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8 Flood  Assessment 

The morphological model has been utilised to carry out a comparative 

 

 

Table 

8-1   

Table 8-1  Flood risk assessment scenarios 

Scenario  River Flow Sea Level Climate Change 

1 1% AEP   Normal No 

2 5% AEP Normal No 

3 1% AEP 5% AEP No 

4 5% AEP 1% AEP No 

5 1% AEP 5% AEP Yes 

6 5% AEP 1% AEP Yes 

 

 

,  and Kopuroa  

presented in Figure 8-1 and Figure 8-2  

 

 
Figure 8-1  
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Figure 8-2  

 

Plenty  coa 5

, assuming a 

72 

Okurei Point are shown in Figure 8-  

 

 
 
Figure 8-3  

 

 the year 2100 on sea level was included by increasing sea level 

by  m as advised by  

due to climate change were  and are presented in Figure 8-4 and Figure 8-5  
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Figure 8-4  

 

 
 
Figure 8-5  

 

 the re- It was determined that this was not an 

, which is 

water levels that were predicted within the Kaituna River 

scenario

 Ford’s 
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 Water Levels in Estuary 

Figure 8-6

ach scenario are presented 

in Table 8-  

Figure 8-  

 

 

Figure 8-6 Locations within estuary  
  

v 
Pt 2 v 

Pt 1 

v 
Pt 3 

v 
Pt 4 

v 
Pt 5 

v 
Pt 6 
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Table 8-2  in estuary 

 

Scenario Situation 
Peak Flood Level (m) 

Pt 1 Pt 2 Pt 3 Pt 4 Pt 5 Pt 6 

1 

Existing 1.10 1.09 1.09 1.09 1.08 1.07 

Proposed 1.50 1.46 1.47 1.45 1.44 1.35 

Difference 0.40 0.37 0.37 0.36 0.36 0.29 

2 

Existing 1.03 1.03 1.03 1.03 1.02 1.00 

Proposed 1.27 1.24 1.24 1.23 1.22 1.18 

Difference 0.24 0.21 0.22 0.21 0.20 0.17 

3 

Existing 1.60 1.60 1.60 1.59 1.59 1.57 

Proposed 1.79 1.78 1.78 1.77 1.76 1.72 

Difference 0.19 0.18 0.18 0.18 0.17 0.15 

4 

Existing 2.00 2.00 2.00 2.00 1.99 1.98 

Proposed 2.06 2.05 2.05 2.05 2.05 2.03 

Difference 0.06 0.05 0.05 0.05 0.05 0.05 

5 

Existing 2.14 2.14 2.14 2.13 2.13 2.12 

Proposed 2.25 2.24 2.24 2.23 2.23 2.20 

Difference 0.11 0.10 0.10 0.10 0.10 0.09 

6 

Existing N/A N/A N/A N/A N/A N/A 

Proposed 2.53 2.53 2.53 2.52 2.52 2.52 

Difference N/A N/A N/A N/A N/A N/A 

 

 within the estuary: 

 

t  or scenario 2, peak water levels 

  down 

mouth 

increase i

remain contained within the  the  

township  

 For scenario 3, there is an increase i  with the proposed option  Peak 

 

township  

  

 m), since the main contributor to the  the estuary is the elevated 

 the  would 
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est  would already be 

 

 Ford’s 

re equivalent to the open ocean 

 

levels with the  

  the –  are still 

considerably less than the peak  the   – 

 m)  4 poses the with ea levels 

scenario th s is relatively small an 

–  

It should be noted that work is ongoing inves

estuary and how  
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Figure 8-7  proposed 
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 Water Levels in River 

ns at the locations indicated in Figure 8-8

The thin the 

river

Table 8-  

 ), however there is no reason 

increase within the river with the proposed option  

 

a representative scenario 

 Figure 8-    

 

 
 
Figure 8-8  

 

-diversion 

shown in Table 8-

-dive  

  

v 

Pt 3 

v 

Pt 1 

v 

Pt 2 

v 

Pt 4 
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Table 8-3 
 

Scenario Situation 
Peak Flood Level (m) 

Pt 1 Pt 2 Pt 3 Pt 4 

1 

Existing 2.80 2.55 2.34 1.78 

Proposed 2.48 1.99 1.78 1.39 

Difference -0.32 -0.56 -0.56 -0.39 

2 

Existing 2.13 1.88 1.59 1.32 

Proposed 1.94 1.53 1.41 1.21 

Difference -0.18 -0.35 -0.18 -0.11 

3 

Existing 2.85 2.62 2.44 1.96 

Proposed 2.59 2.20 2.04 1.75 

Difference -0.27 -0.43 -0.40 -0.20 

4 

Existing 2.46 2.32 2.21 2.06 

Proposed 2.35 2.19 2.14 2.03 

Difference -0.11 -0.13 -0.07 -0.03 

5 

Existing 3.24 3.02 2.90 2.42 

Proposed 2.95 2.62 2.51 2.23 

Difference -0.29 -0.40 -0.39 -0.19 

 

Table 8-4 -diversion channel  and 
 

 

Scenario Situation Te Tumu 
Fords Cut / Re-diversion 

Channel 

1 
Existing 93% 7% 

Proposed 66% 34% 

2 
Existing 93% 7% 

Proposed 70% 30% 

3 
Existing 93% 7% 

Proposed 68% 32% 

4 
Existing 91% 9% 

Proposed 70% 30% 

5 
Existing 93% 7% 

Proposed 67% 33% 

6 
Existing N/A N/A 

Proposed 71% 29% 
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Figure 8-9 
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 May 2005 Flood Event 

Estuary, on 18
th
 and 19

th
 

per comms, ) 

 Figure 8-10

ocean water levels at this time as shown in Figure 8-11

n the land surrounding the lower and 

estuary was unable to drain into the river and estuary quickly   

ove indicates that the proposed option will actually decrease water 

is the 

 

 

 
 
Figure 8-10 

th
 May to 25

th
 

 

 

 

Figure 8-11 Water levels at Motu
th

 May to 25
th
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he predicted water 

 Figure 8-12)  where the 

  estuary have been 

Figure 8-13   

 

 

Figure 8-12  

 

 

Figure 8-13  
 

 

v 
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9 Water Quality Assessment 

This section outlines the water quality assessments that have been carried out to determine the 

 

 overall salinity within the estuary; 

 blue-green algae blooms within the estuary; 

  

 nutrient concentrations within the   

   

The local 3D hydrodynamic model  was utilised to assess the impacts 

with 

 

 t -diversion 

spring tidal cycle; 

 the overall change to salinity within the estuary; and 

 t  

-establish within the estuary with the 

addition 

change t  

period) were carried o  

  

  

T

 

Figure 

9-1 2D 

 D)  
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Figure 9-1 Predicted water levels -dimensional salinity 
 

 

The drains that were described in 3 were included in the salinity assessment 

  an 

 

 Re-  

The comparison  

spring tidal cycle are presented in Table 9-1 and Table 9-  

-diversion channel under the 

: 

 

127,100 m
3
 to 170,800 m

3
  

 -diversion channel will range 

 

-diversion channel under the : 

 stuary by between 

202,300 m
3
 to 302,900 m

3 
per tidal cycle  

 -
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Table 9-1  Ford’s 
 

Tide Situation 
Total Volume 

of Water (m
3
) 

Freshwater 

Fraction 

Volume of 

Freshwater (m
3
) 

Freshwater Inflow 

Increase (m
3
) 

Neap  
Existing 94,600 0.75 71,000 

164,300 
Proposed 294,100 0.80 235,300 

Mean  
Existing 144,200 0.44 63,400 

170,800 
Proposed 532,200 0.44 234,200 

Spring  
Existing 183,500 0.14 25,700 

127,100 
Proposed 727,500 0.21 152,800 

 
 
Table 9-2  Ford’s 

 

 

Tide Situation 
Total Volume 

of Water (m
3
) 

Freshwater 

Fraction 

Volume of 

Freshwater (m
3
) 

Freshwater Inflow 

Increase (m
3
) 

Neap  
Existing 101,300 0.99 100,300 

202,300 
Proposed 315,200 0.96 302,600 

Mean  
Existing 153,700 0.87 133,700 

302,900 
Proposed 574,500 0.76 436,600 

Spring  
Existing 186,600 0.54 100,400 

269,900 
Proposed 787,800 0.47 370,300 

 

  

The comparison  

presented in Figure 9-2 to Figure 9-4  comparison 

 Figure 9-5 to Figure 9-7  

  

summarised in Table 9-3): 

 Under the proposed opti

  

 In the upper estuary, , 

 

 In the upper estuary, at the estuary bed, 

 

option; 
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 In the mid estuary, , 

option;  

 In the mid estuary, at the estuary bed, 

30 

option;  

 In the lower estuary, , 

option;  

 In the lower estuary, at the estuary bed, 

proposed 

option; and 

 

 

  Table 9-

3): 

 For the proposed option 

 

 In the upper estuary, , 

option;  

 In the upper estuary, at the estuary bed, 

0 

option;  

 In the mid estuary, , 

option;  

 In the mid estuary, at the estuary bed, 

option;  

 In the l

option in the lower estuary;  

 In the lower estuary, at the estuary bed, predicted mean sa

option; and 
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Table 9-3   

Location River Flow 

Salinity (PSU) 

Water Surface Estuary Bed 

Existing Proposed Existing Proposed 

New Wetland 

(Brains Land) 

Seven Day Five Year Low  N/A 20 - 25  N/A 20 - 25  

Mean N/A 10 - 15  N/A 10 - 15  

Upper Estuary 
Seven Day Five Year Low  20 - 25 20 - 25 20 - 25 20 - 30 

Mean 5 - 15 10 - 15 10 - 15 10 – 20 

Mid Estuary 
Seven Day Five Year Low  25 - 30 20 - 25 25 -35 20 - 30  

Mean 15 - 25 10 – 20 15 - 30 15 - 25 

Lower Estuary 
Seven Day Five Year Low  30 - 35 25 – 35 30 - 35 25 - 35 

Mean 25 - 35 20 – 30 25 - 35 20 -30 

Southern Drains 
Seven Day Five Year Low  0 - 20  0 - 20 0 - 20 0 - 20 

Mean 0 - 20 0 - 20 0 - 20 0 - 20 
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Figure 9-2 
 

possible in area north-west Papahikahawai Island  
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Figure 9-3 

 
-west Papahikahawai Island  
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Figure 9-4 Mean salinity at estuary 
 

possible in area north-west Papahikahawai Island  
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Figure 9-5 an 
 

north-west Papahikahawai Island  
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Figure 9-6 

  
area north-west Papahikahawai Island  
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Figure 9-7 
 

north-west Papahikahawai Island  
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 the 

situation and proposed 

option, cations presented in Figure 9-8

time series were then analysed and the 10
th
, 20

th
, 50

th
, 80

th
 and 90

th
 percentiles were calculated 

and are presented in Table 9-4 and Table 9-5  

, icates that there 

will be a slig

or the mid and lower estuary there will be a reduction in overall 

salinity, with the greatest   

 

 

Figure 9-8 Locations within estuary where   
 

   

v 

Pt 2 

v 

Pt 3 

v 

Pt 4 

v 

Pt 5 

v 

Pt 1 

Pt 6 

Pt 7 

Pt 8 

Pt 9 
Pt 10 

v v 

v 

v 

v 
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Table 9-4   

Location Situation 
Percentile Salinity (PSU) 

10
th

  20
th

  50
th

  80
th

  90
th

  

Pt 1 

 

 

 

Water Surface 

 

Existing N/A N/A N/A N/A N/A 

Proposed 9.7 17.7 25.0 27.7 28.4 

Difference N/A N/A N/A N/A N/A 

Estuary Bed Existing N/A N/A N/A N/A N/A 

Proposed 11.3 22.0 27.8 30.5 31.7 

Difference N/A N/A N/A N/A N/A 

Pt 2 

 

 

Water Surface 

 

Existing 10.8 15.7 26.1 28.8 29.3 

Proposed 9.2 13.5 26.7 29.3 32.1 

Difference -1.6 -2.2 0.6 0.5 2.8 

Estuary Bed 

 

Existing 11.2 16.6 27.3 29.3 29.7 

Proposed 10.2 16.8 27.9 31.1 32.4 

Difference -1.0 0.2 0.6 1.8 2.7 

Pt 3 

 

Water Surface 

 

Existing 11.4 13.2 26.6 29.5 30.2 

Proposed 10.1 15.7 27.9 30.5 31.8 

Difference -1.3 2.5 1.3 1.0 1.6 

Estuary Bed 

 

Existing 12.3 14.7 28.3 30.9 31.4 

Proposed 13.2 19.7 30.1 32.1 33.0 

Difference 0.9 5.0 1.8 1.2 1.6 

Pt 4 

 

Water Surface 

 

Existing 12.7 18.7 28.5 30.0 30.2 

Proposed 8.7 11.5 25.3 30.5 31.2 

Difference -4.0 -7.2 -3.2 0.5 1.0 

Estuary Bed 

 

Existing 12.7 18.9 28.8 30.1 30.3 

Proposed 13.0 19.8 27.9 30.9 31.5 

Difference 0.3 0.9 -0.9 0.8 1.2 

Pt 5 

 

Water Surface 

 

Existing 13.2 17.3 28.0 30.0 30.4 

Proposed 12.4 15.7 26.6 30.6 31.1 

Difference -0.8 -1.6 -1.4 0.6 0.7 

Estuary Bed 

 

Existing 13.4 20.0 29.7 32.4 34.3 

Proposed 15.1 21.5 29.5 31.0 31.6 

Difference 1.7 1.5 -0.2 -1.4 -2.7 

Pt 6 

 

 

Water Surface 

 

Existing 19.7 23.2 30.1 31.4 31.9 

Proposed 12.6 16.9 25.6 30.2 30.9 

Difference -7.1 -6.3 -4.5 -1.2 -1.0 

Estuary Bed 

 

Existing 22.0 27.6 32.0 34.6 34.9 

Proposed 16.9 22.7 30.1 32.0 33.7 

Difference -5.1 -4.9 -1.9 -2.6 -1.2 

Pt 7 

 

 

 

Water Surface 

 

Existing 27.6 30.4 32.3 35.0 35.0 

Proposed 17.8 22.6 27.8 34.3 35.0 

Difference -9.8 -7.8 -4.5 -0.7 0.0 

Estuary Bed 

 

Existing 27.7 30.8 32.6 35.0 35.0 

Proposed 20.5 25.7 29.9 34.9 35.0 

Difference -7.2 -5.1 -2.7 -0.1 0.0 
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Location Situation 
Percentile Salinity (PSU) 

10
th

  20
th

  50
th

  80
th

  90
th

  

Pt 8 

 

 

 

Water Surface 

 

Existing 23.5 25.1 30.8 31.8 32.1 

Proposed 19.0 22.9 29.6 30.9 31.4 

Difference -4.5 -2.2 -1.2 -0.9 -0.7 

Estuary Bed 

 

Existing 23.5 25.1 30.8 31.8 32.1 

Proposed 19.0 22.9 29.6 30.9 31.4 

Difference -4.5 -2.2 -1.2 -0.9 -0.7 

Pt 9 

 

 

 

Water Surface 

 

Existing 33.9 34.3 34.9 35.0 35.0 

Proposed 31.0 31.4 33.6 34.9 34.9 

Difference -2.9 -2.9 -1.3 -0.1 -0.1 

Estuary Bed 

 

Existing 33.9 34.3 34.9 35.0 35.0 

Proposed 31.0 31.4 33.6 34.9 34.9 

Difference -2.9 -2.9 -1.3 -0.1 -0.1 

Pt 10 

 

 

 

Water Surface 

 

Existing 27.1 30.6 33.5 35.0 35.0 

Proposed 20.2 26.6 30.0 35.0 35.0 

Difference -6.9 -4.0 -3.5 0.0 0.0 

Estuary Bed 

 

Existing 27.1 30.6 33.5 35.0 35.0 

Proposed 20.2 26.6 30.0 35.0 35.0 

Difference -6.9 -4.0 -3.5 0.0 0.0 

 

Table 9-5  

Location Situation 
Percentile Salinity (PSU) 

10
th

  20
th

  50
th

  80
th

  90
th

  

Pt 1 

 

 

 

Water Surface 

 

Existing N/A N/A N/A N/A N/A 

Proposed 4.9 6.7 10.8 14.2 15.8 

Difference N/A N/A N/A N/A N/A 

Estuary Bed Existing N/A N/A N/A N/A N/A 

Proposed 5.4 8.7 13.7 18.2 20.5 

Difference N/A N/A N/A N/A N/A 

Pt 2 

 

 

Water Surface 

 

Existing 0.7 1.9 10.9 15.3 16.5 

Proposed 2.1 3.4 14.0 18.3 21.5 

Difference 1.4 1.5 3.1 3.0 5.0 

Estuary Bed 

 

Existing 0.7 2.9 11.4 16.2 17.2 

Proposed 2.2 4.1 16.0 22.1 25.8 

Difference 1.5 1.2 4.6 5.9 8.6 

Pt 3 

 

Water Surface 

 

Existing 0.9 2.1 11.3 16.5 18.1 

Proposed 1.5 4.0 16.0 20.3 21.5 

Difference 0.6 1.9 4.7 3.8 3.4 

Estuary Bed 

 

Existing 0.9 2.6 14.5 19.3 20.5 

Proposed 1.8 6.6 20.6 25.3 26.9 

Difference 0.9 4.0 6.1 6.0 6.4 

Pt 4 

 

Water Surface 

 

Existing 3.8 8.4 19.0 22.4 23.1 

Proposed 1.8 3.2 15.6 21.4 22.4 

Difference -2.0 -5.2 -3.4 -1.0 -0.7 
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Location Situation 
Percentile Salinity (PSU) 

10
th

  20
th

  50
th

  80
th

  90
th

  

Estuary Bed 

 

Existing 5.0 11.2 21.5 24.9 26.2 

Proposed 2.9 8.8 18.2 21.9 22.9 

Difference -2.1 -2.4 -3.3 -3.0 -3.3 

Pt 5 

 

Water Surface 

 

Existing 3.5 7.9 17.5 21.0 22.5 

Proposed 1.9 5.0 15.8 21.3 22.3 

Difference -1.6 -2.9 -1.7 0.3 -0.2 

Estuary Bed 

 

Existing 4.1 12.4 21.0 30.3 33.5 

Proposed 4.0 11.4 20.0 23.2 26.3 

Difference -0.1 -1.0 -1.0 -7.1 -7.2 

Pt 6 

 

 

Water Surface 

 

Existing 16.2 19.7 25.2 27.2 28.2 

Proposed 4.6 7.9 17.1 22.0 23.1 

Difference -11.6 -11.8 -8.1 -5.2 -5.1 

Estuary Bed 

 

Existing 19.1 23.8 28.4 34.1 34.8 

Proposed 8.6 14.5 23.2 29.0 31.9 

Difference -10.5 -9.3 -5.2 -5.1 -2.9 

Pt 7 

 

 

 

Water Surface 

 

Existing 22.8 24.4 27.3 35.0 35.0 

Proposed 10.7 13.8 20.5 24.4 34.9 

Difference -12.1 -10.6 -6.8 -10.6 -0.1 

Estuary Bed 

 

Existing 23.3 25.7 28.6 35.0 35.0 

Proposed 13.0 18.8 24.1 34.4 34.9 

Difference -10.3 -6.9 -4.5 -0.6 -0.1 

Pt 8 

 

 

 

Water Surface 

 

Existing 21.9 24.3 29.7 31.5 31.8 

Proposed 14.9 17.6 26.3 28.6 29.3 

Difference -7.0 -6.7 -3.4 -2.9 -2.5 

Estuary Bed 

 

Existing 21.9 24.3 29.7 31.5 31.8 

Proposed 14.9 17.6 26.3 28.6 29.3 

Difference -7.0 -6.7 -3.4 -2.9 -2.5 

Pt 9 

 

 

 

Water Surface 

 

Existing 33.3 33.8 34.8 35.0 35.0 

Proposed 23.3 24.1 31.8 34.6 34.8 

Difference -10.0 -9.7 -3.0 -0.4 -0.2 

Estuary Bed 

 

Existing 33.3 33.8 34.8 35.0 35.0 

Proposed 23.3 24.1 31.8 34.6 34.8 

Difference -10.0 -9.7 -3.0 -0.4 -0.2 

Pt 10 

 

 

 

Water Surface 

 

Existing 23.8 27.0 30.8 35.0 35.0 

Proposed 14.5 19.8 24.5 35.0 35.0 

Difference -9.3 -7.2 -6.3 0.0 0.0 

Estuary Bed 

 

Existing 23.8 27.0 30.8 35.0 35.0 

Proposed 14.5 19.8 24.5 35.0 35.0 

Difference -9.3 -7.2 -6.3 0.0 0.0 
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Figure 9-9

scenarios are presented in Figure 9-10 to Figure 9-21

 

 

 

Figure 9-9  
 

 

 

 th scenarios, with Pt 2 and 

 At Pt 1 and Pt 6 there is an increase in peak and 

 

  

v 
Pt 1 

v 
Pt 2 

v 
Pt 5 

v 
Pt 4 v 

Pt 3 

v 
Pt 6 
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Figure 9-10 Depth averaged c

 

 

 

 



  

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

 

 

 

 
Figure 9-11 Depth averaged current speed nd 
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Figure 9-12 Depth averaged current speed 
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Figure 9-13 Depth averaged current speed 

Note only s  
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Figure 9-14 Depth averaged current speed 
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Figure 9-15 Depth averaged current speed 
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Figure 9-16 Depth averaged current speed  at estuary bed 

seven 
 shown  
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Figure 9-17 Depth averaged current speed 
proposed situations at Pt 2 
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Figure 9-18 Depth averaged current speed 

proposed situations at Pt 3  
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Figure 9-19 Depth averaged current speed 
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Figure 9-20 Depth averaged current speed 

proposed situations at Pt 5 
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Figure 9-21 Depth averaged current speed 

proposed situations at Pt 6 
 

 

 

m, the mean and spring tide depth 

These are presented in Figure 9-22 and Figure 9-23 

currents in the upper estuary, especially  
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Figure 9-22 Mean tide depth averaged 
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Figure 9-23  depth averaged residual current and 
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the 

propose

salinity that occurs within the river at the river bed over the 15-day 

 at the water 

 are presented in Figure 9-24 to Figure 9-27  

For the 

 

re-

at the river bed  

For the mean river 

-

T  at the river bed will move some 200 – 250 m 

 

he simulations indicate that there will be 

some ov  the river channel to the proposed channel through the adjacent wetland 

 through this wet 

land) However  is minimal compared to what was transported into the 

 It is now proposed that a 

 

river to proposed channel

 

 

scenarios and is shown in Figure 9-28 and Figure 9-29

-diversion 

 

It should be acknowledged that the local 3D hydrodynamic model was shown to under predict 

relative predict
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Figure 9-24  at 

situations  
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Figure 9-25  at bed 
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Figure 9-26 lower Kaituna River at 
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Figure 9-27   lower Kaituna River at bed 
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Figure 9-28 Peak spring tide salinity  lower Kaituna River at  

p  
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Figure 9-29 Peak spring tide salinity  lower Kaituna River at 
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There are currently three intakes  Kaituna River into the Kaituna 

W

proposed option will have a negative impact on the wetland as less water will enter the wetland 

river  The Kaituna W

Figure 9-30  

 

Figure 9-30  

 

The proposed option will slightly reduce water levels at the intake locations as shown in Figure 

9-31, which presents water levels at intake 2  the scenario 

over the Peak water levels 

5  

 
Figure 9-31 at intake 2 to Kaituna Wetland 

 over the  

Intake 1 

Intake 2 

Intake 3 
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the  the  the 

proposed option scenario over a spring tide as shown 

in Figure 9-32  

the spring tide: 

 For intake 1  15,500 m
3
 

 13,800 m
3
  

  

 For intake 2  
3
 

3
 

 

 For intake 3  
3
 

3
  

 

  
3
 

3
 

3
 

 an the 
3
 

 as a r  

required dimensions o  to 

culvert at intake 2 with a 

-   would be  This 

would allow an additional 13,300 m
3
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Figure 9-32  the river to the  
Note negative 

 the Kaituna wetland  
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Alan Titchmarsh has an irrigation and stock water intake 

 at the location indicated in Figure 9-33 acknowledged that he 

already has a salinity problem he has to manage  to 

the intake)

right time to suit the tide )   

To assess wh  to 

and mean 

scenarios  at 

appropriate locations within the water column  The predicted salinities are presented in  

Figure 9-  

 

 
 
Figure 9-33 water intake  

 

The  

 For this scenario t increase 

the salinity at the intake around high tide, however 

longer than   

Bo order  Alan Titchmarsh to better manage the  

the river, they will install a salinity monitor in the river at the intake to ensure that water is not 

 during periods with Other mitigation options may also be considered, 

such as creating additional  water  this will depend on his deman

This mitigation will also help during  when the proposed option is 

predicted to increase  hour period during spring tide  

 

Intake 
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Figure 9-34 
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 Blue-
Assessments 

blue-green algae bloom,  and bathing suitability within the estuary 

 

The be - a -green 

algae The impacts were assessed at one site within the lower estuary where 

Figure 9-35  

For contact recreation 15,000 cells/ - , 

 

The water quality 

and the impacts were assessed at one site Figure 9-35) within the lower estuary 

-  It should be noted that the 

 

14 per 

100 ml more than 

   

The parameter used to assess bathing water suitability was Enterococci and the impacts on 

Enterococci were assessed at the boat ramp location within the estuary Figure 9-35)  This 

 

For bathing water, the water quality criterion is 280 Enterococci per 100 ml in water bodies 

 

 

Figure 9-35 ed -
collection and bathing water suitability  

v 

v 

t1 

t2 
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a water quality models can be 

 

-compliance with New 

-

was taken where a nu

the resulting -  

The predicted dilutions have then been assigned probabilities which were then related to actual 

blue-gree

 

tank leachate, direct run-

-term downward trend in bacterial concentration in the lower Kaituna 

-

 

 

4  Assessing Dilution -Green Algae and Bacteria within Estuary  

T

within lower Kaituna River) and the resulting dilution within the estuary was calculated

 the b

   

ge) 

 year – 

distribution is presented in Table 9-6 and Figure 9-36  
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Table 9-6 Freque
3
/s) in Kaituna River at Te Matai Bridge -2010) 

Occurrence (%) Flow (m
3
/s) 

100 12 

99 22 

95 23 

90 25 

80 27 

70 28 

60 30 

50 32 

40 34 

30 36 

20 39 

10 45 

5 51 

1 70 

0.5 86 

0 >257 

 

 

 
 
Figure 9-36 

3
/s) in Katina River at Te 1990-2010  
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For the blue-

yea were carried out  

 is presented in Table 9-7 and Figure 9-37  

 

Table 9-7  
3
/s) in Kaituna River at Te Matai Bridge during blue-green 

 

Occurrence (%) Flow (m
3
/s) 

100 13 

99 21 

95 23 

90 25 

80 26 

70 28 

60 31 

50 32 

40 34 

30 37 

20 39 

10 42 

5 47 

1 51 

0.5 62 

0 >156 

 

 

Figure 9-37 
3
/s) in Katina River at Te Matai –  
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 Kaituna river were 

Table 9-8  a 

  The correspon

l is also shown in Table 9-8  These were calculated by 

 the  

 
Table 9-8  

Kaituna 

River Flow 

Q (m
3
/s) 

Representing 

the interval of Q 

(m
3
/s) 

Percentage of 

Full Year 

Period 

Percentage of 

Algae 

Sampling 

Period 

Waiari 

Stream 

Flow 

(m
3
/s) 

Raparapahoe 

Canal Flow 

(m
3
/s) 

51 Q > 51 5 3 5.5 4.4 

39 51 > Q < 35 30 32 4.3 2.5 

32 35 > Q < 30 25 20 3.7 1.5 

28 30 > Q < 26 24 25 3.4 1.1 

26 Q < 26 16 20 3.2 0.9 

 

 the  situation and the proposed option with a 

15  a two day warm up period) with a tidal ocean 

boundary condition covering a The dilution within the estuary was then 

determined at selected locations low 

ap  

The concentrations that were us ions and 

presented in Table 9-9  The river 

samples collected at the Te Matai, while the drain concentrations were calculated by taking the 

average  

a data collected a ere 

 

 
Table 9-9 -green algae and bacteria simulations  

Location Chl.a 

(mg/m
3
) 

Faecal coliforms  

(counts / 100ml) 

Enterococci 

(counts / 100ml) 

River 3.6 820 170 

Drains 6.9 1100 580 

Open Ocean 0 0 0 

  

 

15 day simulation was calculated as shown in Table 9-10 to Table 9- -38 to 

Figure 9-43)  The  is determined by weighting the results 

by the associated being simulated  

The cumulative durations where a given dilution can be can be 

calculated y the percentage 

  9-10 

to Table 9-15  
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a and bacteria 

within the estuary, which wil a and bacteria compared with 
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Table 9-10 – -green algae at  

Dilution 

 

 

Percentage of Time During 15 day Simulation where 

Dilution is Exceeded 

 

 

 

 

Percentage of Time Represented by 

Discharge 

  

 

Percentage 

of Time 

Exceeding 

Dilution 

(%) 

26 m
3
/s 28 m

3
/s 32 m

3
/s 39 m

3
/s 51 m

3
/s 26 

m
3
/s 

28 

m
3
/s 

32 

m
3
/s 

39 

m
3
/s 

51 

m
3
/s 

500 0.00 0.00 0.00 0.00 0.00 0.20 0.25 0.2 0.32 0.03 0.0 

200 0.00 0.00 0.00 0.00 0.00 0.20 0.25 0.2 0.32 0.03 0.0 

100 0.00 0.00 0.00 0.00 0.00 0.20 0.25 0.2 0.32 0.03 0.0 

50 0.00 0.00 0.00 0.00 0.00 0.20 0.25 0.2 0.32 0.03 0.0 

25 3.02 0.50 0.00 0.00 0.00 0.20 0.25 0.2 0.32 0.03 0.7 

20 7.76 3.39 0.00 0.00 0.00 0.20 0.25 0.2 0.32 0.03 2.4 

15 13.05 9.84 2.00 0.00 0.00 0.20 0.25 0.2 0.32 0.03 5.5 

10 22.04 19.44 12.51 4.90 0.04 0.20 0.25 0.2 0.32 0.03 13.3 

5 41.88 39.47 33.24 26.71 20.36 0.20 0.25 0.2 0.32 0.03 34.1 

4 47.54 45.89 40.75 35.59 30.20 0.20 0.25 0.2 0.32 0.03 41.4 

3 54.33 52.26 47.67 43.51 39.59 0.20 0.25 0.2 0.32 0.03 48.6 

2 76.04 70.38 59.78 54.24 50.36 0.20 0.25 0.2 0.32 0.03 63.6 

1.5 86.24 84.78 79.31 63.79 58.25 0.20 0.25 0.2 0.32 0.03 76.5 

1.25 92.96 91.07 86.21 76.73 64.06 0.20 0.25 0.2 0.32 0.03 85.1 

1.1 99.27 98.80 91.25 87.89 72.17 0.20 0.25 0.2 0.32 0.03 93.1 

1 100.00 100.00 100.00 100.00 100.00 0.20 0.25 0.2 0.32 0.03 100.0 

 

 

Figure 9-38 – -  
-  
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Table 9-11 Proposed option – lue-  

Dilution 

 

 

Percentage of Time During 15 day Simulation where 

Dilution is Exceeded 

 

 

 

 

Percentage of Time Represented by 

Discharge 

  

 

Percentage 

of Time 

Exceeding 

Dilution 

(%) 

26 m
3
/s 28 m

3
/s 32 m

3
/s 39 m

3
/s 51 m

3
/s 26 

m
3
/s 

28 

m
3
/s 

32 

m
3
/s 

39 

m
3
/s 

51 

m
3
/s 

500 0.00 0.00 0.00 0.00 0.00 0.20 0.25 0.2 0.32 0.03 0.0 

200 0.00 0.00 0.00 0.00 0.00 0.20 0.25 0.2 0.32 0.03 0.0 

100 0.00 0.00 0.00 0.00 0.00 0.20 0.25 0.2 0.32 0.03 0.0 

50 17.88 8.20 1.17 1.61 0.83 0.20 0.25 0.2 0.32 0.03 6.4 

25 26.62 25.23 24.24 20.19 5.59 0.20 0.25 0.2 0.32 0.03 23.1 

20 28.12 26.98 26.20 24.86 12.13 0.20 0.25 0.2 0.32 0.03 25.9 

15 29.67 28.85 27.62 27.19 21.35 0.20 0.25 0.2 0.32 0.03 28.0 

10 31.74 31.33 29.59 29.03 25.57 0.20 0.25 0.2 0.32 0.03 30.2 

5 39.08 35.71 34.00 32.04 29.86 0.20 0.25 0.2 0.32 0.03 34.7 

4 44.68 38.64 35.83 33.28 31.24 0.20 0.25 0.2 0.32 0.03 37.4 

3 54.96 45.26 39.99 36.18 33.51 0.20 0.25 0.2 0.32 0.03 42.9 

2 79.73 68.11 55.38 44.63 38.82 0.20 0.25 0.2 0.32 0.03 59.5 

1.5 87.17 83.26 78.86 64.92 45.17 0.20 0.25 0.2 0.32 0.03 76.1 

1.25 92.45 88.21 85.63 80.40 61.31 0.20 0.25 0.2 0.32 0.03 85.2 

1.1 97.60 92.16 89.54 86.15 77.81 0.20 0.25 0.2 0.32 0.03 90.4 

1 100.00 100.00 100.00 100.00 100.00 0.20 0.25 0.2 0.32 0.03 100.0 

 

 

Figure 9-39  Proposed situation – -  
-  
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Table 9-12 –  

Dilution 

 

 

Percentage of Time During 15 day Simulation where 

Dilution is Exceeded 

 

 

 

 

Percentage of Time Represented by 

Discharge 

  

 

Percentage 

of Time 

Exceeding 

Dilution 

(%) 

26 m
3
/s 28 m

3
/s 32 m

3
/s 39 m

3
/s 51 m

3
/s 26 

m
3
/s 

28 

m
3
/s 

32 

m
3
/s 

39 

m
3
/s 

51 

m
3
/s 

500 0.00 0.00 0.00 0.00 0.00 0.16 0.24 0.25 0.3 0.05 0.0 

250 0.39 0.00 0.00 0.00 0.00 0.16 0.24 0.25 0.3 0.05 0.1 

200 2.02 0.00 0.00 0.00 0.00 0.16 0.24 0.25 0.3 0.05 0.3 

150 6.79 2.28 0.00 0.00 0.00 0.16 0.24 0.25 0.3 0.05 1.6 

100 14.10 10.10 2.56 0.05 0.00 0.16 0.24 0.25 0.3 0.05 5.3 

75 19.69 16.84 9.37 2.73 0.00 0.16 0.24 0.25 0.3 0.05 10.4 

50 26.77 24.63 19.50 11.39 2.64 0.16 0.24 0.25 0.3 0.05 18.6 

37.5 33.84 31.29 26.88 19.97 10.87 0.16 0.24 0.25 0.3 0.05 26.2 

25 43.18 41.65 38.35 32.72 24.96 0.16 0.24 0.25 0.3 0.05 37.6 

22.5 44.82 43.50 40.40 35.29 28.59 0.16 0.24 0.25 0.3 0.05 39.7 

20 46.75 45.30 42.39 37.81 31.94 0.16 0.24 0.25 0.3 0.05 41.9 

17.5 48.76 47.32 44.53 40.39 35.20 0.16 0.24 0.25 0.3 0.05 44.2 

15 50.94 49.64 46.78 43.10 38.77 0.16 0.24 0.25 0.3 0.05 46.6 

12.5 53.64 52.36 49.51 46.06 42.46 0.16 0.24 0.25 0.3 0.05 49.5 

10 57.99 56.50 53.57 49.95 46.27 0.16 0.24 0.25 0.3 0.05 53.5 

7.5 64.51 63.02 59.82 55.69 52.01 0.16 0.24 0.25 0.3 0.05 59.7 

5 83.12 79.94 70.12 64.48 60.00 0.16 0.24 0.25 0.3 0.05 72.4 

4.5 86.65 84.49 76.71 67.39 62.31 0.16 0.24 0.25 0.3 0.05 76.7 

4 90.47 89.00 84.35 70.89 64.97 0.16 0.24 0.25 0.3 0.05 81.4 

3.5 96.91 94.62 91.87 78.57 69.10 0.16 0.24 0.25 0.3 0.05 88.2 

3 100.00 100.00 99.58 92.82 76.05 0.16 0.24 0.25 0.3 0.05 96.5 

2.5 100.00 100.00 100.00 100.00 96.64 0.16 0.24 0.25 0.3 0.05 99.8 

2 100.00 100.00 100.00 100.00 100.00 0.16 0.24 0.25 0.3 0.05 100.0 

1.75 100.00 100.00 100.00 100.00 100.00 0.16 0.24 0.25 0.3 0.05 100.0 

1.5 100.00 100.00 100.00 100.00 100.00 0.16 0.24 0.25 0.3 0.05 100.0 

1.38 100.00 100.00 100.00 100.00 100.00 0.16 0.24 0.25 0.3 0.05 100.0 

1.25 100.00 100.00 100.00 100.00 100.00 0.16 0.24 0.25 0.3 0.05 100.0 

1.18 100.00 100.00 100.00 100.00 100.00 0.16 0.24 0.25 0.3 0.05 100.0 

1.1 100.00 100.00 100.00 100.00 100.00 0.16 0.24 0.25 0.3 0.05 100.0 
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Figure 9-40 –  Note 

-  
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Table 9-13 Proposed option –  

Dilution 

 

 

Percentage of Time During 15 day Simulation where 

Dilution is Exceeded 

 

 

 

 

Percentage of Time Represented by 

Discharge 

  

 

Percentage 

of Time 

Exceeding 

Dilution 

(%) 

26 m
3
/s 28 m

3
/s 32 m

3
/s 39 m

3
/s 51 m

3
/s 26 

m
3
/s 

28 

m
3
/s 

32 

m
3
/s 

39 

m
3
/s 

51 

m
3
/s 

500 0.04 0.00 0.00 0.00 0.00 0.16 0.24 0.25 0.3 0.05 0.0 

250 18.55 12.39 4.43 2.73 1.55 0.16 0.24 0.25 0.3 0.05 7.9 

200 21.48 18.70 9.97 3.85 2.77 0.16 0.24 0.25 0.3 0.05 11.7 

150 23.66 21.77 19.00 11.31 4.06 0.16 0.24 0.25 0.3 0.05 17.4 

100 25.73 24.56 24.21 20.46 7.87 0.16 0.24 0.25 0.3 0.05 22.6 

75 27.04 26.07 25.64 23.89 13.74 0.16 0.24 0.25 0.3 0.05 24.8 

50 29.08 28.19 27.02 26.64 21.10 0.16 0.24 0.25 0.3 0.05 27.2 

37.5 30.29 29.44 28.16 27.78 23.27 0.16 0.24 0.25 0.3 0.05 28.4 

25 32.49 31.72 30.10 29.21 25.99 0.16 0.24 0.25 0.3 0.05 30.4 

22.5 33.08 32.25 30.74 29.54 26.50 0.16 0.24 0.25 0.3 0.05 30.9 

20 33.70 32.93 31.51 29.95 27.02 0.16 0.24 0.25 0.3 0.05 31.5 

17.5 34.58 33.68 32.17 30.40 27.73 0.16 0.24 0.25 0.3 0.05 32.2 

15 36.10 34.51 32.92 30.94 28.70 0.16 0.24 0.25 0.3 0.05 33.0 

12.5 38.93 35.67 33.93 31.78 29.61 0.16 0.24 0.25 0.3 0.05 34.3 

10 43.81 38.02 35.60 32.87 30.79 0.16 0.24 0.25 0.3 0.05 36.4 

7.5 48.81 43.69 38.51 35.29 32.81 0.16 0.24 0.25 0.3 0.05 40.1 

5 70.63 53.02 47.37 40.55 36.87 0.16 0.24 0.25 0.3 0.05 49.9 

4.5 78.27 60.79 49.86 43.31 38.22 0.16 0.24 0.25 0.3 0.05 54.5 

4 82.30 70.87 56.44 46.34 40.14 0.16 0.24 0.25 0.3 0.05 60.2 

3.5 86.18 79.62 67.93 49.78 42.28 0.16 0.24 0.25 0.3 0.05 66.9 

3 89.91 85.44 79.57 60.79 46.38 0.16 0.24 0.25 0.3 0.05 75.3 

2.5 95.08 90.33 87.27 78.46 53.75 0.16 0.24 0.25 0.3 0.05 84.9 

2 100.00 99.07 95.53 89.78 81.27 0.16 0.24 0.25 0.3 0.05 94.7 

1.75 100.00 100.00 100.00 99.03 93.63 0.16 0.24 0.25 0.3 0.05 99.4 

1.5 100.00 100.00 100.00 100.00 100.00 0.16 0.24 0.25 0.3 0.05 100.0 

1.38 100.00 100.00 100.00 100.00 100.00 0.16 0.24 0.25 0.3 0.05 100.0 

1.25 100.00 100.00 100.00 100.00 100.00 0.16 0.24 0.25 0.3 0.05 100.0 

1.18 100.00 100.00 100.00 100.00 100.00 0.16 0.24 0.25 0.3 0.05 100.0 

1.1 100.00 100.00 100.00 100.00 100.00 0.16 0.24 0.25 0.3 0.05 100.0 
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Figure 9-41  Proposed situation – at location in lower mid 
 -  
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Table 9-14 – 
Estuary  

Dilution 

 

 

Percentage of Time During 15 day Simulation where 

Dilution is Exceeded 

 

 

 

 

Percentage of Time Represented by 

Discharge 

  

 

Percentage 

of Time 

Exceeding 

Dilution 

(%) 

26 m
3
/s 28 m

3
/s 32 m

3
/s 39 m

3
/s 51 m

3
/s 26 

m
3
/s 

28 

m
3
/s 

32 

m
3
/s 

39 

m
3
/s 

51 

m
3
/s 

500 0.00 0.00 0.00 0.00 0.00 0.16 0.24 0.25 0.30 0.05 0.0 

250 0.00 0.00 0.00 0.00 0.00 0.16 0.24 0.25 0.30 0.05 0.0 

200 0.00 0.00 0.00 0.00 0.00 0.16 0.24 0.25 0.30 0.05 0.0 

150 0.00 0.00 0.00 0.00 0.00 0.16 0.24 0.25 0.30 0.05 0.0 

100 0.00 0.00 0.00 0.00 0.00 0.16 0.24 0.25 0.30 0.05 0.0 

75 0.00 0.00 0.00 0.00 0.00 0.16 0.24 0.25 0.30 0.05 0.0 

50 0.00 0.00 0.00 0.00 0.00 0.16 0.24 0.25 0.30 0.05 0.0 

37.5 0.00 0.00 0.00 0.00 0.00 0.16 0.24 0.25 0.30 0.05 0.0 

25 1.60 0.05 0.00 0.00 0.00 0.16 0.24 0.25 0.30 0.05 0.3 

22.5 2.88 0.65 0.00 0.00 0.00 0.16 0.24 0.25 0.30 0.05 0.6 

20 4.82 1.48 0.00 0.00 0.00 0.16 0.24 0.25 0.30 0.05 1.1 

17.5 8.29 3.02 0.00 0.00 0.00 0.16 0.24 0.25 0.30 0.05 2.0 

15 11.45 7.71 0.21 0.00 0.00 0.16 0.24 0.25 0.30 0.05 3.7 

12.5 17.84 14.01 8.18 0.00 0.00 0.16 0.24 0.25 0.30 0.05 8.3 

10 27.52 24.23 15.12 6.84 0.00 0.16 0.24 0.25 0.30 0.05 16.1 

7.5 47.56 43.68 34.72 27.58 12.35 0.16 0.24 0.25 0.30 0.05 35.7 

5 75.62 72.75 61.02 51.99 45.50 0.16 0.24 0.25 0.30 0.05 62.7 

4.5 81.86 80.08 72.16 61.74 49.88 0.16 0.24 0.25 0.30 0.05 71.4 

4 85.20 83.97 80.51 76.74 59.58 0.16 0.24 0.25 0.30 0.05 79.9 

3.5 87.00 86.43 84.80 83.30 80.83 0.16 0.24 0.25 0.30 0.05 84.9 

3 88.54 88.00 86.61 85.24 83.48 0.16 0.24 0.25 0.30 0.05 86.7 

2.5 91.06 90.27 88.73 87.48 85.86 0.16 0.24 0.25 0.30 0.05 89.0 

2 95.95 95.42 92.96 90.35 88.74 0.16 0.24 0.25 0.30 0.05 93.0 

1.75 98.67 97.86 96.48 92.90 90.44 0.16 0.24 0.25 0.30 0.05 95.8 

1.5 99.91 99.89 99.07 98.97 93.83 0.16 0.24 0.25 0.30 0.05 99.1 

1.38 100.00 99.98 99.97 99.89 97.84 0.16 0.24 0.25 0.30 0.05 99.8 

1.25 100.00 100.00 100.00 100.00 100.00 0.16 0.24 0.25 0.30 0.05 100.0 

1.18 100.00 100.00 100.00 100.00 100.00 0.16 0.24 0.25 0.30 0.05 100.0 

1.1 100.00 100.00 100.00 100.00 100.00 0.16 0.24 0.25 0.30 0.05 100.0 
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Figure 9-42  – 

Estuary  -  
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Table 9-15 Proposed option – 
Estuary  

Dilution 

 

 

Percentage of Time During 15 day Simulation where 

Dilution is Exceeded 

 

 

 

 

Percentage of Time Represented by 

Discharge 

  

 

Percentage 

of Time 

Exceeding 

Dilution 

(%) 

26 m
3
/s 28 m

3
/s 32 m

3
/s 39 m

3
/s 51 m

3
/s 26 

m
3
/s 

28 

m
3
/s 

32 

m
3
/s 

39 

m
3
/s 

51 

m
3
/s 

500 0.00 0.00 0.00 0.00 0.00 0.16 0.24 0.25 0.30 0.05 0.0 

250 0.00 0.00 0.00 0.00 0.00 0.16 0.24 0.25 0.30 0.05 0.0 

200 0.10 0.00 0.00 0.00 0.00 0.16 0.24 0.25 0.30 0.05 0.0 

150 2.56 0.18 0.05 0.00 0.00 0.16 0.24 0.25 0.30 0.05 0.5 

100 16.60 11.79 5.70 4.00 2.09 0.16 0.24 0.25 0.30 0.05 8.2 

75 23.22 20.52 14.34 6.72 5.93 0.16 0.24 0.25 0.30 0.05 14.5 

50 26.69 27.20 22.92 18.32 9.97 0.16 0.24 0.25 0.30 0.05 22.5 

37.5 28.17 28.49 26.13 26.15 15.64 0.16 0.24 0.25 0.30 0.05 26.5 

25 30.08 30.25 29.37 29.50 22.26 0.16 0.24 0.25 0.30 0.05 29.4 

22.5 30.68 30.85 29.89 30.01 24.16 0.16 0.24 0.25 0.30 0.05 30.0 

20 31.28 31.45 30.55 30.56 25.23 0.16 0.24 0.25 0.30 0.05 30.6 

17.5 31.93 32.25 31.03 31.10 26.91 0.16 0.24 0.25 0.30 0.05 31.3 

15 32.68 33.10 31.61 31.68 28.73 0.16 0.24 0.25 0.30 0.05 32.0 

12.5 34.09 33.91 32.93 32.31 30.47 0.16 0.24 0.25 0.30 0.05 33.0 

10 35.43 34.96 34.03 33.00 31.45 0.16 0.24 0.25 0.30 0.05 34.0 

7.5 36.94 36.54 35.44 34.12 32.67 0.16 0.24 0.25 0.30 0.05 35.4 

5 43.94 38.96 37.09 35.89 34.53 0.16 0.24 0.25 0.30 0.05 38.1 

4.5 48.72 41.21 37.85 36.39 35.09 0.16 0.24 0.25 0.30 0.05 39.8 

4 53.28 45.52 39.17 37.05 35.75 0.16 0.24 0.25 0.30 0.05 42.1 

3.5 66.45 51.40 43.95 37.89 36.75 0.16 0.24 0.25 0.30 0.05 47.2 

3 76.02 64.92 51.76 40.89 37.93 0.16 0.24 0.25 0.30 0.05 54.8 

2.5 85.63 78.22 69.52 50.51 39.43 0.16 0.24 0.25 0.30 0.05 67.0 

2 93.92 92.21 86.47 73.93 51.25 0.16 0.24 0.25 0.30 0.05 83.5 

1.75 95.32 94.34 92.25 84.96 68.95 0.16 0.24 0.25 0.30 0.05 89.9 

1.5 97.40 95.96 95.11 93.06 87.11 0.16 0.24 0.25 0.30 0.05 94.7 

1.38 99.05 97.53 96.28 95.00 90.91 0.16 0.24 0.25 0.30 0.05 96.4 

1.25 99.86 99.49 98.63 96.83 94.71 0.16 0.24 0.25 0.30 0.05 98.3 

1.18 99.96 99.75 99.76 98.80 96.88 0.16 0.24 0.25 0.30 0.05 99.4 

1.1 100.00 99.94 99.93 99.73 99.58 0.16 0.24 0.25 0.30 0.05 99.9 
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Figure 9-43  Proposed situation – Ongatoro / 
 -  

4  Blue Green Algae Assessment 

blue- ml) is 

the dilution calculations presented in 4  

T blue-green algae guidelines were violated was calculated by 

multiplying the each dilution interval was predicted to occur, with the 

that the blue-green algae concentrations within the river 

calculated critical threshold required to achieve the critical level within the estuary  These 

l 

 

-green algae concentrations in the Kaituna River was 

period March 2005 to May 

 This data is presented in Figure 9-44  
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Figure 9-44 blue-green algae concentration in lower Kaituna River at Waitangi 
location  -  

 

 dilutions were calculated to occur the 

the proposed situations Table 9-16 and Table 

9-17 which was derived in Table 9-10 and Table 9-11  

To combine the blue- Figure 9-44) with these dilutions, it 

was assumed that ther -green algae 

concentration  

Table 9-16 and Table 9-17 the 

concentration required  

cells/ml 

Table 9-16 and Table 9-17  

 blue-green algae concentration was 

Figure 9-44 Table 9-16 and Table 9-17  

Table 9-16 and Table 9-17 by multiplying the  

each dilution interval was predicted to occur, with the  the blue-green 

algae concentration  threshold 

values were then summed to give a total -green algae 

concentratio 000 cells/  

-green algae concen 15,000 

cells/

critical concentrati

-green algae blooms with the proposed option within the 
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Table 9-16 – cells/ -green algae at lower 
estuary site 

Minimum 

Dilution 

(fold) 

Dilution 

Interval 

Occurrence of 

this Dilution 

Interval (%) 

Maximum Inflow 

Concentration Required 

to Exceed Critical Level  

Percentage of Time that 

Concentration is Exceeded in 

lower Kaituna River at Waitangi 

Location (%) 

Percentage of 

Time Exceeded 

(%) 

100 100 - 200 0.0 1,500,000 0.0 0.0 

50 50 - 100 0.0 750,000 0.0 0.0 

25 25 - 50 0.7 375,000 0.0 0.0 

20 20 - 25 1.7 300,000 0.0 0.0 

15 15 - 20 3.1 225,000 0.7 0.0 

10 10 – 15 7.9 150,000 0.7 0.1 

5 5 – 10 20.7 75,000 0.7 0.2 

4 4 – 5 7.4 60,000 0.7 0.1 

3 3 – 4 7.2 45,000 0.7 0.1 

2 2 – 3 15.0 30,000 2.2 0.3 

1.5 1.5 - 2 12.8 22,500 5.9 0.8 

1.25 1.25 - 1.5 8.6 18,750 7.4 0.6 

1.1 1.1 - 1.25 8.0 16,500 8.9 0.7 

1 1 - 1.1 6.9 15,000 10.4 0.7 

Sum 100.0 Sum 3.5 

 

Table 9-17 Proposed situation – cells/ -green algae at lower 
estuary site  

Minimum 

Dilution 

(fold) 

Dilution 

Interval 

Occurrence of 

this Dilution 

Interval (%) 

Maximum Inflow 

Concentration Required 

to Exceed Critical Level  

Percentage of Time that 

Concentration is Exceeded in 

lower Kaituna River at Waitangi 

Location (%)  

Percentage of 

Time Exceeded 

(%) 

100 100 - 200 0.0 1,500,000 0.0 0.0 

50 50 - 100 6.4 750,000 0.0 0.0 

25 25 - 50 16.7 375,000 0.0 0.0 

20 20 - 25 2.8 300,000 0.0 0.0 

15 15 - 20 2.1 225,000 0.7 0.0 

10 10 – 15 2.1 150,000 0.7 0.0 

5 5 – 10 4.5 75,000 0.7 0.0 

4 4 – 5 2.7 60,000 0.7 0.0 

3 3 – 4 5.5 45,000 0.7 0.0 

2 2 – 3 16.6 30,000 2.2 0.4 

1.5 1.5 - 2 16.7 22,500 5.9 1.0 

1.25 1.25 - 1.5 9.1 18,750 7.4 0.7 

1.1 1.1 - 1.25 5.1 16,500 8.9 0.5 

1 1 - 1.1 9.6 15,000 10.4 1.0 

Sum 100.0 Sum 3.6 
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4   

situations was assessed using the dilution calculations outlined in 4  

T guidelines were violated was calculated by 

multiplying the each dilution interval was predicted to occur, with the 

 the concentration

critical threshold required to achieve the critical level within the estuary  These calculated values 

 

 in the Kaituna River was determined using the 

monitoring data at   period 2007 - 2013   

This data is presented in Figure 9-  

 

 
 
Figure 9-45 concentration in lower Kaituna River at 

 
 

columns 2 and 3 o Table 9-18 to Table 9-

21 which was derived in Table 9-12 and Table 9-13   

To combine the see Figure 9-45) with these dilutions, 

concentration  

Table 9-18 to Table 9-21, the 

concentr 14 and 43 counts per 100 ml would be 

violated at the lower estuary site

Table 9-18 to Table 9-21  
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concentrat

 Figure 9-45 Table 9-18 to Table 9-21  

Table 9-18 to Table 9-21, by multiplying the  

each dilution interval was predicted to occur, with the  the 

concentration  threshold  

These calculated values were then 

  

concentrations 14 

counts per 100 ml will be violated 

that the critical concentration will be violated   

 

estimated that the critical – 

also  
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Table 9-18 – at 
 

Minimum 

Dilution 

(fold) 

Dilution 

Interval 

Occurrence of 

this Dilution 

Interval 

(%) 

Maximum Inflow 

Concentration Required 

to Exceed Critical Level 

Percentage of Time that 

Concentration is Exceeded in 

lower Kaituna River at 

confluence of Waiari Stream (%) 

Percentage of 

Time 

Exceeded 

(%) 

500 > 500 0.0 7,000 1.8 0.0 

250 250 - 500  0.1 3,500 1.3 0.0 

200 200 - 250 0.3 2,800 1.3 0.0 

150  150 – 200 1.3 2,100 1.3 0.0 

100 100 – 150 3.7 1,400 1.3 0.0 

75  75 – 100 5.0 1,050 1.3 0.1 

50 50 – 75 8.3 700 5.2 0.4 

37.5  37.5 – 75 7.6 525 6.5 0.5 

25 25 – 37.5 11.4 350 9.1 1.0 

22.5  22.5 – 25 2.2 315 11.7 0.3 

20 20 – 22.5 2.2 280 13.0 0.3 

17.5  17.5 – 20 2.3 245 13.0 0.3 

15 15 – 17.5 2.5 210 19.5 0.5 

12.5  12.5 – 15 2.8 175 23.4 0.7 

10 10 – 12.5 4.1 140 28.6 1.2 

7.5  7.5 – 10 6.2 105 39.0 2.4 

5 5 – 7.5 12.6 70 51.9 6.6 

4.5  4.5 – 5 4.3 63 55.8 2.4 

4 4 – 4.5 4.8 56 58.4 2.8 

3.5  3.5 - 4 6.8 49 63.6 4.3 

3 3 – 3.5 8.3 42 70.1 5.8 

2.5  2.5 – 3 3.3 35 75.3 2.5 

2 2 – 2.5 0.2 28 80.5 0.1 

1.75  1.75 – 2 0.0 24.5 83.1 0.0 

1.5 1.5 – 1.75 0.0 21 84.4 0.0 

1.38  1.38 – 1.5 0.0 19.32 84.4 0.0 

1.25 1.25 - 1.38 0.0 17.5 88.3 0.0 

1.18  1.18 – 1.25 0.0 16.52 89.6 0.0 

1.1 1.1 - 1.18 0.0 15.4 89.6 0.0 

Sum 100.0 Sum 32.2 
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Table 9-19 Proposed situation – at 
 

Minimum 

Dilution 

(fold) 

Dilution 

Interval 

Occurrence of 

this Dilution 

Interval 

(%) 

Maximum Inflow 

Concentration Required 

to Exceed Critical Level 

Percentage of Time that 

Concentration is Exceeded in 

lower Kaituna River at 

confluence of Waiari Stream (%) 

Percentage of 

Time 

Exceeded 

(%) 

500 > 500 0.0 7,000 1.8 0.0 

250 250 - 500  7.9 3,500 1.3 0.1 

200 200 - 250 3.8 2,800 1.3 0.0 

150  150 – 200 5.6 2,100 1.3 0.1 

100 100 – 150 5.2 1,400 1.3 0.1 

75  75 – 100 2.3 1,050 1.3 0.0 

50 50 – 75 2.4 700 5.2 0.1 

37.5  37.5 – 75 1.2 525 6.5 0.1 

25 25 – 37.5 2.0 350 9.1 0.2 

22.5  22.5 – 25 0.5 315 11.7 0.1 

20 20 – 22.5 0.6 280 13.0 0.1 

17.5  17.5 – 20 0.7 245 13.0 0.1 

15 15 – 17.5 0.8 210 19.5 0.2 

12.5  12.5 – 15 1.3 175 23.4 0.3 

10 10 – 12.5 2.1 140 28.6 0.6 

7.5  7.5 – 10 3.7 105 39.0 1.4 

5 5 – 7.5 9.7 70 51.9 5.1 

4.5  4.5 – 5 4.6 63 55.8 2.6 

4 4 – 4.5 5.7 56 58.4 3.3 

3.5  3.5 - 4 6.7 49 63.6 4.3 

3 3 – 3.5 8.4 42 70.1 5.9 

2.5  2.5 – 3 9.6 35 75.3 7.2 

2 2 – 2.5 9.7 28 80.5 7.8 

1.75  1.75 – 2 4.7 24.5 83.1 3.9 

1.5 1.5 – 1.75 0.6 21 84.4 0.5 

1.38  1.38 – 1.5 0.0 19.32 84.4 0.0 

1.25 1.25 - 1.38 0.0 17.5 88.3 0.0 

1.18  1.18 – 1.25 0.0 16.52 89.6 0.0 

1.1 1.1 - 1.18 0.0 15.4 89.6 0.0 

Sum 100.0 Sum 44.1 
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Table 9-20 – at 
 

Minimum 

Dilution 

(fold) 

Dilution 

Interval 

Occurrence of 

this Dilution 

Interval 

(%) 

Maximum Inflow 

Concentration Required 

to Exceed Critical Level 

Percentage of Time that 

Concentration is Exceeded in 

lower Kaituna River at 

confluence of Waiari Stream (%) 

Percentage of 

Time 

Exceeded 

(%) 

500 > 500 0.0 21,500 0.0 0.0 

250 250 - 500  0.1 10,750 0.0 0.0 

200 200 - 250 0.3 8,600 0.0 0.0 

150  150 – 200 1.3 6,450 0.0 0.0 

100 100 – 150 3.7 4,300 1.3 0.0 

75  75 – 100 5.0 3,225 1.3 0.1 

50 50 – 75 8.3 2,150 1.3 0.1 

37.5  37.5 – 75 7.6 1,612.5 1.3 0.1 

25 25 – 37.5 11.4 1,075 1.3 0.1 

22.5  22.5 – 25 2.2 967.5 1.3 0.0 

20 20 – 22.5 2.2 860 2.6 0.1 

17.5  17.5 – 20 2.3 752.5 3.9 0.1 

15 15 – 17.5 2.5 645 5.2 0.1 

12.5  12.5 – 15 2.8 537.5 6.5 0.2 

10 10 – 12.5 4.1 430 6.5 0.3 

7.5  7.5 – 10 6.2 322.5 11.7 0.7 

5 5 – 7.5 12.6 215 19.5 2.5 

4.5  4.5 – 5 4.3 193.5 19.5 0.8 

4 4 – 4.5 4.8 172 23.4 1.1 

3.5  3.5 - 4 6.8 150.5 28.6 1.9 

3 3 – 3.5 8.3 129 35.1 2.9 

2.5  2.5 – 3 3.3 107.5 39.0 1.3 

2 2 – 2.5 0.2 86 44.2 0.1 

1.75  1.75 – 2 0.0 75.25 49.4 0.0 

1.5 1.5 – 1.75 0.0 64.5 55.8 0.0 

1.38  1.38 – 1.5 0.0 59.34 57.1 0.0 

1.25 1.25 - 1.38 0.0 53.75 59.7 0.0 

1.18  1.18 – 1.25 0.0 50.74 62.3 0.0 

1.1 1.1 - 1.18 0.0 47.3 63.6 0.0 

Sum 100.0 Sum 12.6 
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Table 9-21 Proposed situation – at 
lower estuary site  

Minimum 

Dilution 

(fold) 

Dilution 

Interval 

Occurrence of 

this Dilution 

Interval 

(%) 

Maximum Inflow 

Concentration Required 

to Exceed Critical Level 

Percentage of Time that 

Concentration is Exceeded in 

lower Kaituna River at 

confluence of Waiari Stream (%) 

Percentage of 

Time 

Exceeded 

(%) 

500 > 500 0.0 21,500 0.0 0.0 

250 250 - 500  7.9 10,750 0.0 0.0 

200 200 - 250 3.8 8,600 0.0 0.0 

150  150 – 200 5.6 6,450 0.0 0.0 

100 100 – 150 5.2 4,300 1.3 0.1 

75  75 – 100 2.3 3,225 1.3 0.0 

50 50 – 75 2.4 2,150 1.3 0.0 

37.5  37.5 – 75 1.2 1,612.5 1.3 0.0 

25 25 – 37.5 2.0 1,075 1.3 0.0 

22.5  22.5 – 25 0.5 967.5 1.3 0.0 

20 20 – 22.5 0.6 860 2.6 0.0 

17.5  17.5 – 20 0.7 752.5 3.9 0.0 

15 15 – 17.5 0.8 645 5.2 0.0 

12.5  12.5 – 15 1.3 537.5 6.5 0.1 

10 10 – 12.5 2.1 430 6.5 0.1 

7.5  7.5 – 10 3.7 322.5 11.7 0.4 

5 5 – 7.5 9.7 215 19.5 1.9 

4.5  4.5 – 5 4.6 193.5 19.5 0.9 

4 4 – 4.5 5.7 172 23.4 1.3 

3.5  3.5 - 4 6.7 150.5 28.6 1.9 

3 3 – 3.5 8.4 129 35.1 2.9 

2.5  2.5 – 3 9.6 107.5 39.0 3.7 

2 2 – 2.5 9.7 86 44.2 4.3 

1.75  1.75 – 2 4.7 75.25 49.4 2.3 

1.5 1.5 – 1.75 0.6 64.5 55.8 0.3 

1.38  1.38 – 1.5 0.0 59.34 57.1 0.0 

1.25 1.25 - 1.38 0.0 53.75 59.7 0.0 

1.18  1.18 – 1.25 0.0 50.74 62.3 0.0 

1.1 1.1 - 1.18 0.0 47.3 63.6 0.0 

Sum 100.0 Sum 20.6 
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4   

assessed using the dilution calculations as set out in 1  

T bathing water suitability guidelines were violated was calculated 

by multiplying the each dilution interval was predicted to occur, with the 

 the Enterococci concentrations w

critical threshold required to achieve the critical level within the estuary

 

determined using the 

period 2007 - 2013

data is presented in Figure 9-46  

 

 

Figure 9-46 
 

 

Table 9-22 and Table 9-

23 which was derived in Table 9-14 and Table 9-   

To combine the Enterococci concentrations Figure 9-46) with these dilutions, it was 

 

  

 Table 9-22 and Table 9-23   the 

Table 9-22 and Table 

9-23  

The percentage Enterococci concentrations 

 Figure 9-46 Table 9-22 and Table 9-23  
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The c

Table 9-22 and Table 9-23, by multiplying the  

each dilution interval was predicted to occur, with the me that the Enterococci 

concentration  threshold   

These calculated values were then summed 

  

0

critical concentration will be violated 3  
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Table 9-22 – 80 
Ramp  

Minimum 

Dilution 

(fold) 

Dilution 

Interval 

Occurrence of 

this Dilution 

Interval 

(%) 

Maximum Inflow 

Concentration 

Percentage of Time that 

Concentration is Exceeded in lower 

Kaituna River at confluence of 

Waiari Stream (%) 

Percentage of 

Time Exceeded 

(%) 

500 > 500 0.0 140,000 0.0 0.0 

250 250 - 500  0.0 70,000 0.0 0.0 

200 200 - 250 0.0 56,000 0.0 0.0 

150  150 – 200 0.0 42,000 0.0 0.0 

100 100 – 150 0.0 28,000 0.0 0.0 

75  75 – 100 0.0 21,000 0.0 0.0 

50 50 – 75 0.0 14,000 0.0 0.0 

37.5  37.5 – 75 0.0 10,500 0.0 0.0 

25 25 – 37.5 0.3 7,000 0.0 0.0 

22.5  22.5 – 25 0.3 6,300 0.0 0.0 

20 20 – 22.5 0.5 5,600 0.0 0.0 

17.5  17.5 – 20 0.9 4,900 0.0 0.0 

15 15 – 17.5 1.7 4,200 1.3 0.0 

12.5  12.5 – 15 4.5 3,500 1.3 0.1 

10 10 – 12.5 7.8 2,800 1.3 0.1 

7.5  7.5 – 10 19.6 2,100 1.3 0.3 

5 5 – 7.5 27.0 1,400 1.3 0.4 

4.5  4.5 – 5 8.7 1,260 1.3 0.1 

4 4 – 4.5 8.5 1,120 1.3 0.1 

3.5  3.5 - 4 5.0 980 1.3 0.1 

3 3 – 3.5 1.8 840 2.6 0.0 

2.5  2.5 – 3 2.3 700 5.2 0.1 

2 2 – 2.5 4.1 560 6.5 0.3 

1.75  1.75 – 2 2.7 490 6.5 0.2 

1.5 1.5 – 1.75 3.3 420 6.5 0.2 

1.38  1.38 – 1.5 0.7 386.4 6.5 0.0 

1.25 1.25 - 1.38 0.2 350 9.1 0.0 

1.18  1.18 – 1.25 0.0 330.4 11.7 0.0 

1.1 1.1 - 1.18 0.0 308 11.7 0.0 

Sum 100.0 Sum 2.0 
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Table 9-23 Proposed situation – 80 
Ramp  

Minimum 

Dilution 

(fold) 

Dilution 

Interval 

Occurrence of 

this Dilution 

Interval 

(%) 

Maximum Inflow 

Concentration 

Percentage of Time that 

Concentration is Exceeded in lower 

Kaituna River at confluence of 

Waiari Stream (%) 

Percentage of 

Time Exceeded 

(%) 

500 > 500 0.0 140,000 0.0 0.0 

250 250 - 500  0.0 70,000 0.0 0.0 

200 200 - 250 0.0 56,000 0.0 0.0 

150  150 – 200 0.4 42,000 0.0 0.0 

100 100 – 150 7.8 28,000 0.0 0.0 

75  75 – 100 6.3 21,000 0.0 0.0 

50 50 – 75 8.0 14,000 0.0 0.0 

37.5  37.5 – 75 4.0 10,500 0.0 0.0 

25 25 – 37.5 2.9 7,000 0.0 0.0 

22.5  22.5 – 25 0.6 6,300 0.0 0.0 

20 20 – 22.5 0.6 5,600 0.0 0.0 

17.5  17.5 – 20 0.7 4,900 0.0 0.0 

15 15 – 17.5 0.7 4,200 1.3 0.0 

12.5  12.5 – 15 1.0 3,500 1.3 0.0 

10 10 – 12.5 1.0 2,800 1.3 0.0 

7.5  7.5 – 10 1.4 2,100 1.3 0.0 

5 5 – 7.5 2.7 1,400 1.3 0.0 

4.5  4.5 – 5 1.7 1,260 1.3 0.0 

4 4 – 4.5 2.3 1,120 1.3 0.0 

3.5  3.5 - 4 5.0 980 1.3 0.1 

3 3 – 3.5 7.7 840 2.6 0.2 

2.5  2.5 – 3 12.1 700 5.2 0.6 

2 2 – 2.5 16.5 560 6.5 1.1 

1.75  1.75 – 2 6.4 490 6.5 0.4 

1.5 1.5 – 1.75 4.8 420 6.5 0.3 

1.38  1.38 – 1.5 1.7 386.4 6.5 0.1 

1.25 1.25 - 1.38 1.9 350 9.1 0.2 

1.18  1.18 – 1.25 1.1 330.4 11.7 0.1 

1.1 1.1 - 1.18 0.5 308 11.7 0.1 

Sum 99.9 Sum 3.3 

  



Water Quality Assessment  

  9-71 

 Nutrient Assessment 

the 

river to the estuary using the nutrient model described in   One assessment has 

and one assessment has been 

The nutrient assessment was carried out to determine the overall 

especially the drains in the so

  

5  Base Flow Assessment 

 

For the nutrient baseline assessment,  was Kaituna 

 

the estuary as outlined in  

concentrations were  the river and drains in agreement with 

team are provided in Table 9-24 and were derived in 

the water quality data outlined in 

  

Table 9-24  inputs, drains and open 
ocean  

Nutrient 

Concentration (g/m
3
) 

Significant 

Freshwater Inputs 

Drains 
Open Ocean 

Singletons / Waitipuia Ford Road  All Other  

TN 0.800 1.300 0.700 0.950 0.100 

DIN 0.600 0.950 0.400 0.400 0.030 

TP 0.070 0.110 0.080 0.100 0.010 

DRP 0.040 0.035 0.015 0.015 0.006 

 

The nutrient baseline assessment simulations were  a cover neap / 

spring tidal cycle not including a two  

and the proposed option is presented in Figure 9-47  

are presented in Figure 9-48 to Figure 9-5  

Figure 9-51

 and TP  

is presented in Figure 9-52 to Figure 9-56  

 

The reason why there are reasonably high nutrient levels within the 

Land 

through the re-diversion channel culverts is 

t  
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For TN, TP, DIN and DRP  

 there is an increase in mean nutrient concentrations in the mid to lower estuary; 

 mean nutrient concentrations in the upper estuary;  

 mean nutrient 

concentrations in the wetlan   

 mean nutrient 

concentrations

interestingly the  
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Figure 9-47 Depth averaged mean TN – nutrient baseline assessment with 

proposed option   
-west Papahikahawai Island, hence only initial 

condition displayed  
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Figure 9-48 Depth averaged mean DIN – n

  
-west Papahikahawai Island, hence only initial 
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Figure 9-49 Depth averaged mean TP – n

  
-west Papahikahawai Island, hence only initial 
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Figure 9-50 Depth averaged mean DRP – n

  
sible in area north-west Papahikahawai Island, hence only initial 
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Figure 9-51  and TP comparison  

  

v 

v 

v 

t1 

t2 

t3 

t4 

t5 
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Figure 9-52 Nutrient baseline assessment - c  depth averaged TN  and depth 

averaged at Ford’s 1)
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Figure 9-53 Nutrient baseline assessment - c depth averaged  depth 

averaged  at mid estuary channel location 
2)   
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Figure 9-54 Nutrient baseline assessment - c  depth averaged depth 

averaged  d proposed option at mid estuary tidal lat location 
3)   
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Figure 9-55 Nutrient baseline assessment - compa  depth averaged  depth 

averaged at southern drains l )  
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Figure 9-56 Nutrient baseline assessment - comparison  depth averaged depth 

averaged at estuary entrance location 
5)    
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5  Rain Event Assessment 

For the nutrient rain event assessment, the si

16
th
 to 24

th
 April 2013 were simulated

 

 

d and appropriate nutrient 

Table 9-25  

Table 9-25   

Nutrient 
Concentration (g/m

3
) 

Significant Freshwater Inputs Drains Open Ocean 

TN 0.800 2.050 0.100 

DIN 0.600 0.900 0.030 

TP 0.070 0.230 0.010 

DRP 0.040 0.040 0.006 

 

th
 April to 24

th
 

 

and the proposed option is presented in Figure 9-57  

are presented in Figure 9-58 to Figure 9-60  

Figure 9-51

is presented in Figure 9-61 to Figure 9-65

TP respectively and there  

For the rain event, the nutrients that enter the estuary directly  the southern drains dominate 

r 

 roposed option on nutrient levels 

 

The peaks Ford’s 

Figure 9-61 Ford’s Road drain entering the estuary 

Ford’s Loop instead  
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Figure 9-57 Depth averaged mean TN – nutrient rain event 

  
-west Papahikahawai Island, hence only initial 
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Figure 9-58 Depth averaged mean DIN – nutrient rain event 

  
-west Papahikahawai Island, hence only initial 
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Figure 9-59 Depth averaged mean TP – nutrient rain event 

  
-west Papahikahawai Island, hence only initial 
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Figure 9-60 Depth averaged mean DRP – nutrient rain event 

  
situation, n -west Papahikahawai Island, hence only initial 
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Figure 9-61 Nutrient rain event assessment - c  depth averaged depth 

averaged  at Ford’s  
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Figure 9-62 Nutrient rain event assessment - comparison   depth averaged  depth 

averaged  at mid estuary channel location 
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Figure 9-63 Nutrient rain event assessment - comparison  depth averaged  depth 

averaged   at mid estuary tidal lat location 
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Figure 9-64 Nutrient rain event assessment - comparison depth averaged depth 
averaged   at southern d  
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Figure 9-65 Nutrient rain event assessment - comparison  depth averaged  depth 

averaged   at estuary entrance location 
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10  

-

O  

quality that may occur in the lower Kaituna River and   

A comprehensive data collection campaign was carried out to provide inputs to the numerical 

 

scale Motiti Island at the 

 

with the most sheltering occurring at y 

 

the 
3

3

3 
- 

 

A morphological model was developed by coupling hydrodynamic, wave and sand transport 

good 

model 

r typical and 

 

  

 nters the 

 

 

 

 

  

the proposed option is implemented such as a dredging a channel thro

 

  entrance rock 

 

 There is also the 

long term erosion to occur within estuary, however depending on sediment 
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 , there is no evidence that this 

 

 

reduce 

 

  

 The proposed option should not have a  impact with regard to the 

 

event 

  The 

o predicts that there will be an 

risk to   

climate change scenarios the proposed option is also shown to increase peak water levels by 

 

 For all scenarios the 

proposed option will decrease peak water levels in the For a May 2005 

 

into  It should be noted that work is ongoing investigating the 

and how agement 

 

within the estuary Wetland, salinity at Titchmarsh intake, blue-green algae 

 

The bacteria and blue-   

With regard to salinity within the estuary, the salinity assessment predicted that with the 

this decrease in salinity is dependent on the location within the estuary and associated river 

 

edge will migrate some 200 – 250 m  

The proposed option will slightly decrease water levels within the lower Kaituna River and 

W

gated culvert w

 

ted during periods with high 
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-compliance with New 

-

-

assigned probabilities which were then related to observed blue-green algae and bacteria 

concen

 

 

 With regard to blue-green algae in the lower estuary, there is an increase in the 

-green algae 

 

  

time that will e  and 43 

1

 

 

3

 

A nutrient model was applied to assess t

 

For the baseline nutrient assessment, it was predicted that 

increase in mean nutrient levels within the estuary, however compared with nutrient levels in the 

 

For the rain event nutrient assessment, it was predicted that that the proposed option will not 
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 Introduction 

the regional and local  

B 2  

 

water into near -

 

 

  

 Dire  

 

 

  

 Non-linear wave-wave interaction; 

 Dissipation due to white-capping 

  

 Dissipation due to depth-induced wave breaking;  

  

 Wave-current interaction; and 

 -  

 

d 

using a cell-

multi-  

Further   

12  

B 3  

are summarised in Table B-

12  

 

  



  

 B-3 

Table B-1 regional  

Parameter Value 

 mulation 

Time Formulation  

 Logarithmic 

 

 

 

Direction discretisation 10 degrees 

Bottom Friction  

Wind Forcing oupled air-sea  )  

 Quadruplet wave interaction  

Wave Breaking Formulation Ruessink et. al.  

 1  

 

B 4 Regional Wave Model  

The regional wave model was calibrated by comparing predicted model results against observed 

-1, Figure B-2 and Figure B-3 show 

ree month period 1
st
 June to 1

st
 

 

 

 
Figure B-1   
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Figure B-2  wave rider buoy  
  

 
Figure B-3 wave rider buoy 

5 o  

parameters have been evaluated: 

 
n

ie me
N

meanm
1

1)(  

 
n

idif
N

difBias
1

1  

 

n

idif
N

RMS
1

21  
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n n

ii

n

ii

momomeme

momomeme

ncorrelatio

1 1

22

1

)()(

))((

)(  

 
where: 

 

me i  

mo i =  Model value 

dif i mo i-me i 

 

The computed statistical values are presented in Table B-  

 
Table B-2  

Mean value 

 

bias  

 

 

 

 

 
 

2
 

      

 
 

-4

statistical analysis and visual comparison indicate that the regional wave model is able to be 

 

 

 

 

Figure B-4  observed Hs versus simulated Hs  
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e local wave model are 

summarised in Table B-  IKE 21 

2  

 

Table B-3  local  

Parameter Value 

 Directionally  

Time Formulation Quasi stationary  

Direction discretisation 20 degrees 

 Quadruplet wave interaction  

Bottom Friction m 

Wave Breaking Formulation  

 

 

B 7  Local Wave Model Validation 

21
st
 March to 30

th
 

April 2013
th
 April 2013 and this event 

 

The wind data collected within the estuary has bee

 the s is 

shown in Figure B-5 and this suggests the local model is able to reasonably resolve 

wave events  
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Figure B-5     
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LITDRIFT Model 
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 Introduction 

 

 -

 

2  LITDRIFT Model 

LITDRIFT 

tes the long-shore currents 

which are caused by gradients in the radiation stresses when waves break at an angle to the 

 It simulates the cross-  

the cross-

 LITDRIFT is related to 

-

 

The long shore and cross-shore momentum balance equation are solved to give the cross-shore 

 e decay due to breaking is included in the 

LITDRIFT accounts  

 Regular/irregular waves;  

 Water levels;  

 Tidal currents;  

 Wind shear stresses;  

 Non-  

  

 Breaking; and 

 Non-  

 
one single wave event is the cross-

level, longshore current, wave height and 

The total net an

we
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 Introduction 

  FM) and three 

dimensional MIKE 3 HD FM) hydrodynamic the 

morphological and water quality 

models and details the  

A three dimensional model was required to reproduce the saline intrusion that occurs within the 

river and ultimately determines the  

 MIKE 21 HD FM Model  

MIKE 21 HD FM is a two dimensional hydrodynamic model which simulates the water level 

 FM 

phenomena such as tidal hydraulics, wind and wave generated currents, 

 the MIKE 21 HD FM MIKE 21 HD FM User Guide 

2)  

MIKE 21 HD FM  

 2D Regional Hydrodynamic Model 

etry 

model are shown in Figure D-1   

 

Figure D-1 Regional 2D m  



  

 D-3 

Boundary  

 

altimetry and represents major tidal constituents Q1  M2

°  Where appropriate NOAA wind data has been used 

see  

 2D Local Hydrodynamic Model Bathymetry  

enabled hi- ents in 

 

stream-wise direction, such as channels or long- , 

 only triangles alone  

es  

below: 

 -MAP -  

 -  

  

 

 -  

 LiDAR – Near- river only above mean 

 

D-2 The model bathymetry and mesh 

D-3 to Figure D-6    
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Figure D-2 Local 2D hydrodynamic model  

 

 

 

Figure D-3  Local 2D hydrodynamic model bathymetry lower Kaituna River and 
Estuary  

 



  

 D-5 

 

Figure D-4 Local 2D hydrodynamic model bathymetry and mesh lower Kaituna River and Ongatoro / 
 

 

 

 

 

Figure D-5 Local 2D hydrodynamic model  
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Figure D-6 Local 2D hydrodynamic model bathymetry and mesh   

 

 model 

  and  were also included in the 

model typical conditions  

 Local 2D Hydrodynamic Model  

Hydrographic data was collected within the river, estuary and near-shore during March to April 

 
th
 

day 30
th
 March to 6

th
 April 2013

  

local 2D 

hydrodynamic model calibration was to obtain a reasonable agreement between the observed 

and predicted  

ic model are summarised in Table D-

MIKE 21 HD FM User Guide 2  

 
Table D-1  

Parameter Value 

 thm 

 

 

 

Enable Flood and Dry  
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Parameter Value 

 

Wind ) 

Wind Friction  2455 

Eddy Viscosity  

Resistance anning number  

  

3) minus 1  

 Waiari  ) 

3) 

th
 to 22

nd
 

3  

 

A spatially varying Manning number has been used as shown in Figure D-7 A Manning number 

m
1/3

/s was selected where model bathymetry was greater than 0 m and 

60 m
1/3

/s  and the estuary mouth 

where a Manning number m
1/3

/s model bathymetry was less than 

60 m
1/3

/s is reasonably high when compared to ‘typical’ 

 

 

To achieve a reasonable calibration it was necessary to reduce the de-tided 

1 This was deemed acceptable due to the uncertainty in de-tided 

  that a reasonable 

calibration was achieved  the local 3D hydrodynamic 

  

 

 
 
Figure D-7 2D local hydrodynamic model 

 

60 

32 
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  Water Levels 

 estuary is presented in 

Figure D-8 Ford’s Loop is presented in Figure D-9

 

 
 
Figure D-8 Ford’s 

th
 March to 6

th
 

 



  

 D-9 

 
 
Figure D-9  

and within Ford’s  period 30
th

 March to 6
th

  

  Flow Transects 

 

the river entrance, Ford’s  and estuary entrance is shown in Figure D-10  There is a 

very good agreement keeping in mind the uncertainties/error 
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Figure D-10 transects in Kaituna River entrance 

Ford’s  
 



  

 D-11 

   

 the observed and predicted currents within the estuary  the calibration period 

is presented in Figure D-11  There is a reasonable agreement in Ford’s 

This can be -

Ulva on the 2  Data was collected close to the same 

location in 2008 and peak current speeds were co  DHI, 2009) 

which is more consistent with predicted current speeds at this location  There is a reasonable 
th
 April 2013 

Ulva see Figure 3-9)  
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Figure D-11 Ford’s 

estuar
th
 March to 6

th
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 Local 2D Hydrodynamic Model Validation 

Model validation involves using the calibrated model 

 

The local 2D hydrodynamic model was validated using hydro graphic data collected by 

During these periods there are obvious increases in water level most likely due to a 

combinat  

River during period, 16
th
 to 22

nd
  To validate the local hydrodynamic model a seven 

6
th
 to 13

th
 

was close to   

 Water Levels 

 water levels within the estuary is presented in 

Figure D-12 Ford’s Loop is presented in Figure D-13
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Figure D-12  within estuary at Ford’s 

top), mid estuary at estuary entrance 6
th
 to 13

th
 April 

2013  

 

 



  

 D-15 

 
 
Figure D-13 

and within Ford’s Loop  6
th
  to 13

th
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2   

 the observed and predicted currents at the harbour entrance or the validation 

period is presented in Figure D-14  There is a good agreement with observed and predicted 

currents within Ford’s 

agreement when it appears the instrument 
th
 to 7

th
 April 2013 and 8

th
  



  

 D-17 

 
 
Figure D-14 

th
 

th
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 Local 2D Hydrodynamic Model Validation – Nearshore Area 

The currents observed  shore area vary greatly due to the 

 regional and locally generated The peak tidally generated 

Without a very accurate spatial and temporal 

was 

We believe it was not a requirement o accurately 

reproduce the nearshore currents, the local 2D 

hydrodynamic model has been validated to show that it is able to reasonably reproduce 

nearshore currents when there is a 

 

Figure D-15 
th
 to 22

nd
 t wind event as 

shown in Figure D-16  By illustrating that the model is able to reproduce near

 events, it has been illustrated that the model can reproduce a possible 

 

  

 

 

 
Figure D-15 e

 

 

 

 

 

 



  

 D-19 

 

 
Figure D-16  Wind in estuary 15

th
 to 22

nd
  

  

th
 

reproduce  the regional and locally wind generated nearshore currents, the model 

was not able to produce the measured However using the depth 

reproduced D-17  

nd 

river,  Okurei Point possibly 

estuary and river entrances), since the model was shown to reasonably predict nearshore 

currents  it can be assumed the associated nd 

Oku  

 



  

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

 
 
Figure D-17 

  

  MIKE 3 HD FM Model  

MIKE 3 HD FM is a three dimensional 

riation and current 

MIKE 3 HD FM 

three dimensional appli  studying 

phenomena like , storm surges, wave- , oceanographic circulations, 

density-  

MIKE 3 HD FM User Guide DHI, 2012)  

1 Local 3D Hydrodynamic Model Bathymetry and  

  3D hydrodynamic model is shown in Figure D-18

 local 3D hydrodynamic model, the mesh only includes the 

river and estuary with boundaries at 

the model mesh without  

processes within the river a

hydrodynamic local 3D hydrodynamic model river and estuary 

 2D hydrodynamic model mesh in 

the vicinity   



  

 D-21 

 

 

Figure D-18 Local 3D hydrodynamic model bathymetry 

 Local 3D Hydrodynamic Model  

 local 3D hydrodynamic model calibration was to obtain a reasonable agreement 

between the observed and predicted salinities within the river and estuary  The model has been 

the period 22
nd

 March to 5
th
 April 2013, a period when continuous salinity 

 

On the 4
th
 April 2013, 

Ford’s 

water entering into Ford’s  

 model parameters selected are presented in Table D-2   

Table D-2  

Parameter Value 

Vertical Mesh  

 300s 

 Higher  

 

 

 

Enable Flood and Dry  

 

 

Density  

Eddy Viscosity sky  
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Parameter Value 

Vertical: k –  

Resistance Varying resistance height map  

Dispersion  1 

Vertical: sc  Varying  

 Freshwater   

Open o  

 

A spatially varying roughness height has been used based on spatially varying Manning number 

 The roughness height is 

equivalent to the Nikuradse roughness 

 

 
1/6 

A spatially varying map was r

as used within Ford’s 

through the Ford’s 

Ford’s  

2      - River 

reproducing the behaviour 

within the Kaituna River and Ford’s Loop a comparison was made between the observed and 

 

on 4
th
 April 2013 within the 

Kaituna River and Ford’s Loop Transect 1 ) 

Figure D-19 to Figure D-26  

Visually there is a very good agreement between the observed and predicted salinity distribution 

river   

The model does appear 

 

 

  



  

 D-23 

 

 

 
Figure D-19 

8 8
th

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

 

 
 
Figure D-20  

th
 Water levels in 

Moturiki Datum with red line indicating measured water level in Ford’s  
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Figure D-21  

1 2 tom) on 4
th
 Water levels in 

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

 

 
 
Figure D-22 

1 2:44 p
th

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



  

 D-25 

 

 
Figure D-23 Ford’s Loop at 

8 8
th

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

 

 
 
Figure D-24  Ford’s Loop at 

imately 
th

 Water levels in 
Moturiki Datum with red line indicating measured water level in Ford’s  
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Figure D-25  n Ford’s Loop at 

2
th
 Water levels in 

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

 

 
 
Figure D-26  Ford’s Loop at 

1 2:44 p
th

 Water levels in Moturiki 
Datum with red line indicating measured water level in Ford’s  
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A comparison between all observed and predicted salinities within Kaituna R

shown in Figure D-27 70 gree within 

  gree with 10 

  

For the proposed diversion the most important location to get a good match between the 

observed and predicted salinities at 

site, 70 ties, while 90  

the predicted salinities a  

 

 

Figure D-27   

 

 

Figure D-28

 

 

Figure D-28   
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A comparison between all observed and predicted salinities within Ford’s 

shown in Figure D-

Ford’s Loop, while  gree within 10 

 

Ford’s 8

the predicted salinities a Ford’s Loop, while 88  

  

 

 

Figure D-29  Ford’s Loop  

  - Estuary 

A  within Ford’s 

mouth close to the sea bed  22
nd 

March to 

5
th
 April 2013 is shown in Figure D-30 and Figure D-31  Visually there is a very good agreement 

Within Ford’s , the predicted 

ile at the estuary 

 

Ford’s 
rd

 March 2013) and vice versa higher sal
st
 Match 2013) is 

 predicted entering the estuary through 

Ford’s  

observed and predicte   

 



  

 D-29 

 

Figure D-30  Ford’s  

 

 

Figure D-31  inside the estuary 
 

 

As described in  

4
th
 -32

ocations where  collected is shown 

in Figure D-33 to Figure D-40  

with an agreement  maybe slightly over 

A closer 

 Figure D-28 indicates that the model is over predicting salinities 

4 Ford’s 

in predicted salinities slightly higher than what was observed within the estuary, hence the likely 

r

 

T

saline intrusion within the river  
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Ford’s and the resulting sali Ford’s 

 

 

 

Figure D-32  

 

 

 

Figure D-33 
on 4th April 2013 at 10:21, 13:05 and 15:39  

 



  

 D-31 

 

Figure D-34 
on 4th April 2013 at 10:19, 13:00 and 15:35  

 

 
 
Figure D-35 

on 4th April 2013 at 12:47, and 15:23  

 

 

Figure D-36  
on 4th April 2013 at 9:51, 12:41 and 15:12  

 



  

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

 

Figure D-37   
on 4th April 2013 at 9:46, 12:36 and 15:07  

 

 

Figure D-38 
on 4th April 2013 at 12:29  

 

 

Figure D-39 
on 4th April 2013 at 9:00, 12:18 and 14:49  

 



  

 D-33 

 

Figure D-40 
on 4th April 2013 at 8:08, 11:51 and 14:25  
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Morphological Model 
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E 1  Introduction 

 MIKE 21 HD FM, MIKE 21 

s

 

 

  tidal conditions to illustrate the 

 

the   

E 2   

current and wave conditions, which -

cohesive sediments  -breaking waves, 

 

 

 bed load transport; and  

 suspended load transport 

 

 

 

dynamically adjusts depending on the sed

  

 

Further  MIKE  in 

  

    and Validation  

validated model are shown in Table E-1

2) 

  
  



  

 E-3 

Table E-1  

Parameter Value 

Model Type Wave and currents  

 Lower Order 

  m/day 

calculations  

 

 

 

 

 

  the model boundaries  

combined 

suppl  

 Model Validation – Flood Event 

The morphological model was validated using a period which contained a t 

16
th
 to 22

nd
 

that would occur at the Kaituna River mouth and reproduce the  both the river 

  

E-1  coinciding with a high energy 

wave climate as shown in Figure E-2 e heights greater than  

ei Point 

ocean boundaries since it is outside 

 For this model validation, the water 

pressure )     
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Figure E-1 iod 15
th 

to 25
th
  

 

 

 
Figure E-2 d

15
th 

to 25
th

  

 



  

 E-5 

The local 

 will have had a direct impact on obs

 

immediately 

ed in Figure E-3

A cros bserved and predicted 

bed level Figure E-3 and 

are presented in Figure E-4

the river mouth with the beha
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Figure E-3   bathymetry comparison on 24

th
 

 



  

 E-7 

 

 Figure E-4  -  

 

Ford’s Loop, Ford’s -5

not able to match the water l e believe this is because the model 

 

 minimal wave set up was We 

emphasis    

Presented in Figure E-6  

the high energy wave event at 4:00 pm 16
th
 April 2013 Figure E-

-

The associated sediment transports rates are presented in Figure E-  

the   is apparent 

in the wave and current s   

the -clock wise so 

 an easterly  / transport 

 towards both the river and the estuary entrance, wit  
-6

 m
3
/s/m 

 

The large scale current patterns that divide around the headland 

shallow waters  and  currents are really dominated by wave 

rather than tides or winds)  

It should be noted that this is just one wave condition and more northerly wave conditions would 

probably lead to more consistent easterly transport, while more easterly waves would probably 

lead to weste  
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Figure E-5  Ford’s Ford’s 

s, 15ht to 24
th

 April 2014  
  



  

 E-9 

 

 
 
Figure E-6 

th
 April 

 

 

 

Figure E-7 the 
16th  
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Figure E-8 in the  the river and estuary entrances during 

wave event at 4:00 pm 16
th

  

 

 
 
Figure E-9  in the  the river and estuary entrances 

energy wave event at 4:00 pm 16
th

  

 

The model  were deemed 

 and to predict 

  -
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 Model Validation –  

 

To illustrate that the morphological model is able to reproduce the sediment transport behaviour 

oposed diversion option, the period, 28
th
 March to 17

th
 April 2013 was 

ry 

-10 and 

 

 

 in 

Estuary the   

 

 

 
Figure E-10 Accumulated sediment transport rates over period 28

th
 March to 17

th
 

sediment transport rates in m
3
/m and vectors limited to 

3
/m so that all vectors are 
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Water Quality Models 
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F 1  Introduction 

-  

 Blue-green algae model 

 ) model; and 

 hosphorous) model   

 

   ater Quality Models 

The local 3D hydrodynamic model 

the estuary through the re-diversion 

 

the water quality assessments  the changes in the overall salinity to 

the estuary, due to the 

   

Instead a , d 

salt 

- The Ford’s 

ut culverts were included in this  

 the bathymetry 

-  

 

 
 
Figure F-1 3D mod  

 

The 3D river model was then used to produce the estuary 

and the open ocean  equivalent to the local 2D hydrodynamic model 

The boundary conditions produced by the 3D river 



  

 F-3 

Ford’s -

  the 

 

 F-

 The drains outlined  have been included in the water quality models  The same 

 

 

 

Figure F-2   

 

 
 
Figure F-3  
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3  Blue- p 

For the planktonic blue-green algae model, the algae was represented with a simple 

blue-

blue-

  

4    

- Enterococci and ) was 

decay rates have been selected DHI with similar projects worldwide): 

 4 day
-1

 

  day
-1

 

These decays rates are considered conservative and are consistent with decay that would occur 

in turbid water or in non-  

5   

Four nutrient parameters have been 

nutrients have been modelled as a conservative tracer with no decay and are : 

 Total N ; 

 ; 

 Dissolved Inorganic  

   

6  Validation -Green Algae and Bacteria Models 

The blue-green algae and bacteria models have been validated using the data collected on 4th 

and river to the estuary was realistic and that there was no other process occurring not 

-green algae and bacteria models    

A blue-
th
 April 2013 with a three 

n 3 

The 
th
 April 2013 and are 

presented in Table F-1  

  

  



  

 F-5 

Table F-1  -  

Location Chl.a (mg/m
3
) Faecal coliforms  

(counts / 100ml) 

Enterococci 

(counts / 100ml) 

River 2.2 580 110 

Drains 4.4 1,500 1,500 

Open Ocean 0 0 0 

 

The a, and Enterococci was then compared with observations at 

-4 within the estuary on 4
th
  

 

 

 
Figure F-4 a, and 

Enterococci  

 

a 

Figure F-5), -6) and E -7  

and Enterococci) at the Boat Ramp and at Ford’s 

 

The simulated concentrations at ites 4, 5, and 9 

– mid tide

 

-

ld have 
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The blue-green algae and bacteria model validation 

predicting blue-green algae and bacteria concentrations within the estuary keeping in mind the 

 

a in the drains were not 

Enterococci a see 

Figure F-8       

  



  

 F-7 

 

 

 

 

 

 

Figure F-5 a 
Ford’s – 
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Figure F-6 observed and predicted l 

counts / 100 ml) Ford’s – 
The purple line represents the 

 
 

730 
1100 



  

 

 F-9 

 

 

 

 

 

 
Figure F-7 Enterococci at the 

Ford’s – 
The purple line re  
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Figure F–8 Relationship between Enterococci concentrations and c a concentrations in the Ongatoro / 

 

  Kaituna Wetland Model 

e Kaituna Wetland model 

is shown in Figure F-  

 
 
Figure F–9 Kaituna Wetland model bathymetry with intake locations/ 

 

Kaituna Wetland model were provided by the local 2D 

 

 which have been represented within 

the model: 

 Intake 1 – 

invert  

 Intake 2 – -1 m invert 

 

Intake 1 

Intake 2 

Intake 3 



  

 

 F-11 

 Intake 3 –  turiki Datum) invert and length 

  weir structure on the  

This modelling 

water levels  

 to the 

wetland that may occur due to the narrow channels within the wetland
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APPENDIX G 

Additional Plots Requested by Project Team 
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Figure G–1  new re-di

bottom)  
 



  

 

 G-3 

 

 
 

 
 
Figure G–2  new re-di
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Figure G–3  new re-di spring tide 

 
 
 



  

 

 G-5 

 

 

 

 

 
Figure G–4 M   new re-di spring 
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Figure G–6 
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Figure G–7 
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Figure G–8 or 
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Figure G–9 
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Figure G–10 
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