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STATEMENT OF REBUTTAL EVIDENCE OF DR SHARON BETTY 
DELUCA FOR THE NZ TRANSPORT AGENCY AND PORIRUA CITY 
COUNCIL 

INTRODUCTION 

1 My full name is Dr Sharon Betty De Luca.  

2 I have the qualifications and experience set out at paragraphs 2 to 
5.6 of my statement of evidence in chief, dated 17 November 2011 
(EIC).   

3 I repeat the confirmation given in my EIC that I have read, and 
agree to comply with, the Code of Conduct for Expert Witnesses 
(Consolidated Practice Note 2011). 

4 I confirm that I am authorised to give this evidence on behalf of NZ 
Transport Agency. 

5 In this statement of rebuttal evidence, I: 

5.1 Respond to the evidence of Helen Anne Kettles, on behalf of 
Director General of Conservation  

5.2 Make a minor correction to a paragraph in my evidence in 
chief. 

6 The fact that this rebuttal statement does not respond to every 
matter raised in the evidence of submitter witnesses within my area 
of expertise should not be taken as acceptance of the matters 
raised.  Rather, I rely on my evidence in chief and this rebuttal 
statement to set out my opinion on what I consider to be the key 
marine ecology matters for this hearing. 

7 For the purposes of this evidence, I will refer to the NZ Transport 
Agency (the NZTA) Project1 and the Porirua City Council (PCC) 
Project2 collectively as the “Transmission Gully Project” (and 
hereafter, the TGP or the Project). 

SUMMARY OF EVIDENCE 

8 The evidence prepared by Ms Kettles has not caused me to depart 
from the opinions and conclusions expressed in my evidence in 
chief.  I re-confirm the conclusions reached in my evidence in chief.   

                                            
1  The ‘NZTA Project’ refers to the construction, operation and maintenance of the 

Main Alignment and the Kenepuru Link Road by the NZTA. 
2  The ‘PCC Project’ refers to the construction, operation and maintenance of the 

Porirua Link Roads (being the Whitby Link Road and the Waitangirua Link Road) 
by PCC. 
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DOC EVIDENCE  

9 In the paragraphs below, I address the issues raised in the evidence 
in chief of Helen Kettles, on behalf of the Director General of 
Conservation, that are within my area of expertise. 

Linkage between benthic invertebrates and bird and fish 
feeding and habitat use 

10 As per the Marine Ecology Expert Conferencing Joint Report to the 
Board of Inquiry3, more detailed information on habitat use by fish 
and birds4 is provided in Table A and Table B, Appendix A.  The 
following paragraphs are a summary of that information. 

11 The Porirua Harbour contains a high diversity  of marine and 
freshwater fish that use the shallow, sheltered, warmer harbour 
waters for feeding and and/or spawning at various life stages.  
Invertebrates such as crabs, shrimp, worms, shellfish, small 
crustaceans, amphipods, in addition to plankton and fish, which are 
abundant throughout the intertidal and shallow subtidal areas of the 
Pauatahanui Inlet, form the diet of most of these fish.  Some 
species of fish, such as trevally, yellow-eyed mullet and flounder 
spend time in harbours and bays during their juvenile life stages.  A 
greater proportion of the fish species known to be present use the 
harbour in their adult life stage compared to the juvenile life stage 
(Table A). 

12 The estuarine/coastal birds that feed on invertebrates within the 
Pauatahanui Inlet include NZ pied oystercatcher, pied stilt, Northern 
NZ dotterel,  banded dotterel, reef heron, variable oystercatcher, 
royal spoonbill, white-faced heron, Eastern bar-tailed godwit, wrybill 
and pectoral sandpiper.  Primarily these birds feed on molluscs, 
crustacean, worms and crabs (Table B).  

Assessment of effects on saltmarsh 
13 Ms Kettles raises in paragraph 25 of her evidence in chief that there 

was little assessment of potential effects on saltmarsh in my 
evidence in chief.  The primary reason for this is that saltmarsh is 
largely outside the marine/estuarine areas that may be adversely 
affected by the Project.  A more in-depth discussion of salt marsh is 
provided in Technical Reports 10 and 11.5 

                                            
3  Paragraph 7. 
4  See also rebuttal evidence of Dr Bull. 
5  Sections 4.9.1, 5.2, 6.2.1, 6.4 Technical Report 6:  Terrestrial Habitat & Species 

Description and Values Report; 

Sections 3.1.2, 3.1.5, 5.3, Appendix 10F Technical Report 10: Marine Habitat & 
Species Description & Values Report;  

Sections 5.3.2, 5.9.4, 6.7, 10.1.7, 12.5 Technical Report 11:  Ecological Impact 
Assessment. 
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Threshold deposition areas under baseline conditions 
14 Ms Kettles stated in her evidence in chief difficulties in interpreting 

the modelling output information6  and raised that baseline 
sediment deposition has not been presented as effects threshold 
areas as it has been for the “with Project” scenario7.  In order to 
provide better understanding of the Project, the areas of benthic 
habitat affected under baseline conditions have been mapped as 
threshold areas8 and the area affected calculated (Table 1). The 
area of benthic habitat receiving threshold deposition9 during the 
rainfall events included in my evidence are presented below 
(Table 1), both as baseline and due to the Project only.  Where 
there is negative deposition due to the Project, this means that 
these areas are spared in the with Project scenario. 

15 Table 1, Figures 15A to 17B (as set out in Appendix B), and 
Figures 3A to 5B (attached to my evidence in chief), show that for 
the 2 year events small areas of intertidal habitat receive threshold 
deposition due to the Project during the maximum earthworks 
scenario (0.2 ha is the largest intertidal area affected).  Significant 
larger areas are affected under baseline conditions.  Larger areas 
are affected subtidally during maximum earthworks, but these are 
predominantly in the central subtidal basins, where ecological values 
are low.  All 2 year events have been assessed as having low to 
very low significance of impact10.  

16 The 10 yr events in the Horokiri stream catchment show a similar 
pattern, with large areas affected under baseline conditions (Figures 
18 to 20 (as set out in Appendix B).  During the maximum 
earthworks scenario small areas intertidally are affected by 
threshold deposition (some areas are spared), and greater areas 
affected subtidally (Table 1, and Figures 6 to 8 of my evidence in 
chief).  Similarly, these events have been assessed as having low 
significance of impact.11   

                                                                                                             
 
6 Paragraphs 34 and 38. 
7  Paragraph 52 
8  Figures 15A to 22 in Appendix B. 
9  The term “Threshold Deposition” in the context of my evidence refers to the 

deposition of terrigenous sediment above potential effects thresholds for benthic 
marine invertebrates based on the current literature i.e. 5-10mm of deposited 
sediment may adversely affect sensitive species, >10mm of deposited sediment 
may affect a wider range of species and potentially affect community 
composition.  

10  Table 11.61, Technical Report 11. 
11  There is an error in Table 11.62, Technical Report 11.  The Assessment of Impact 

Magnitude for 10 year events in the Horokiri Stream catchment is stated 
incorrectly as low, where it should have been stated as negligible.  
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17 Ms Kettles raises in paragraph 37 of her evidence in chief that 1.1ha 
of intertidal habitat receives 5-10mm deposition during a 10 year 
event in the Horokiri catchment with southerly winds under the 
maximum earthworks scenario.  This is correct, but should be 
considered along with the 0.8ha of benthic habitat that would under 
baseline conditions receive >10mm of sediment (and therefore 
affect a larger number of species than the deposition of 5-10mm), 
but under the with Project scenario this area is spared, resulting in a 
net increase in benthic habitat deposition of only 0.3ha (Table 1). 

18 The 10 yr event in the Duck/Pauatahanui catchments with northerly 
winds and the 10 yr event in the Kenepuru/Porirua catchments with 
southerly winds result in larger areas of intertidal habitat receiving 
threshold sediment deposition under baseline conditions (Table 1 
and Figures 21 to 22 in Appendix B).  Under the maximum 
earthworks scenario, due to more substantial areas of high value 
intertidal habitat receiving threshold deposition, the 10 year event in 
the Duck and Pauatahanui catchments (northerly wind) is 
considered to have high significance of impact, where the 10 year 
event in the Kenepuru and Porirua catchments (southerly wind) is 
considered to have moderate significance of impact.   

Table 1:  Area of benthic habitat receiving threshold deposition (ha)  

Intertidal Subtidal 
5-10mm >10mm 5-10mm >10mm 

2 Year (Both Inlets) 
Southerly - Baseline 32.0 1.2 33.4 8.4 
Southerly - Deposition due to 
maximum earthworks 0.2  0.0  5.3  2.0  
Northerly - Baseline 1.4 1.1 32.9 7.8 
Northerly - Deposition due to 
maximum earthworks 0.1  0.1  3.4  0.7  
Calm - Baseline 5.3 2.1 26.0 12.9 
Calm - Deposition due to maximum 
earthworks 0.2  0.1  5.9  1.2  
10 Year (Pauatahanui Inlet only) 
Horokiri Southerly - Baseline  2.0 1.9 64.6 32.4 
Horokiri Southerly  - Deposition 
due to maximum earthworks 1.1  -0.8 -3.4 0.2  
Horokiri Northerly - Baseline 1.9 2.8 60.2 24.4 
Horokiri Northerly – Deposition 
due to maximum earthworks -2.3 -1.7 13.7  6.5  
Horokiri Calm - Baseline 4.1 2.1 47.3 33.7 
Horokiri Calm – Deposition due to 
maximum earthworks 0.2  0.1  7.7  7.5  
Duck Northerly - Baseline 2.1 1.4 47.6 44.4 
Duck Northerly - Deposition due to 
maximum earthworks 3.9  0.0   -1.0  3.4  
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10 Year (Onepoto Arm only) 
Kenepuru Southerly - Baseline 1.2 0.1 26.4 20.4 
Kenepuru Southerly - Deposition 
due to maximum earthworks  1.8  1.0  -5.4  1.3 

 

Q50 Rainfall/Wind Events 
19 Further hydrodynamic modelling of extreme rainfall/wind events was 

agreed in the marine ecology expert witness caucusing.12  A Q50 in 
the Duck/Pauatahanui catchments (with a Q2 elsewhere) with 
northerly winds, and a Q50 in the Kenepuru/Porirua catchments 
(with a Q2 elsewhere) with southern winds have accordingly been 
modelled during the maximum earthworks open scenario.  It is 
worth noting that when heavy rainfall is predicted the site will be 
shut down and stabilised as best as is able, but this is not reflected 
in the modelling, which assumes that this stabilisation does not 
occur. 

20 SKM have produced a map series for the two Q50 events (see 
Appendix C).  Figures 50Yr-3D-TA 01 and 50Yr-3D-TA 02 show the 
difference in sediment deposition between the baseline and the peak 
earth works, 3 days after the peak of the storm event.  Figures 
50Yr-3D-TA 03 through to 06 show the baseline sediment deposition 
(in brown) with the areas of sedimentation that are pushed to within 
the 5mm and 10mm effects thresholds due to the Project.   

21 Figures 50Yr-3D-TA 03-06 show that a large proportion of the 
Onepoto Arm receives sediment in a baseline Q50 event with 
southerly winds, and an even larger proportion of the Pauatahanui 
Inlet receives sediment in a baseline Q50 event with northerly 
winds.  My evidence in chief stated at paragraph 84 that under a 
baseline Q50 event “an extremely large volume of sediment would 
be deposited in Porirua Harbour, smothering most, if not all of the 
organisms and resulting in highly significant adverse effects on 
marine ecological values”.   

22 Now that the two Q50 events have been modelled, I consider that 
my statement in paragraph 84 of my evidence in chief over states 
the situation.  Not all of the benthic habitat of the two inlets is 
affected by sedimentation under baseline Q50 events and therefore 
not most or all benthic organisms would suffer adverse effects, as 
stated in my evidence in chief.  It seems from the figures provided 
by SKM that perhaps one-third of the Onepoto Arm receives 
deposited sediment, and around one-third to a half of the 
Pauatahanui Inlet.  Deposition in both inlets is primarily, but not 
exclusively, in the central subtidal basin areas, which have lower 

                                            
12  Paragraph 15, Expert Conferencing Joint Report to the Board of Inquiry, 8 

December 2011. 
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ecological values compared to intertidal and shallow subtidal 
habitats.  

23 From the Project during maximum earthworks, the harbour receives 
an additional 660 tonnes of sediment with a Q50 in the 
Kenepuru/Porirua catchments and southerly winds and 1384 tonnes 
of sediment with a Q50 in the Duck/Pauatahanui catchments with 
northerly winds.  Figure 13 and 14 in Appendix C show the areas of 
benthic habitat that are pushed into the two effects threshold 
deposition areas.  It can be clearly seen in these figures that the 
effect of the Q50 is a pushing outwards of sediment from the 
baseline sediment deposition pattern.  Small areas of deposition 
occur in intertidal habitats, with most occurring subtidally.  Table 2 
below contains the additional areas of benthic habitat in Porirua 
Harbour predicted to receive sediment above threshold depths.  
Additional intertidal benthic habitat affected is less than 0.7 ha in 
the Pauatahanui Inlet, and less than 0.5 ha in the Onepoto Arm.  
Subtidally, less than 4.8 ha is affected in the Pauatahanui Inlet and 
less than 3.3 ha in the Onepoto Arm (Table 2). 

Table 2:  Additional threshold sediment deposition in Q50 events 
modelled due to the Project during maximum earthworks. 

 Duck/Pauatahanui Kenepuru/Porirua 

Deposition 
Thresholds 

Intertidal Subtidal Intertidal Subtidal 

5-10mm 0.32 ha 2.06 ha 0.37 ha 1.41 ha 

>10mm 0.35 ha 2.67 ha  0.05 ha 1.86 ha 

   

24 In paragraph 84 of my evidence in chief I state that the “additional 
sediment discharged to the harbour in a Q50 event from Project 
related open earthworks would make a negligible contribution to the 
adverse effects that would occur under baseline conditions”.  I 
remain confident in my conclusion.  Furthermore, I consider the 
adverse effects on the marine ecological values of the Porirua 
Harbour due to the Project are less in the two Q50 events modelled 
compared to the corresponding Q10 events, due to the large 
baseline volume of sediment discharged under baseline conditions. 

25 Total suspended sediment (TSS) within the harbour under the two 
Q50 events modelled follows a similar pattern to that of the Q10 and 
Q2 events, with low concentrations of sediment at three days post 
the peak of the storm event.  Negligible difference in TSS is evident 
between the baseline and peak construction scenarios.  An 
additional 1 ha of the Pauatahanui Inlet has a concentration of TSS 
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50-100g/m3 due to the Project at 3 days post the peak of the Q50 in 
the Duck/Pauatahanui Inlet, with 1 ha less affected at 0-50 g/m3.  
Effects on marine ecological values of TSS arising from the Q50 
storm event due to the Project are considered to be negligible.   

26 Similarly, in a smaller rainfall event, such as a Q20, the volume of 
sediment discharged to the harbour (and therefore concentration of 
TSS) would be expected to lie somewhere between a Q10 and Q50 
rainfall event.  Given that TSS is not expected to have adverse 
effects on marine ecological values in either of these two rainfall 
events, based on the scenarios modelled, it is not expected that 
adverse effects would occur during a Q20 rainfall event. 

Ration Stream 
27 In response to concerns raised by Ms Kettles in her evidence in chief 

regarding sediment contribution from Ration Stream13, a Q10 event 
has been modelled in this catchment, in conjunction with a Q10 in 
the Pauatahanui and Duck catchments and a Q2 elsewhere14.  
Ms Malcolm states in her rebuttal evidence that the earthworks 
staging used for this modelling scenario is 3.2km open in the Ration 
catchment, 0km open in the Pauatahanui catchment and 1.0km 
open in the Duck catchment.   

28 Ms Malcolm presents in her rebuttal evidence a discussion of the 
additional sensitivity analyses undertaken in relation to sediment 
yield in the Pauatahanui catchment.  Ms Malcolm concludes that the 
sensitivity analysis suggests reducing the baseline sediment yield 
from 4426 tonnes to 2631 tonnes.  Whilst the modelling of a Q10 in 
the Ration, Pauatahanui and Duck catchments mentioned in 
paragraph 27 above does not include earthworks in the Pauatahanui 
catchment, Ms Malcolm considers that a reduction in the baseline 
sediment yield in the Pauatahanui catchment, in conjunction with 
the sediment discharged from Ration stream during a Q10 event run 
as a further modelled scenario, can be used as a valid surrogate for 
understanding the effects on the harbour of a reduction of baseline 
sediment yield in the Pauatahanui catchment.  This is because 
sediment discharged from Ration Stream is likely to be deposited in 
similar locations to the sediment discharged from the Pauatahanui 
Stream15.  I consider the effects on marine ecological values from 
these modelled scenarios in the paragraphs that follow. 

29 For clarification, the additional modelled scenarios are: 

 Q10 in the Ration, Duck, Pauatahanui catchments with 
northerly, southerly and calm wind conditions, under 
baseline and during peak construction (6 modelling runs). 

                                            
13  Ms Kettles evidence in chief, paragraphs 62-71. 
14  Ms Malcolm, Rebuttal Evidence. 
15  Ms Malcolm, Rebuttal Evidence. 
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 Q10 in the Ration, Duck, Pauatahanui catchments with 
northerly winds only, using a reduced baseline sediment 
yield figure, under baseline and during peak construction (2 
modelling runs). 

Table 3:  Additional threshold sediment deposition in Q10 events modelled 
in Ration, Pauatahanui and Duck catchments (ha). 

Intertidal Subtidal 
5-10mm >10mm 5-10mm >10mm 

10 Year (Pauatahanui Inlet only) 
Ration, Pauatahanui, Duck - Calm - 
Baseline  7.3 8.9 39.3 62.5 
Ration, Pauatahanui, Duck - Calm - 
Deposition due to maximum 
earthworks 0.5 0.4 4.8 5.6 
Ration, Pauatahanui, Duck - 
Northerly- Baseline  6.6 1.9 51.0 50.9 
Ration, Pauatahanui, Duck - 
Northerly - Deposition due to 
maximum earthworks 0.7 0.4 6.4 4.8 
Ration, Pauatahanui, Duck – 
Southerly - Baseline  9.2 3.3 48.6 65.2 
Ration, Pauatahanui, Duck - 
Southerly - Deposition due to 
maximum earthworks 0.9 0.5 3.5 8.3 
10 Year with reduced baseline sediment yield in Pauatahanui catchment 
(Pauatahanui Inlet only) 
Ration, Pauatahanui, Duck - 
Northerly- Baseline  4.2 0.9 46.5 39.7 
Ration, Pauatahanui, Duck - 
Northerly - Deposition due to 
maximum earthworks 0.9 0.3 8.9 4.7 

 

30 Table 3 presents the baseline and Project related sediment 
deposition broken down by intertidal/subtidal and sediment 
threshold (5-10mm and >10mm).  This data has also been mapped 
(see Figures 23-30 in Appendix D).  I consider each modelled 
scenario as follows. 

31 In the calm wind baseline scenario (without Project), extensive 
areas of high value intertidal habitat extending from the mouth of 
the Pauatahanui Stream receive sediment above threshold depths 
(i.e. 7.3 ha receives 5-10mm sediment depth and 8.9 ha receives 
>10mm sediment depth) constituting a significant adverse effect.  
Subtidally, a total of approximately 100ha receives sediment above 
threshold depths (i.e. 39.3 plus 62.5 ha) (Table 3 and Figure 27, 
Appendix D).  The same rainfall and wind event causes a further 0.5 
ha and 0.4 ha of high value intertidal habitat, and 4.5 ha and 5.6 ha 
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of subtidal habitat to receive threshold sediment deposition due to 
the Project during peak construction (Table 3 and Figure 23, 
Appendix D).  The additional sediment deposition in the intertidal 
and shallow subtidal areas is small, particularly in comparison with 
the baseline.  I consider the additional adverse effects on the 
marine ecological values due to construction of the Project under the 
modelled rainfall and wind event to be insignificant.  

32 In the northerly wind baseline scenario, large areas of high value 
intertidal habitat around the mouth of Duck Creek and Pauatahanui 
Stream receive sediment above threshold depths (i.e. 6.6 ha 
receives 5-10 mm sediment depth and 1.9 ha receives >10 mm 
sediment depth) which would have significant adverse effects on 
benthic ecological values.  Subtidally, under baseline conditions, 
similar to the calm wind scenario, approximately 100 ha receives 
sediment above threshold depths (see Table 3 and Figure 28, 
Appendix D).   Sediment deposition under the same scenario, due to 
the Project, results in small areas of intertidal habitat receiving 
above threshold sediment deposition (i.e. 0.7 ha receives 5-10mm 
and 0.4 ha receives >10mm).  Subtidally, due to the Project, 6.4 ha 
and 4.8 ha receives sediment above threshold depths (Table 3 and 
Figure 24, Appendix D).  I consider the additional adverse effects 
caused by sediment deposition due to the Project are insignificant. 

33 In the southerly wind baseline scenario, as per the calm and 
northerly scenario, vast areas of high value intertidal habitat 
adjacent to Duck Creek, Pauatahanui Stream and between Ration 
and Horokiri Streams receive sediment above threshold depths (i.e. 
9.2 ha receives 5-10mm and 3.3 ha receives >10mm).  The effects 
of the baseline sediment deposition on intertidal marine ecological 
values are significant.  High value shallow subtidal habitat and lower 
value central subtidal basins also receive significant sediment under 
the baseline (i.e. approximately 114 ha in total) (Table 3, Figure 28, 
Appendix D).  Due to the Project, the additional sediment deposited, 
expands the areas affected under baseline conditions to a small 
degree in the intertidal habitat (i.e. an increase of 0.9 ha in the 5-
10mm threshold and an increase of 0.5 ha in the >10mm 
threshold).  Subtidally, a further 11.8 ha receives sediment above 
threshold depths (Table 3 and Figure 25, Appendix D).  Given the 
ecological values present in the intertidal and subtidal habitat of the 
Pauatahanui Inlet, I do not consider the additional sediment 
deposition due to the Project would cause significant adverse 
effects.   

34 The reduced baseline sediment yield modelling runs (baseline and 
with Project, under northerly winds) indicate an additional 0.1ha of 
intertidal habitat and 2.4 ha of subtidal habitat receives sediment at 
threshold depths due to the Project (Table 3 and Figure 26, 
Appendix D).  I do not consider that the reduced baseline sediment 
yield alters my assessment of the same storm.   
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35 When earthworks are open in the Pauatahanui catchment, and a 
Q10 storm occurs, using the reduced baseline sediment yield, the 
additional sediment discharged to harbour is estimated to be 100 
tonnes which is significantly less than the additional 578 tonnes 
modelled to discharge from Ration Stream in the scenario above16.  
Given that sediment arising from Ration Stream and Pauatahanui 
Stream is likely to deposit in similar parts of the intertidal and 
subtidal habitats17, I consider the additional effects of the reduced 
baseline sediment yield in the Pauatahanui catchment during 
maximum open earthworks in the Pauatahanui catchment to be 
negligible.   

36 In summary, I consider the adverse effects on marine ecological 
values attributable to the Project, based on the additional modelling 
of Q10 events that has been carried out in the Ration, Duck and 
Pauatahanui catchments, to be of low significance. 

Increasing the sediment yield estimate in the Kenepuru 
catchment  

37 An increase in the sediment yield estimate (during the maximum 
earthworks open scenario and allowing for fill sites) relating to 
Project construction in the Kenepuru catchment was made following 
revised estimates prepared by Ms Malcolm18.  A Q10 in the 
Kenepuru and Porirua catchments, with southerly winds was 
modelled again with this increased sediment yield.  The baseline 
sediment yield remaining as per the original modelling run.   

38 The baseline sediment deposition is shown in Table 4 and Figure 22 
(Appendix B), and the Project related sediment deposition is shown 
in Table 4 and Figure 31 (Appendix E).  There is no difference 
between the intertidal areas affected in the “with Project” scenario 
reported in Table 1 and that reported below in Table 4, and 
negligible difference in the subtidal areas.  The increase in the 
sediment yield estimate relating to Project construction has 
negligible effect on the areas of benthic habitat that receive 
sediment during this rainfall event.  My assessment of this event 
remains the same i.e. adverse effects of moderate significance due 
to the deposition in intertidal habitats which have moderate 
ecological values.   

                                            
16  Ms Malcolm, rebuttal evidence. 
17  Ms Malcolm, rebuttal evidence. 
18  Ms Malcolm, rebuttal evidence. 
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Table 4:  Threshold sediment deposition in a Q10 event with southerly 
winds, modelled in Kenepuru and Porirua catchments with increased 
sediment yield under the with Project scenario (ha). 

Intertidal Subtidal 
5-10mm >10mm 5-10mm >10mm 

10 Year with increased sediment yield during construction (Onepoto Arm only) 
Kenepuru & Porirua - Southerly - 
Baseline  1.2 0.1 26.4 20.4 
Kenepuru & Porirua - Southerly- 
Deposition due to maximum 
earthworks 1.8 1.0 -5.1 1.6 

  

Peak Earthworks point 
39 Ms Kettles raises concerns regarding the peak earthworks period, 

particularly in relation to Rations Stream19.  This is considered in the 
rebuttal evidence of Mr Edwards, paragraphs 24-27. 

Wide margin of error in modelling results 
40 Ms Kettles raises in paragraph 42 of her evidence in chief that Dr 

Fisher reported a +/-50% margin of error in the accuracy of the 
harbour modelling.  Mr Roberts responds to this in his rebuttal 
evidence paragraph 12-13. 

Resuspension of sediment 
41 Ms Kettles raises concerns in paragraphs 43 and 44 of her evidence 

in chief regarding redistribution of sediment during sediment moving 
wind events.  Mr Roberts responds to this in his rebuttal evidence 
paragraph 17. 

Net Change 
42 In paragraph 48 of Helen Kettles evidence in chief, Ms Kettles states 

that not all intertidal areas are homogenous, and that variation in 
ecological value is therefore not considered in using a net change 
approach to assessment of sediment deposition.  I accept that not 
all intertidal areas are homogenous, and that in the Pauatahanui 
Harbour there are areas that have higher values than other areas.  
However, in order to simplify the complex and detailed data 
informing my assessment, I have conservatively assumed that all of 
the intertidal habitat is of high value.   

43 I consider this approach to be practical and reasonable, as gaining 
an understanding of the variability of intertidal habitat value 
throughout the harbour would be excessively time consuming and 
prohibitively expensive, and would be unlikely to significantly affect 
the assessment of effects. 

                                            
19  Ms Kettles, Evidence in Chief, Paragraphs 65 and 66. 
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44 In paragraph 53 of Ms Kettles’ evidence in chief, she refers to the 
grey areas mapped on figures 3A-11B in my evidence in chief 
showing sediment deposition and loss, as having been previously 
impacted by sediment deposition and the sediment subsequently 
removed.  This is incorrect.  The grey areas are areas that would 
receive sediment deposition under the baseline situation, but when 
the same rainfall event occurs during peak earthworks, these grey 
areas that would have received sediment are spared, and do not 
receive sediment deposition.  Therefore, assuming all intertidal and 
near shore subtidal benthic habitat has high value, the areas spared 
can be deducted from the areas that receive sediment.  Similarly, 
assuming all central subtidal basin habitat in the Pauatahanui Inlet 
has low value; spared areas can be deducted from the areas 
receiving sediment. 

Harbour Resilience 
45 Ms Kettles states the Pauatahanui Inlet is only capable of supporting 

approximately half the number of cockles that existed in 1976.  I 
agree that the estimated population of cockles is approximately half 
of that detected in 1976, but a lower estimated population does not 
directly imply lower carrying capacity of the Inlet.  The last four 
surveys of the cockle population show a clear trend of increasing 
population, which is a positive sign for the ecological health of the 
Inlet. 

46 I have plotted the cockle abundance data collected by the Guardians 
of Pauatahanui Inlet in 2010, on the Q10 Duck/Pauatahanui (with 
northerly wind) sediment threshold plot, as requested by Helen 
Kettles (Figure 12, Appendix F).  This figure shows a moderate 
abundance of cockles in intertidal areas that may receive some 
sediment deposition during this particular extreme rainfall event 
adjacent to Duck Creek, Motukaraka West, and Pauatahanui Stream 
(25/0.1m2) and a high abundance at Bromley (40/0.1m2) to the 
north-east of Duck Creek.  Therefore, as per my assessment, 
deposition of sediment in these areas is considered to be an adverse 
effect of high significance. 

47 Ms Kettles refers to the intertidal monitoring carried out in the 
Porirua Harbour by Robertson & Stevens (2010).  They concluded 
that the benthic invertebrate community, as in previous years, was 
dominated by a broad range of sensitive species, with large 
numbers and elevated abundances of cockles and wedge shells.  
Robertson & Stevens (2010) further conclude that the invertebrate 
community is “relatively healthy and diverse but is prone to loss of 
sensitive species if there is a shift towards increased muddiness 
and/or nutrient enrichment”.  The authors report sediments are 
dominated by sand (80-89%), with 7-15% mud content.  I conclude 
from the Robertson & Stevens (2010) report that the benthic 
community is diverse, healthy and dominated by sensitive 
organisms and the sediment mud content is low. 



  13 

042407977/1456104.8 

Short-term Effects 
48 Ms Kettles states in paragraph 12 of her evidence in chief that I 

acknowledge that there will be ecologically significant short term 
catastrophic impacts on localised habitat in Pauatahanui Inlet 
(referring to my paragraph 104).  This is somewhat incorrect as I do 
not use the word catastrophic, nor do I consider it appropriate in 
this situation.  I state in paragraph 104 of my evidence in chief that 
“the additional effects of the Project on sediment deposition in the 
harbour, should either of the specific Q10 events identified occur, 
whilst comprising a small proportion of the total sediment deposition 
occurring, remain of moderate to high significance given the value 
of the habitat that may be affected”.   

Cumulative Effects 
49 Ms Kettles states that the cumulative effects of multiple rainfall 

events have not been assessed20.   

50 Repeated deposition of sediment on the same area of benthic 
habitat can have cumulative adverse effects on marine organisms.  
The scale of adverse effect depends on the benthic community 
present, the depth, area and duration of deposition and the time 
interval between deposition events.  Recovery from a deposition 
event occurs along a continuum, with opportunistic and tolerant 
species recolonising initially, followed over time by the more 
sensitive species and those with a longer life cycle.   Small events 
occur frequently but with small effects and rapid recovery.  

51 My assessment states that the Q2 events modelled do not have 
significant adverse effects on marine ecological values.  Events 
smaller than a Q2, whilst likely to occur more frequently, are 
similarly predicted to not cause significant adverse effects on marine 
ecological values. 

52 The probability of a Q2 event occurring at least once in a single year 
is 39%.  The likelihood of a Q2 event occurring at least once during 
the 6 year construction period is 95%21.  The likelihood of multiple 
Q2 events occurring close together (i.e. within one to two months) 
has not been calculated.  However, Q2 events occur on average, 
one every two years.  Therefore, it is likely the probability of 
repeated Q2s occurring within one year within the 6 year 
construction period is very low.   

53 I consider that the cumulative effects of smaller, more frequent 
events (such as the Q2) depositing sediment on the same area of 
benthic habitat to be negligible given the likelihood of repeated 
identical events within a short time frame and the likelihood of 

                                            
20  Paragraph 13 c. and 61 of evidence in chief of Ms Kettles. 
21  Table 15.35, page 114, Technical Report 15 
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repeated events having identical characteristics thereby affecting 
the same exact area of benthic habitat.  

54 It is worth remembering that the modelling undertaken and my 
assessment is based on the maximum earthworks scenario, i.e. the 
peak of construction activity within a particular catchment.  The 
scale of activity across the Project will not be uniform and can be 
expected to increase and then decrease from the peak activity.  This 
provides context for my assessment and during off peak 
construction times (for the majority (~75%) of the construction 
period) the effects will be less than what I have assessed. 

Mitigation  
55 Ms Kettles states in paragraph 106 of her evidence in chief that 

there is no mitigation offered to compensate for the potential effects 
of sedimentation of the Pauatahanui Inlet.  I assume Ms Kettles is 
referring to the long-term accumulation of sediment within the Inlet, 
rather than acute rainfall events.  No mitigation is proposed for the 
additional long-term accumulation of sediment within Porirua 
Harbour because it has not been identified as a significant adverse 
effect in the ecological impact assessment22.  The contribution of the 
Project to the accumulation of sediment within the harbour is 
minimal compared to the baseline situation and has negligible 
additive adverse effects.   

56 As stated in Technical Report 1123, the focus throughout the Project 
development and assessment stages has been on the avoidance and 
minimisation of sediment entering the marine environment, rather 
than mitigation.  Avoidance and minimisation is proposed through 
the erosion and sediment control measures, the revegetation of 
riparian margins, retirement of land, controls on maximum areas of 
open earthworks, and procedures for stabilising earthworks sites 
particularly when a large rainfall is predicted.   

57 However, compensation, in the form of offset mitigation, is proposed 
if significant short-term adverse effects arising from the discharge of 
sediment during rainfall events are detected24.  As stated in my 
evidence in chief, this is because once sediment is deposited in 
marine environments; measures to remove the sediment typically 
create more disturbance than benefit.  The type and quantum of the 
offset mitigation is to be agreed between NZTA, relevant regulatory 
authorities and community groups, if significant adverse are shown 

                                            
22  See Table 11.64, Technical Report 11. 
23  See Section 10.1, page 122, Technical Report 11. 
24  A revision to condition M.7 will be required to provide for this off-set mitigation 

as it may not be possible, in acute events, to ‘implement appropriate contingency 
plans and/or remedial measures’ as the condition currently provides.  Rather 
there may need to be off-set mitigation to compensate for the sediment 
deposition.  I understand that Ms Rickard is working on revisions to the 
conditions and this will be addressed. 
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to have occurred.  The offset mitigation should be commensurate 
with the degree of adverse effect actually detected25.  Given that 
adverse effects are only potential at this stage, it is not reasonable 
to specify the offset mitigation required.  Such compensation could 
align with the actions and goals contained within Porirua Harbour 
and Catchment Strategy and Action Plan.   

NZCPS 
58 Ms Kettles in her evidence in chief raises concern with my discussion 

on the relevant policies within the NZCPS.26  Ms Rickard has 
responded to Ms Kettles concerns in her rebuttal evidence in 
paragraph 58.12. 

Correction of a typographic error in my evidence in chief. 
59 Paragraph 100 in my evidence in chief refers to a confidence interval 

around the 12% probability of the 10 year event occurring in the 
Duck/Pauatahanui catchments during peak construction.  The 
confidence interval is quoted as 4% to 13%, which is incorrect.  The 
correct confidence interval is 4% to 23%.27 

 

 

______________________________ 

Dr Sharon Betty De Luca 
27 January 2012 

                                            
25  See paragraph 123 of my evidence in chief, and paragraph 20 of the Expert 

Conferencing Joint Report to the Board of Inquiry – Marine Ecology. 
26  See paragraphs 76-95 of Ms Kettles evidence in chief. 
27  Appendix 11.M to Technical Report 11. 
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APPENDIX A:  BIRD AND FISH HABITAT USE AND DIET 
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APPENDIX C:  Q50 EVENT FIGURES 



O
N

E
P

O
T

O
 A

R
M

1

-1

-1
.5

-1

-1
.5

-1
.5

-1

-2

-2
.5

-2
.5

-2
.5

-2
-1

.5
-1

-0
.5

-0

-0-0
.5

-1

-1
.5-2

PO
R

O
1

O
2

O
3

O
4

O
5

O
6

January 2012     W09034A_MAR_50_Year_SedimentDeposition_Invert_KenepuruA3mb.mxd     © Boffa Miskell Ltd 2011

T
R

A
N

S
M

IS
S

IO
N

 G
U

L
L

Y
 -

I
N

V
E

R
T

E
B

R
A

T
E

 
A

B
U

N
D

A
N

C
E

 
A

N
D

 
T

H
R

E
S

H
O

L
D

 
S

E
D

I
M

E
N

T
 

D
E

P
O

S
I

T
I

O
N

13
5

0
 y

r
 e

v
e

n
t

 i
n

 K
e

n
e

p
u

r
u

/
P

o
r

ir
u

a
, 

s
o

u
t

h
e

r
ly

 w
in

d
, 

3
 d

a
y

s
 p

o
s

t
 p

e
a

k
 o

f
 s

t
o

r
m

1:
8,

50
0

@
 A

4
0

0.
5

1
km

To
ta

l A
ve

ra
g

e
A

b
un

d
a

nc
e 

of
 T

a
xa

30
0

15
0

10
0

50
20

10
5

1

Ty
p

ic
a

lly
 le

ss
se

ns
iti

ve
 ta

xa

Bi
va

lv
a

G
a

st
ro

p
od

a

O
lig

oc
ha

et
a

Po
ly

ch
a

et
a

O
th

er

A
m

p
hi

p
od

a

Ty
p

ic
a

lly
 m

or
e

se
ns

iti
ve

 ta
xa

Lo
ss

 o
f s

ed
im

en
t

> 
5m

m
 - 

< 
10

m
m

 se
d

im
en

t d
ep

os
iti

on
> 

10
m

m
 se

d
im

en
t d

ep
os

iti
on

In
ve

rte
b

ra
te

 sa
m

p
lin

g 
sit

e
H

a
rb

ou
r B

a
th

ym
et

ry

M
ea

n 
Lo

w
 W

a
te

r S
p

rin
gs

 (M
LW

S)
M

ea
n 

H
ig

h 
W

a
te

r S
p

rin
gs

 (M
H

W
S)



P
A

U
A

T
A

H
A

N
U

I
 

I
N

L
E

T

58
0

-0
.5

-1
-1

.5
-2

-2
.5

-2-1
.5

-1

-0
.5

-0
.5

-0
.5

-0
.5

-0
.5

-0
.5

-1

-1
.5

-1

-0
.5

0

0

-0
.5

-1

-1
.5

-2

KA
K

HO
R

RA
T

PA
U

DU
C

P1 P2

P3
P4

P5

P6
P7

P8

P9

P1
0

P1
1P1
2

P1
3

P1
4

P1
5

P1
6

T
R

A
N

S
M

IS
S

IO
N

 G
U

L
L

Y
 -

I
N

V
E

R
T

E
B

R
A

T
E

 
A

B
U

N
D

A
N

C
E

 
A

N
D

 
T

H
R

E
S

H
O

L
D

 
S

E
D

I
M

E
N

T
 

D
E

P
O

S
I

T
I

O
N

14
5

0
 y

r
 e

v
e

n
t

 i
n

 D
u

c
k

/
P

a
u

a
t

a
h

a
n

u
i,

 n
o

r
t

h
e

r
ly

 w
in

d
, 

3
 d

a
y

s
 p

o
s

t
 p

e
a

k
 o

f
 s

t
o

r
m

1:
9,

00
0

@
 A

4
0

0.
5

1
km

January 2012     W09034A_MAR_50_Year_SedimentDeposition_Invert_DuckA3mb.mxd     © Boffa Miskell Ltd 2011

To
ta

l A
ve

ra
g

e
A

b
un

d
a

nc
e 

of
 T

a
xa

30
0

15
0

10
0

50
20

10
5

1

Ty
p

ic
a

lly
 le

ss
se

ns
iti

ve
 ta

xa

Bi
va

lv
a

G
a

st
ro

p
od

a

O
lig

oc
ha

et
a

Po
ly

ch
a

et
a

O
th

er

A
m

p
hi

p
od

a

Ty
p

ic
a

lly
 m

or
e

se
ns

iti
ve

 ta
xa

In
ve

rte
b

ra
te

 sa
m

p
lin

g 
sit

e
H

a
rb

ou
r B

a
th

ym
et

ry

Lo
ss

 o
f s

ed
im

en
t

> 
5m

m
 - 

< 
10

m
m

 se
d

im
en

t d
ep

os
iti

on
> 

10
m

m
 se

d
im

en
t d

ep
os

iti
on

M
ea

n 
H

ig
h 

W
a

te
r S

p
rin

gs
 (M

H
W

S)
M

ea
n 

Lo
w

 W
a

te
r S

p
rin

gs
 (M

LW
S)



  19 

042407977/1456104.8 

APPENDIX D:  FIGURES SHOWING DEPOSITION OF SEDIMENT 
ABOVE THRESHOLD DEPTH DURING Q10 EVENTS IN RATION, 
PAUATAHANUI AND DUCK CATCHMENTS (FIGURES 23-30). 
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APPENDIX E:  FIGURE 31 - SHOWING DEPOSITION OF SEDIMENT 
ABOVE THRESHOLD DEPTH DURING A Q10 EVENT IN KENEPURU 
AND PORIRUA CATCHMENTS WITH REVISED SEDIMENT YIELD 
DURING CONSTRUCTION 
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APPENDIX F:  COCKLE ABUNDANCE FIGURE 
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