
    

 

 

 

Jennifer Lancashire 

Nelson City Council 

PO Box 645 

Nelson 7040 

 

November 1, 2017 

 

Dear Ms Lancashire 

Review of information provided to Nelson City Council in support of the application for 

resource consents for accidental and overflow discharges of untreated sewerage to the 

Waimea Estuary 

I have prepared this report in response to your request to review information presented in 

support of Resource Consent Applications RM165114, RM165115 and RM165116 – Accidental 

and overflow discharges (Nelson Regional Sewerage Business Unit, NRSBU). My understanding is 

that these applications request consent for accidental and overflow discharges of untreated 

sewage (and other wastewater components) at 4 pump stations (Wakatu, Saxton, Songer and 

Airport) that discharge to the Waimea Estuary, Nelson. The focus of my review is on the 

potential effects of such discharges on the benthic ecology, water and sediment quality of the 

estuary. 

Approach to review 

I undertook a review of a range of documents associated with the application, including further 

information requests (Appendix 1). Following my initial review, further work was undertaken by 

the applicant. Of particular relevance to my assessment were the numerical model simulations 

undertaken to characterise likely overflow discharge dilution and characteristics (MetOcean, 

2017). In addition, further analysis regarding the environmental effects was undertaken to, 

amongst other things, integrate more recent literature (since the original AEE), refine and report 

on the methodology for determining level and extent of effects, and re-characterise mixing 

zones based on model-derived dilution series of contaminant concentrations to define 

boundaries based on guidelines for protection of aquatic organisms (Johnson, 2017). I attended 

an expert conferencing meeting on 13 October 2017 in Nelson. Amongst the outcomes of this 



 

  

 

conferencing was an agreement by the applicant to undertake further characterisation of mixing 

zone boundaries for each overflow location based on: 

• median and maximum BOD5 concentrations recorded from wastewater contributors, 

and 

• maximum copper concentration (to augment those previously derived using median 

concentrations). 

A revised version of Johnson (2017) was prepared, incorporating the above analyses, as well as 

other changes agreed to at the conferencing. While my review considers earlier versions of this 

report and other information as described earlier, I have focused on the information provided 

and conclusions drawn by the applicant in this latest report version. 

Review outcomes 

During the course of my review, I raised a number of questions regarding the information 

available on the assessment of effects. I have used these questions to guide my assessment as to 

whether or not the assessment of effects undertaken by the applicant is adequate. 

1. Has the receiving environment been adequately characterised? 

An assessment of potential effects requires knowledge of the current state of the 

receiving environment. The initial AEE provided limited data to characterise the receiving 

environment, in terms of water and sediment quality or macrobenthos communities at 

each site. Following a request for further information, one-off water and sediment 

quality data were collected in September 2017 and were analysed for a range of 

contaminants. 

There has been no macrobenthos surveying of any of the discharge points. Data from 

studies carried out elsewhere in the Waimea Estuary were used to derive a list of taxa 

potentially present within the immediate receiving environment of the discharge 

locations. 

A summary of recent monitoring information from elsewhere within the estuary has also 

been included and provides a useful context for assessing the potential contribution of 

accidental and overflow discharges to the wider estuary, although it is of limited value in 

specifically characterising the discharge or effects associated with the discharge. 

Conclusion: While limited in extent, I consider the collected and collated data a useful 

basis for characterisation of the current status of the receiving environment. This could 

be augmented by focused baseline monitoring (i.e. prior to any discharge event). 

 



 

  

 

2. Has the sensitivity of species in the receiving environment to stressors been adequately 

considered in the assessment of effects? 

The sensitivity of species can be defined in a number of ways, including whether a 

species is recognised as having conservation status, whether the habitats within which 

species occur (regardless of conservation status) are of significant value and whether the 

species themselves are sensitive to particular types of contaminants. 

The assessment of effects takes into account the threatened status of a range of 

observed and potentially occurring macrobenthic taxa (Appendix 3). On this basis, 

sponge gardens (moderate value), Sabelliid tube worms (moderate value) and marine 

macrofaunal in general (low value) are assessed as likely or possibly at risk at one or 

more overflow locations. 

In addition, it includes an assessment of the values of a range of habitats and the 

potential risk of adverse effects within the zone of impact. Based on this assessment, 

very high-value mudflats are considered likely to be at risk of impacts at all outflow 

locations. In contrast, high-value seagrass beds would be considered outside the zone of 

impact at all sites. 

Limited consideration is given to the sensitivity of individual species to contaminants 

most likely to produce acute effects specifically associated with wastewater discharge 

(i.e. elevated BOD and the resultant reduction in dissolved oxygen concentrations and 

associated effects). The use of ANZECC and other guidelines to assess potential acute 

and chronic toxicity provides a measure of such sensitivities, as such guidelines are 

generally based on the most sensitive species tested. However, some species show 

sensitivities at concentrations below such guidelines. 

Conclusion: The use of multiple approaches to the assessment of sensitivity of species is 

helpful. However, the absence of site-specific macrofaunal data, and an assessment of 

the sensitivity of these communities to potential overflow discharges, is a significant gap. 

This could be determined by undertaking whole effluent toxicity testing of the end-of-

pipe discharge on selected species to provide more relevant data. An additional benefit of 

whole effluent testing is that it allows a more real-world assessment of the potential 

effects, compared with the application of, for example, ANZECC guidelines, which are 

based on the toxicity of individual contaminants. 

3. Has the potential for effects along high-tide areas (potentially most vulnerable during 

low-tide) been adequately addressed? 

The modelling undertaken by MetOcean provides much greater certainty as to the likely 

dispersion and aeral extent of the discharge plume under different tide and wind 

scenarios at each site. Recently collected sediment and water quality data provide an 

indication of current environmental state in the immediate vicinity of the discharge 

points but, in my opinion, cannot be considered as indicative of a lack of effects from 



 

  

 

overflows, as there are no comparative data. In addition, it is likely that at least some of 

the measured parameters e.g. copper sediment concentrations will reflect contributions 

from nearby stormwater discharge points (and this is stated in the report). The best 

indication of the likely effects in high-tide zones is provided by the estimates of distance 

required to achieve dilution of contaminant concentrations to guideline levels (see 

section 4 below). There is considerable variability between the sites in the distances 

required to reach guideline values, but at all sites significant effects are predicted within 

the first 50-100m beyond the discharge point under the worst case scenario (Table 7, 

Johnston, 2017). The recovery from such events will depend on the duration of the 

overflow, the state of the tide, the contaminant concentration and effect duration (acute 

versus chronic), and the sensitivity of the aquatic communities in the exposure pathway. 

High ammonia levels may also be an issue at Saxton (Johnston, 2014) although no data 

appears to be available to corroborate this concern (O. Johnston, October 2017). 

Conclusion: As the sensitivity of resident taxa has not been determined for at least some 

of the potential contaminants, it is my opinion that the potential effects in the high tide 

areas have not been adequately addressed. 

4. Is the method for determining dilution rates and mixing zones adequate for determining 

the extent of effects within the estuary? Has the most relevant stressor been employed 

to determine the extent of mixing zones required to meet guideline values? 

In the original AEE, the entire volume of the estuary was used to calculate dilution rates, 

and a temporal rather than spatial mixing zone was proposed. It was acknowledged by 

the report author that this was a coarse assessment. Since then, modelling has been 

undertaken to better characterise the potential discharge plume and the dilutions that 

could occur under different wind and tide scenarios (MetOcean, 2017). This in turn 

enabled the calculation of spatial mixing zones, with boundaries being defined by 

calculating dilutions required to meet specified ecological guidelines for each site 

(Johnston, 2017). Specifically, dilutions required to meet ANZECC guidelines for the 

protection of 95% and 80% of aquatic biota were calculated for median and maximum 

dissolved copper concentrations measured in the combined wastewater contributions 

for each site (based on 1994-2014 data). Copper was selected as it exceeded the level of 

protection on 95% of occasions during this period and was therefore considered to be 

the contaminant representing the greatest risk in terms of chronic (i.e. long term) 

toxicity. Median and maximum copper concentrations would need to be diluted 1:48 

and 1: 1692, respectively in order to protect 95% of species. For a lesser level of 

protection (80% of species), median and maximum copper concentrations would need to 

be diluted by 1:8 and 1:275, respectively. The distance from source to meet these 

dilutions varies, depending on the discharge point, ranging from 180m at Wakatu to 

2000m at Saxton for 95% level of protection based on median concentration, with 

reduced distance for a lower level of protection (Table 14, Johnston, 2017). Much 

greater distances would be required to meet guidelines based on maximum 

concentrations (900 – 3000m). The area of effect also varies, with a worst case scenario 



 

  

 

at Saxton based on exposure to maximum copper concentrations potentially affecting 

0.66km2 of estuary (Table 14, Johnston, 2017). What this means is that between the 

discharge point and the point where dilution is complete, lower levels of protection (i.e. 

greater chance of effects) are likely. Recent research indicates that a copper 

concentration of 0.0054 mg/L can produce skeletal abnormalities in larval New Zealand 

sea urchins over a short exposure period (within 72 hours) (Evichinus chloroticus) 

(Rouchon and Phillips, 2016). This concentration is between the 80% and 90% ANZECC 

guideline for protection of aquatic species. This is also an order of magnitude below 

median copper concentrations recorded in the effluent. However, given that this is a 

measure of long term toxicity, the persistence of these concentrations of copper in the 

water column are likely to be minimal, assuming rapid cessation of discharge once 

detected and aeral dispersal over multiple tidal cycles. Therefore, I believe that the 

potential risk of chronic effects of the discharge using copper concentrations as a 

surrogate, are likely to be very low. 

After conferencing it was agreed that BOD5 is a significant acute stressor in wastewater, 

and dilutions required to meet guidelines based on median and maximum BOD5 values 

were also subsequently derived. Based on these calculations various mixing zone 

boundaries (as lineal distance from source to no effects dilution) were derived. The 

calculations indicate that under maximum values (which is based on the highest 

recorded BOD5 concentration), dilution required to meet BOD5 guidelines are potentially 

substantial (1:8676). In comparison, a 1:85 dilution would be required to reduce median 

BOD values to meet the guideline. The distance from source to meet these dilutions 

varies, depending on the discharge point, ranging from 240m at Wakatu to 2000m at 

Saxton for 95% level of protection based on median concentration (Table 14, Johnston, 

2017). Much greater distances would be required to meet guidelines based on maximum 

BOD values (1200 at the Airport site – 3500m at Saxton). The area of effect also varies, 

with a worst case scenario at Saxton based on exposure to maximum BOD 

concentrations potentially affecting 2.34km2 of estuary (Table 14, Johnston, 2017). 

Therefore, substantial effects may result from such exposure. 

Conclusion: It is my opinion that the current method employed to determine dilution 

rates and mixing zones is adequate for the purpose of determining the extent of effects 

within the estuary. I also agree that the contaminants used to define the mixing zone 

boundaries are appropriate for capturing the acute and chronic toxicity effects of the 

discharge.  

The dilution required for maximum copper to reach concentrations not likely to cause 

adverse effects is substantial and even median copper concentrations will result in 

exposure of aquatic organisms for some distance from the discharge point. However, I do 

not believe that any long term effects from copper will result from the occasional 

overflow.  In contrast, acute effects from elevated BOD concentrations may be spatially 

extensive, depending on wind and tide conditions. 



 

  

 

 

5. Is the method of determining the extent of environmental effects transparent and 

evidence-based? Do the conclusions drawn accurately reflect the evidence presented? 

Two risk-based methods have been employed to assess the extent and magnitude of 

potential environmental effects, namely that of EIANZ (2015) and of Burgman (2005). 

The EIANZ (2015) method assigns values based on the conservation status of taxa and 

habitats and then determines the magnitude of effect based on the predicted shift in 

these values as a consequence of exposure to the discharge. The level of risk of an 

adverse effect is then simply determined by assessing the predicted magnitude against 

the ecological value. This method therefore does not consider potential effects on 

sensitive species beyond those included under a conservation status. The Burgman 

(2005) method employs a somewhat different approach, assessing the likelihood of an 

effect against the consequence of that effect happening. Likelihood is then multiplied by 

consequence to determine the overall level of risk. Both methods rely on qualitative 

interpretation of effects data (and any other information used to assess effects) i.e. 

using expert opinion, to assign an overall effect to a category. They are therefore 

somewhat subjective, but are nevertheless established methods and provide a useful 

mechanism for assessing the potential risk of adverse effects. 

The risk assessment considered potential effects across all 4 discharge points, to 

produce an overall category of risk. The EIANZ method assigned a ‘moderate’ level of risk 

based on there being very high ecological values, but only a low/minor magnitude of 

effect, equating to a “minor shift from existing baseline conditions”. The Burgman 

method assigned a “low risk” (total score = 12), based on the occurrence of an overflow 

being “possible” (uncommon but possible=3) and the consequences of such an overflow 

being “moderate” (local medium adverse impacts = 4). Combining the two methods, the 

author concludes that “while there is ‘moderate’ risk to some high valued taxa and 

habitats, the overall risk (likelihood) of an effect occurring is ‘low”. 

The Burgman method firstly considers the spatial scale/extent of effects, and the 

persistence/duration of the effect (Table 7 and Appendix 7, Johnston, 2017). I note that 

despite the maximum spatial scale of possible effects being much greater at the Saxton 

site, the same level of effect on water quality is predicted across all sites (Appendix 7, 

Johnston 2017). Indeed, all sites are assigned the same scores for “likelihood” and 

“consequence” for all measures of potential effects (as defined in Appendix 7), despite 

differences in distances required to meet guidelines for each site and differences in the 

area of estuary affected. It is not evident how the “Maximum spatial scale” in Appendix 

7 relates to the predicted plume lengths (Table 14) and subsequent assessment of 

effects in terms of persistence, consequences and likelihood of effects (Appendix 7). The 

author states that “the worst-case spatial scale of effects is considered to be potentially 

large (1-2 km) and the persistence/duration, to be moderate (within months)”. Yet it is 

evident from Table 7 that much greater distances than 1 - 2km would be required in 



 

  

 

order to meet guidelines under worst case scenarios (dilution of maximum copper 

concentrations would require a mixing zone of 3km and BOD of 3.5km) (so the spatial 

scale would be considered “extensive”). I would also argue that an effect that could be 

detected over an area of 2.34km2 (as is predicted under the worst case scenario with 

maximum BOD) is a “regional” rather than “local medium adverse effect” (consequence 

category of major = 3). On the basis of the above the resulting overall score using the 

Burgman method would be 9, which would place the risk of effects in the medium risk 

category  (“Acceptable using measures to avoid remedy of mitigate”, Table 10, Johnston, 

2017). It is my opinion that this is a more appropriate reflection of the potential effects 

of a discharge under a worse case scenario.  

I disagree with the assessment (p22, Johnston, 2017) that the date used is of medium to 

high certainty, as I consider the definitions used to define the level of confidence in data 

are very coarse, as they do not account for the quality and relevance of the data used in 

the assessment. 

Conclusion: The methods employed to determine risk interpret the evidence presented in 

the report and as such are influenced by the quality and relevance of these data. There 

are inconsistencies between the data derived from the modelling and the categories used 

to assess risk. It is not clear how some categories used in the risk assessment have been 

derived. The interpretation of the relative degree of effect is subjective. As a consequence 

I believe that a conservative approach should be taken to how effects are determined. 

6. How do the relative potential effects of the different discharge points compare? 

It is evident that the Saxton discharge presents a much greater risk than any of the other 

discharges. This is indicated by the much greater dilutions required to meet guidelines 

and the greater area of potential effects under median and maximum contaminant 

concentrations/values (both copper and BOD). Area of effect is predicted to be an order 

of magnitude higher at Saxton compared to other discharge points. Saxton is also the 

pump station that has the greatest number of overflows and greatest volume of 

overflows since the upgrade in 2013.  

Conclusion: Given the higher risk at Saxton it would be prudent to calculate the overall 

risk for each discharge point separately, rather than to produce an overall risk based on a 

combined risk. 

Specific comments on Johnston (2017) report 

P27 Table 14 – it is not clear why the area of effect calculated for Saxton under the 80% 

protection scenario for median copper concentrations is much lower than for Airport or 

Songer. It appears inconsistent with other results in this table, which show a much great 

area of effect for Saxton under all other scenarios. 



 

  

 

P28 Assimilative Capacity - In my opinion there are insufficient data available to state 

that “it is reasonable to assume that the associated ecological assimilative capacities of 

the receiving environment have not been adversely effected” (by the discharge). There 

are no data of ecological relevance available from post-discharge monitoring and there 

has been no discharge-specific ecological assessment (toxicity or otherwise) to ascertain 

the potential effects of the discharge. The dilutions required to meet guidelines, under 

median or maximum contaminant concentrations, indicate some long term effects may 

be possible, but these effects have not been quantified and their effect on the 

assimilative capacity of the estuary can not therefore be assessment. Stevens & 

Robertson (2017) suggest that the Waimea estuary shows a high level of ecological 

vulnerability. In my opinion this indicates an ecosystem which also has reduced 

assimilative capacity. Whether or not the previous overflow events have contributed to 

this reduced capacity can not be determined on the available data. 

P34, Section 4, paragraph 4 – states that the overall risk is “very low”. This is inconsistent 

with the overall assessment presented on p22, which assesses the risk as “low”.  

P35 Conclusions – conclusion a) is based on median and not maximum contaminant 

values; conclusion g) assumes that the monitoring data reflects effects of previous 

overflows, which may include chronic and acute effects. The monitoring data would not 

capture acute effects of, for example, elevated BOD. It is my opinion that the monitoring 

data reflects current status only. Conclusion h) suggests most taxa are hardy and 

adaptable. However, the sensitivity of only a limited range of macrofaunal taxa have 

been considered and the sensitivity of macrofauna to copper and BOD (the 

contaminants in the discharge most likely to cause negative effects) has not been 

considered. Therefore, it is difficult to see how such a broad conclusion can be drawn 

from the data presented. 

Overall conclusions 

Considerable effort has been put into extracting as much information from the data available to 

assess the potential effects of accidental and overflow discharges from the 4 discharge points to 

the Waimea Estuary. In addition, given the rarity of occurrence of these events, predicting the 

nature and extent of risk of such events is challenging. Notwithstanding this, it is my opinion that 

further information is required to provide greater certainty as to potential effects. This could 

take the form of whole effluent testing on selected relevant macrofaunal species using end-of-

pipe discharge (i.e. discharge from combined contributors) on a number of occasions to quantify 

the sensitivity of the receiving environment. 

Qualifications and relevant experience 

I hold a Doctor of Philosophy in Environmental Science gained from Griffith University in 

Brisbane, Australia which I received in 1994. I also hold a Master of Science with First Class 

Honours (Zoology) and a Bachelor of Science (Zoology), both gained from the University of 

Auckland. 



 

  

 

I am currently a Director of Streamlined Environmental Ltd, a company specialising in aquatic 

science consulting. My specialist roles within the company are as aquatic ecologist and 

ecotoxicologist. 

I am an independent RMA Commissioner and have applied my environmental science knowledge 

to a number of consent applications in the Waikato region. I am an appointed member of a 

Special Tribunal to consider an application for a Water Conservation Order for the 

Ngaruroro/Clive Rivers in the Hawkes Bay region, providing specialist expertise in water quality 

and freshwater ecology ecology. I am also an appointed member of the HSNO (Hazardous 

Substances and New Organisms) Committee. In this role I participate/chair Decision Making 

Committees, whose function is to determine applications for potentially hazardous substances 

and organisms new to New Zealand. 

I have worked in the field of environmental science, focusing on freshwater and marine 

ecosystems, for more than 25 years and have experience in government, academia and the 

private sector. Prior to my current role I was employed at NIWA in Hamilton as Group Manager 

of Freshwater Biology and in its Australian subsidiary, NIWA Australia as Principal Scientist, 

Aquatic Ecology for a period of 10 years. I have also held senior roles in Australian and New 

Zealand government agencies and environmental consultancies, providing specialist expertise in 

aquatic ecology and ecotoxicology. 

I have worked on a wide range of environmental science issues as a researcher and consultant, 

including effects of land use on aquatic ecology (freshwater and marine), water quality, 

environmental/human health links (ecohealth), customary fisheries (iwi), and response to 

contaminants by aquatic organisms (ecotoxicology). I am an experienced researcher, research 

manager, project manager, consultant and environmental educator. I am the author of 29 peer-

reviewed publications, 51 conference proceedings, 53 public or media presentations and more 

than 100 consultancy reports on the above issues. 

Yours sincerely 

 

Dr Ngaire Phillips 

Director/Aquatic Ecology and Ecotoxicology 

 

Appendix 1 Resource consent application and associated documents reviewed 
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