure 5-5 

 

 

 

Figure 5-6 

 

 



  

  5-5 

 

Figure 5-7 5 

 

 LITDRIFT Model Inputs 

  
considered 

 33 the orientation has been 

estimated as 30° °, as shown in Figure 5- he 

caused by Motiti Island which is evi  
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Figure 5-8  

 

the 

the hown in Figure 5- For 

Figure 5-10

  the  

1   

50 Figure 5-9 and Figure 5-10

then  

  

CCS 33 = 30° 

CCS 27 = 35° 



  

  5-7 

 

 

 

Figure 5-9   50 
 

 

 

Figure 5-10   50  
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As 

, 

 sand dominates, with 

 

 -

– 

study we have used 50 times the mea  

  
– 2010) wave 

the location o – 2010 using DHI’s 

 

  

coastline, the overall transport would balance each other out and the net transport would be 

 

1  Littoral Transport to the Okurei Point 

The net and gross transport Figure 5-11

° 

52,000 m
3
/year and 

3
 The predicted coastline 

°

coastline at this location only just encourages a net south  

 m
3

40,000 m
3
/year 

 

Figure 5-12

transport is predominantly to the south-
3
 north-westward to 260,000 m

3
 south-  

le which was surveyed in May 1992 was utilised to assess what impact a 

 on  The 1992 le at this 

time had a bar -4 m   A 

– 

is presented in Table 5-1 t much variation in transport rates between the two 

along this coastline  



diment Budget  

  5-9 

 

 

Figure 5-11 

 

 

 

 

Figure 5-12 – A 
positive transport rate is towards south east while a negative transport rate is towards the 
north  
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Table 5-1  

Profile Coastline Orientation 

25° 30° 35° 

June 1997 -46,000 m
3
/yr 52,000 m

3
/yr 145,000 m

3
/yr 

May 1992 -44,000 m
3
/yr 45,000 m

3
/yr 128,000 m

3
/yr 

 

° is shown in Figure 5-13

second  

 

 

 

Figure 5-13   surveyed in June 1997 
°

 

 



  

  5-11 

presented in Figure 5-14 °) 

produce the 

° and 60°  

 

 

Figure 5-14 
3

 

 Littoral Transport to the Okurei Point 

 

°, the predicted gross transport rates was 214,000 m
3
 and a net south eastwards transport 

 m
3

 22,000 m
3
/year 

 2002

° is shown in Figure 5-15 3 , the 
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Figure 5-15   surveyed in May 2003 
with a coastline or °

 

 Overall Assessment 

The littoral transport assessment shows that the local coastline orientation to th

is very close to the long 

predominant north-easterly waves, Motiti Island   

  heads and the shallower 

-clockwise 

d a corresponding anti-

 

The average net annual littoral transport is estimated to be moderate and directed towards the 

 le 

 

  

The large variability in the net littoral transport rates indic

 

 spit during years with larger than normal easterly 
3
 westerly transport eroded 

 m corresponds 

to 4  - well within the observed range 

Figure 5-5) - -shore 

 

ly a 11,000 m
3 

net easterly littoral transport rate 

uary 

 

Figure 5-14) have been used to 

determine two wave conditions that are predicted to encourage the most littoral sediment 



  

  5-13 

Table 5-2

 

 

Table 5-2  

Parameters Wave Scenario 1 Wave Scenario 2 

°) 355 55 

   

 10 10 

 

 River  

  is 

3
 to 150,000 m

3
  These estimates are likely to include wash 

Kaituna River mouth or   What is 

 river mouth and estuary 

coarser sediment such as sand and gravel which maybe either transported along the bed or in 

suspension  

19,000 
3

 7,000 m
3
 

sediment per year 

actually suggests that the bed material is also likely to  pumice sand, which has an 

  2230 kg/m
3
 arks et al., 1998)  

8,500 m
3
  

Whether river supplied bed material is either or pumice sand, t
3
 compared with 7,000 to 8,500 m

3
), 

morphological assessment in 7   

 or greater than the littoral transport capacity, a 

tline orientation is largely 

 





Proposed Option  

  6-1 

6 Proposed Option  

A re-

osed option is shown in Figure 

6-1  

 

Figure 6-1 -diversion option 

 

The main  

  Ford’s  

 Ford’s Ford’s Loop, with a 

ater intrusion into the new 

  

   the Ford’s     

 Ford’s  

 the  stop banks; and 
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 o the  a 

 

s at Ford’s  proposed: 

 -1 m 

 

 Ford’s 

 length - )  

 Two  -

1  

 

The proposed new re-diversion channel is 60 m wide at 0 m Moturiki Datum; invert level at -

 m Moturiki Datum 0 m Moturiki Datum and 57 metres wide 

at -  m Moturiki Datum) Figure 6-2  

 

 
Figure 6-2  

 

the the the 

proposed option is shown in Figure 6-3 and Figure 6-4  

 Figure 6-5, 

while the bathymetry and mesh is shown in Figure 6-6  The new re-diversion channel was 

schematised using quadrangula  

  

 

 



Proposed Option  

  6-3 

 
 
Figure 6-3  Model bathymetry  

 

 

 

Figure 6-4  
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Figure 6-5 Model bathymetry  option – re-diversion channel  

 

 

 
 
Figure 6-6 Model bathymetry posed option – re-diversion channel  



Morphological Assessment  

  7-1 

7 Morphological Assessment 

to investigate the 

 in relation to hydrodynamic and morphological impacts  

 For typical conditions, how will the proposed option impact the overall hydrodynamics 

and sediment transport behaviour the river and estuary  

 For a typical year how will sediment transport patterns change within the river and 

 

 For adverse wave conditions and low  how will sediment transport patterns 

change within the river and estuary with  

 

 

  

 the  

model bathymetry  

 Typical onditions 

, 

 entrance an

in the lower estuary  has also been 

 

3
/s), Waiari 

3
/s) and  

3

simulation are predicted 
st
 March 2013 to 6

th
 Figure 7-1  The tidal ran

0   
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Figure 7-1 Predicted water levels   

 Impact to Volume 
Estuary  

Ongatoro / 

 

Table 

7-1 to Table 7-3  

im
3
, a percentage increase 

uary mouth will decrease 

by 143,700 m
3

the estuary mouth will increase by 278,100 m
3

water which enters the river through the river mouth will increase by 367,400 m
3
, a percentage 

ts through the river mouth will decrease 

by 67,300 m
3

 

 

 

Table 7-1   
 

Tide 
Volume (m

3
) Percentage  

Difference (%) Existing Proposed Difference 

Neap 97,200 317,300 220,100 226 

Mean 151,000 583,500 432,500 286 

Spring 198,800 814,700 615,900 310 

 
  



Morphological Assessment  

  7-3 

Table 7-2  through 
estuary mouth  

Tide 
Flood or 

Ebb Tide 

Volume (m
3
) Percentage 

Difference (%) Existing Proposed Difference 

Neap 
Flood 473,000 392,600 -80,400 -17 

Ebb 588,300 734,900 146,600 25 

Mean 
Flood 824,600 680,900 -143,700 -17 

Ebb 959,300 1,237,400 278,100 29 

Spring 
Flood 1,240,000 954,800 -285,200 -23 

Ebb 1,423,300 1,772,000 348,700 24 

        

Table 7-3  
 

Tide 
Flood or 

Ebb Tide 

Volume (m
3
) Percentage  

Difference (%) Existing Proposed Difference 

Neap 
Flood 3,100 120,100 117,000 3774 

Ebb 1,722,800 1,622,800 -100,000 -6 

Mean 
Flood 134,600 502,000 367,400 273 

Ebb 1,846,300 1,779,000 -67,300 -4 

Spring 
Flood 423,800 1,007,700 583,900 138 

Ebb 2,039,400 1,989,400 -50,000 -2 

 

 Morphological Impact 

emphasis on the river, the   To assess 

a 

 when the current is averaged 

diment transport rate is the sediment transport 

 

 River and Upper Estuary 
For the typical condition simulations the residual sediment transport patterns within the lower 

river and upper estuary have been generated and are presented in Figure 7-2 and Figure7-  

patterns 

 

In the upper estuary the comparison in the residual transport patterns suggests that there is the 

 

associate river
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 deposition may occur 

within the upper estuary  

 

Figure 7-2 
3
/  river and Ford’s  

2 m
3

 

 

 
 
Figure 7-3  

3
/   

2 m
3

 

  



Morphological Assessment  

  7-5 

 Estuary 
For the typical conditions simulations the residual sediment transport patterns within the majority 

Figure 7-4 and Figure 7-5  

 residual sediment transport patterns suggest that  long 

term er the estuary especially close to the 

-  

the estuary will be greatly reduced  However there maybe some areas 

   

 
3

m
3

should 

 the   

 

 
 
Figure 7-4 

3
/  estuary 

 1 m
3
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Figure 7-5  

3
/  

 to 1 m
3

 

 Estuary Flood Tide Delta 

 been generated and are presented in Figure 7-6 and Figure 7-7

d in the 

 rates will 

reduce 

erod

 

 



Morphological Assessment  

  7-7 

 
 
Figure 7-6 

3
 estuary 

 Note vectors limited to 0 2 m
3

 

 

 
 
Figure 7-7  

3
/m)  proposed option 

2 m
3
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were Figure 7-8

Figure 7-9

Pt 2 that although the ebb tide currents are increased, the largest current speeds are associated 

with the  the 

 Pt 3 the peak current speeds ar  the 

 the 

that there is not a  

Although the 

comparab

 

  

likely that the current speeds would 

the spit would 

reduce this 

 

 
 
Figure 7-8  

v 

Pt 2 

v 
Pt 1 

v 

Pt 3 



Morphological Assessment  

  7-9 

 

Figure 7-9  
spit Note only seven day 
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  club and the rock wall at the  

n 

Figure 7-10  Figure 7-11  

the rock wall at the estuary entrance there is an increase in the peak ebb current speed  

The increase in the peak ebb current speed is unlikely to 

 

 

 

 
Figure 7-10 and rock wall at  entrance where 

 
 

v 
Pt 2 v 

Pt 1 

v 
Pt 3 



Morphological Assessment  

  7-11 

 

Figure 7-11   locations 
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and there is a 

Figure 7-12 and Figure 7-13  

 

 

option and are presented in Figure 7- 27 m/s to 

0 a 10 urrents speeds will not 

increase and  

 which will result in stronger 

currents    

  



Morphological Assessment  

  7-13 

 

 

 

 

 
Figure 7-12 
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Figure 7-13 

 

 

 



Morphological Assessment  

  7-15 

 
 
Figure 7-14  Note 

 

  

A one year simulation under norma

 

3
/yr 

3 

w  Figure 7-15  

A common approach used when assessing morphological impacts is to apply a morphological 

longer time periods compared to hydrodyn -

longer-term morphological changes and reduce model simulation time, 

 bathymetric changes are sped up by a user-

 

 

t al

be applie

-15) a 5 minute time step becomes a time series with a 30 second 

 

 

deposition) can be o  

The initial bed levels at the Kaituna River mouth and  entrance are 

shown in Figure 7-  

the river an  
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Figure 7-15  

 



Morphological Assessment  

  7-17 

 
 

 
 
Figure 7-16 

Estuary entrance  
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predicted 

g the year long simulation is shown in Figure 7-17 to 

Figure 7-22  predicted 

 entrance is shown in Figure 7-23 to Figure 7-28  

The  the 

between the the Kaituna River mouth and Ongatoro / 

-  

Although the simulation predicted a noticeable  in t  bed levels in 

the  Ongatoro  entrance, it can be concluded the entrance is not 

negatively impacted when comparing the proposed option 

illustrate this, tracted along two cross sections 

is presented in Figure 7-30 

and the 

situations is shown in Figure 7-  Importantly with the proposed option the overall depth and 

actually increases) It can   the estuary 

entrance morphology will not be negatively altered  

th is 

 
st
 January to 1

st
 

st
 eptember 2006 to 1

st
 January 2007) there was no 

 

For the 

 

3
/s at Te Matai) on 7

th
 August 2006, the 

 

 

 
st
 mber 2006) the 

 It should be noted that the predicted 

overestimated 

simulation  

st
 

st
 January 2007) the 

Although there is an area through the river mouth bar with shallower depths with the proposed 

 

the  

n the 

open ocean and the river ultimately determines the overall cross-

and ensures that the Kaituna River mouth remains op The year long morphological 

tuna River mouth may 

 

 



Morphological Assessment  

  7-19 

 

  

  

  

Figure 7-17 Kaituna River mouth bed level 
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Figure 7-18 Kaituna River mouth bed level 
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  7-21 

  

 

  

 

Figure 7-19 Kaituna River mouth bed level 
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Figure 7-20 Kaituna River mouth bed level r typical one year 
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  7-23 

  

  

  

 

Figure 7-21 Kaituna River mouth bed level 
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Figure 7-22 Kaituna River mouth bed level 
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  7-25 

  

 

  

 

Figure 7-23  entrance bed level 
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Figure 7-24  entrance bed level  
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  7-27 

  

 

  

 
Figure 7-25 Ongat  entrance bed level  

 

 

 
 



  

  Kaituna River Re-Diversion – Numerical Modelling / bjt / 2014-06-27 

 
 

 

 
 
Figure 7-26  entrance bed level  
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  7-29 

  

 

  

 

Figure 7-27  entrance bed level  
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Figure 7-28  entrance bed level  

 

 

 

 



Morphological Assessment  

  7-31 

 
 

 

 
Figure 7-29 een the 
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Figure 7-30  
 

  

 

 2 



Morphological Assessment  

  7-33 

 

 
 

 

 
Figure 7-31  typical 

 Distance 
 

 

To illustrate that the scaling method overestimated the impacts  on the 

river mouth morphology, 7
th
 event during the year long simulation, the 

 the 

method applied 

 
th
 

and are shown in Figure 7-32  

th
 August 2006  event simulated in the year long simulation, a higher 

pr was 

 

  

Figure 7-33

 that the year long simulation 
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Figure 7-32 

th
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Figure 7-33 Kaituna River mouth bed levels  7
th
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To complement the one year simulation 

 the entrance morphology assessment) a 

always 

Kaituna River during a  event  river 

estuary through new re- Although it is the tidal prism which ultimately ensures 

the Kaituna River mouth remains open, 

 

Four events that were  the Te Mat

combined to occur sequentially  

events and  presented in Figure 7-34  

 

 
 
Figure 7-34 sequential and predicted water 

  

 

iver mouth and the associated current 

the river mouth the proposed option are 

presented in Figure 7-35    

 through Te Tumu  - 90 

minutes around high tide,  

 gh 
3
/s) and 

concluded this would only have a limited 

impact on the morphology in the the river mouth  

long term morphological model simulations, that the 

 long term morphological 

behaviour the river mouth   
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  7-37 

 

 

 

Figure 7-35 t associated current 
 the  the proposed option 

 
  

Flow  

Upstream 

Flow  

Downstream 
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 Prolonged Low River Flow with Adverse Wave  

 and 

due to the proposed option on sedimentation within the vicin

 

 Table 5-2 are the wave directions which will generate the 

 m
3
/s),   m

3
/s) and Waiari  m

3

 mouth are the same 

as presented in Figure 7-16  

 

wave conditions simulations are shown in Figure 7-36 to Figure 7-39  

simulations illustrate there are 

indicates that the proposed 

entrances ° 

mean wave direction the proposed option inhibits the build-

eastern side  
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  7-39 

 

 

 

 

 
Figure 7-36 

s ° 
and Tp  

 



  

  Kaituna River Re-Diversion – Numerical Modelling / bjt / 2014-06-27 

 
 

 
 
 
Figure 7-37   adverse wave conditions and 

s 
° and Tp  
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  7-41 

 

 

 
Figure 7-38  

s ° 
and Tp  
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Figure 7-39   adverse wave conditions and 

Hs 
° and Tp  
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  7-43 

   

Kaituna River  with a mean 

 Figure 7-40, while the 

n Figure 7-41  

 

 
 
Figure 7-40   

 

 
 
Figure 7-41 Wat  
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and river mouths as shown in Figure 7-42  

 od event will not have a 

During a large 

 which may result in 

some areas where deposition diment occurs in the 

currents speeds are not large enough to keep the  

conclusion that the overall 

 

, the residual sediment transport patterns have 

Figure 

7-43 and Figure 7-44 comparison in sediment transport patterns suggests there will be 

 

  

 

 

 

 
Figure 7-42   
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  7-45 

 

Figure 7-43 
3

P 
1 m

3
 

 

 

Figure 7-44 
3

e 1 m
3

 

 

The residual sediment transport patte

Figure 7-45 and Figure 7-46

 

option may 
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Figure 7-45 
3

2 m
3

 

 

 

Figure 7-46 
3

2 m
3
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  7-47 

n 

Figure 7-47 sented in Figure 7-48 Peak current speeds 

indicates th

should still be considered a potential risk   

 

 
 
Figure 7-47 Locations in  

v 

Pt 2 

v 
Pt 1 

v 

Pt 3 
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Figure 7-48  

 

 



Morphological Assessment  

  7-49 

the land in   club and the rock wall at the  

 are 

presented in Figure 7-49 through the 

  

 

 

 
 
Figure 7-49 
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Figure 7-50  Figure 7-51  

the rock wall at the estuary entrance there is an increase in the peak 

sessment is required, which takes into account the 

 

 

 

 
Figure 7-50  entrance where 

 
 

v 
Pt 2 

Pt 1 

v Pt 3 

v 



Morphological Assessment  
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Figure 7-51   

 




