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EXECUTIVE SUMMARY 

1 My name is Peter Cochrane and I am a specialist in stormwater 

management.  My evidence discusses the stormwater from the prison 

site, its quality, and effects of the discharge of stormwater on water 

quality in Lake Wiritoa.  My conclusions are informed by tests of 

stormwater from the site, other monitoring data and relevant literature. 

2 The prison’s stormwater that is discharged contains a range of 

contaminants that are expected for a site of this nature, in low 

concentrations.  Stormwater quality has been improved by the 

infrastructure works done at the site.  Further proposed treatment will 

result in storm water of a very high quality. 

3 With the treatment proposed, and with the mitigation measures set out in 

the proposed conditions, the adverse effects of the discharge on water 

quality in Lake Wiritoa will be negligible, and will improve water 

quality to help meet the One Plan Regional Plan targets for deep coastal 

lakes. 

Stormwater and stormwater quality 

4 Stormwater results from rainfall running off a built landscape.  Its 

quality and constituents are determined by the nature of the built 

infrastructure, land-use, overall climate, geography, and topographical 

factors.  From a stormwater management perspective Whanganui Prison 

has much in common with a small town or educational facility in a rural 

location; albeit one where activities in the catchment that may affect 

stormwater quality can be tightly managed. 

5 The stormwater network drains approximately 26 ha of land that 

includes about 10.7 ha of impervious surfaces: roofs and paved areas 

such as roads and the car park.  

6 Not all the contaminants generally of concern in urban stormwater are 

relevant to the prison site. My analysis focusses on fine (suspended) 

sediment, nutrients (nitrogen and phosphorus), metals (copper and zinc), 
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and microbes.  Gross pollutants (e.g. litter), coarse sediment (e.g. from 

building sites and bulk earthworks), and hydrocarbons (e.g. from traffic) 

are of less concern. 

Stormwater at the site 

7 In order to get a good understanding of the quality of the stormwater a 

sampling programme was established. Samples were taken from two 

manholes at the downstream point of the site’s stormwater network in 

December 2019, May 2020 and July 2020.  These samples were 

collected at regular intervals throughout each rainfall event and analysed 

for a range of contaminants. 

8 Volume proportional event mean concentrations were determined for 

Total Suspended Solids, Total Nitrogen, Total Phosphorus, Ammoniacal 

Nitrogen, Dissolved Copper and Dissolved Zinc for each event, and 

each manhole sampled. 

9 Accurately characterising stormwater can be difficult as many variables 

impact on it such as the volume and intensity of rainfall, the gap 

between rainfall events, and the nature of the stormwater network itself.  

These factors were taken into account in the sampling and analysis 

programme and I am confident that the resulting data is robust.  

10 In summary, it was found that the stormwater has: 

(a) Very low to moderate concentrations of suspended solids with 

the higher concentrations occurring at the beginning of the 

rainfall event.  The samples taken in May and July 2020 had 

lower concentrations of suspended solids than the samples 

from December 2019. 

(b) Moderate concentrations of zinc, Total Nitrogen, and Total 

Phosphorus. 

(c) Low concentrations of copper and Ammoniacal Nitrogen. 
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11 When compared with national datasets on stormwater quality, the 

concentration of contaminants are much lower than those in stormwater 

from comparable environments across New Zealand. 

12 That said, I also note that the sampling programme showed times when 

the levels of zinc, copper, nitrogen, and phosphorus in untreated 

stormwater exceeded the levels set by the One Plan for Lake Wiritoa as 

the receiving environment.  However, this does not mean that these 

exceedances will occur in the future, or be of concern if they do. 

Potential for negative impacts on the water quality 

13 The potential for the stormwater from the prison to have a negative 

impact on water quality in Lake Wiritoa is very low and is further 

reduced once mixing and dilution is accounted for in the area 

downstream of the discharge point and the lake arm.  Using a dilution 

factor of 5 times1 the One Plan targets would be met for all stormwater 

contaminants with the potential exception of Total Phosphorus and 

Dissolved Zinc in the Lake. 

14 A more detailed assessment of mixing and attenuation indicates that for 

an average discharge event, treated stormwater would meet the One Plan 

Targets for Dissolved Zinc, Dissolved Copper, Ammoniacal Nitrogen 

and E coli prior to the Wiritoa Lake arm.  This indicates that the 

adoption of a dilution factor of five times is a reasonable conservative 

factor to use. 

15 However, when water quality upstream and downstream of the 

discharge point is accounted for, the high concentrations of Total 

Phosphorus and Total Nitrogen already present in surface water, makes 

it impossible for the discharge of treated stormwater to comply with the 

One Plan targets for these contaminants, as there is no capacity available 

for mixing and dilution. 

 

1 As agreed between Horizons Regional Council and the Department. 
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16 It is important to note that: 

(a) the concentration of Total Nitrogen in the discharge is 

significantly lower (2.75 times) than in water upstream (in 

Lake Pauri) and downstream (in Lake Wiritoa) of the 

discharge.  This means that the effect of the discharge is to 

dilute current concentrations of nitrogen in Lake Wiritoa. 

(b) the increase in Total Phosphorus concentration from the 

discharge of treated stormwater is marginal (2%), and the 

effect of the discharge on the concentration of Total 

Phosphorus in Lake Wiritoa would be undiscernible at start of 

Lake Arm 1. 

17 A range of measures to improve surface water quality have been 

considered by the Department and are outlined in Dr Hamill’s evidence.  

The adoption of measures to remove phosphorus and nitrogen loads 

from Lake Wiritoa or decrease its concentration would help improve 

water quality in the Lake (recognising that the stormwater discharge is a 

very minor contributor to water quality conditions currently experienced 

in Lake Wiritoa). 

Other matters 

18 For completeness, I have examined ways that contaminants may be 

entering Lake Wiritoa from sources other than the prison’s stormwater.  

Data is patchy, however from what is available I conclude that 

groundwater, surface water and internal cycling of nutrients in the lake 

contribute greater contaminant loads to Lake Wiritoa than the prison’s 

stormwater.  For example: 

(a) The prison’s treated stormwater represents less than 6-14% of 

the annual inflow to Lake Wiritoa. 

(b) Total Nitrogen from the prison’s treated stormwater is less 

than 4% of the annual Total Nitrogen load to Lake Wiritoa 
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(c) the Total Phosphorus is less than 3% of the annual load to the 

lake. 

19 I have also estimated the reductions in contaminants in the prison’s 

stormwater from infrastructure improvements made at the prison.  I 

estimate that between 27 and 120kg of nitrogen and 5 kg of total 

phosphorus will no longer be discharged by the prison stormwater 

network each year because of the works at the prison to exclude 

groundwater from its stormwater network. Data for Dissolved Zinc is 

less clear, but the roof painting and replacement works may have 

reduced the zinc load by up to 50 percent.  

20 It is worth commenting on the potential small exceedance of zinc at 

times.  Although it is possible that the discharge of treated stormwater 

may not be able to meet the One Plan Target for zinc for some 

stormwater discharge events, the magnitude of this exceedance is small, 

will be significantly diluted, and is unlikely to result in an adverse 

effect. This is because of the way the targets are set (at a level that 

protects species from all but minor impacts and assumes a relatively 

long-term exposure of these species zinc) and because stormwater 

discharges are intermittent.  

21 Low concentrations of E. coli were found in the stormwater through the 

sampling programme. Now that pipe repair has been done at the prison, 

and some identified contaminant sources have been or are being 

remedied, indications are that the source(s) of E coli are from catchment 

runoff. For completeness I note that the concentration of E. coli is low 

and following its discharge would meet the parameters of the One Plan 

at the Lake margin. 

22 The quality of the sediment has also been examined and there is 

evidence of some accumulation of zinc in sediment at the discharge 

point. It is likely that this has accumulated before the infrastructure 

improvement works at the prison and I note that it would be possible to 

remove this sediment.  In the future this accumulation should not occur 

to the same extent due to the works at the prison, the implementation of 

the Stormwater Management Plan and the proposed treatment of the 
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stormwater.  Ongoing monitoring of sediment would be an appropriate 

tool to assess the quality of the stormwater discharged over time. 
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INTRODUCTION 

Professional background 

23 My full name is Peter Robert Cochrane.  I hold a Bachelors in Earth 

Sciences degree and a Masters in Earth Sciences degree (first class 

Honours) from the University of Waikato.  I have over 30 years’ 

experience in resource management science in central and local 

government, and in private practice. I have been with Tonkin + Taylor 

since 1996 where I am currently a Principal.  I am also a Project 

Director and Water Engineering Manager.  

24 I have extensive expertise in stormwater management and water quality; 

including: 

(a) Leading Hamilton City Council’s (HCC) comprehensive city-

wide stormwater discharge consent application.  I developed a 

programme of investigations to characterise stormwater 

(quality and quantity) across the City and assess the effects of 

stormwater discharges into surface water bodies including 

four local lakes, and the Waikato River and its tributaries.  I 

assessed stormwater quality against relevant standards, 

toxicity testing results and biological assessments of the 

Waikato River at major discharge points, completed sediment 

quality testing and calculated city wide stormwater loads to 

the River.  This work was reflected in a comprehensive 

assessment of effects, a stormwater management plan, and a 

monitoring plan.  Following the granting of consents, I now 

provide ongoing support including updating HCC’s 

stormwater management plan, and revising the monitoring 

programme to meet consent obligations and to inform water 

quality assessments under the National Policy Statement for 

Freshwater Management (NPS-FM) and the Healthy Rivers 

Regional Plan Change. 

(b) Preparing stormwater management and monitoring plans for 

the Waikato and Waipa District Councils in support of 
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applications for comprehensive stormwater discharge 

consents for each district, and to meet their consent 

obligations.  These have been sizeable tasks and I am 

currently the Project Director responsible for overseeing a 

revision to the Waipa District Council’s stormwater 

management plan.  

(c) Stormwater management investigation and design for the 

Ngaruawahia, Cambridge, and Huntly Sections of the 

Waikato Expressway.  As part of this I led the tender-level 

design for the Cambridge Section, and the design and 

observation of construction for the recently-opened Huntly 

Section.  I have also provided expert advice on stormwater 

matters to the Waikato Regional Council and the Hamilton 

City Council in respect of resource consents and notices of 

requirements for the Te Rapa Section of the Waikato 

Expressway. 

(d) Assessing and evaluating water quality in the Whangamarino 

Wetland and Lake Waikare on behalf of the Waikato 

Regional Council.  This included leading an expert working 

group tasked with identifying and assessing interventions to 

reduce the impact of sediment discharges on the 

internationally significant Whangamarino Wetland. 

(e) Evaluating the implications of the 2019 draft NPS-FM (for 

deposited fine sediment and turbidity) for a national grouping 

of hydroelectric generators. 

25 This experience demonstrates my thorough understanding of the 

practical issues facing stormwater network operators, the quality of 

stormwater and its effects on the environment, and the engineering 

considerations in the treatment and management of stormwater. 
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Current application and Code of Conduct for Expert Witnesses 

26 My evidence relates to the application by the Department of Corrections 

(the Department) for a discharge permit to discharge stormwater from 

the Whanganui Prison into a modified channel connecting Lake Pauri to 

Lake Wiritoa in Kaitoke, Whanganui. 

27 My evidence is given in support of the application and covers 

stormwater and its effects on surface water quality and sediment quality.  

28 I am familiar with the guidelines for an expert witness contained in the 

Environment Court’s Practice Note 2014 and have complied with that 

Code in preparing this evidence.  The evidence I am about to give is 

within my area of expertise and represents my best knowledge about this 

matter. 

29 I am relying on Drs Tim Fisher, Vaughan Keesing and Keith Hamill for 

matters relating to stormwater engineering, ecology and lake restoration 

respectively, Mr Tony Reynolds for matters relating to groundwater, and 

Mr Hall for planning matters.  I will refer to their evidence where 

appropriate in my evidence. 

30 I have not omitted to consider material facts known to me that might 

alter or detract from the opinions that I express. 

Scope of this evidence 

31 In my evidence I will discuss: 

(a) How stormwater is generated and how its quality is 

influenced by land uses including those on the Prison site as 

well as within the catchment. 

(b) The quality of stormwater being discharged from the 

Whanganui prison, based on sampling undertaken in 

December 2019, May 2020 and July 2020. 
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(c) The effects of the discharge on water quality in Lake Wiritoa 

including compliance with Horizons Regional Council One 

Plan targets for lake water quality. 

(d) The approach proposed by the Department to manage 

stormwater quality and the potential effects of this approach 

on water quality in the lakes. 

(e) The effects of the discharge of stormwater on sediment 

quality. 

(f) Matters raised by submitters and in the Section 42A report 

where pertinent to my evidence. 

(g) Monitoring and consent conditions. 

STORMWATER 

32 Simply put, stormwater is water generated by rainfall which runs off a 

built landscape. 

33 Built landscapes can include high-density metropolitan areas 

characterised by many impervious surfaces (such as roads, roofs, and 

paving) where nearly all incident rainfall runs off as stormwater, and 

small areas of relatively-pervious land (such as parks) where a smaller 

proportion of incident rainfall runs off as stormwater. 

34 At the other end of the spectrum are built landscapes that include small 

settlements with few houses, very low traffic volumes, and relatively 

large areas of pervious surfaces. 

35 Water can run off other landscapes such as rural or natural landscapes.  

For the purposes of my evidence I refer to this as surface water runoff.  

36 The volume, flow-rate, and quality of stormwater and surface water 

runoff in any landscape is influenced by the extent to which the 
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landscape has been modified, the use of the land, and overall climate, 

geology, and topographical factors in the catchment. 

Built environment and stormwater infrastructure at the site 

37 The Whanganui Prison site is a built environment in a rural setting.  It 

comprises buildings of various sizes inside and outside a secure 

perimeter fence.  The buildings are separated by paved and grassed 

areas. In addition to administration and accommodation, the prison has 

facilities for training and employment that include: 

(a) A horticultural nursery. 

(b) A pre-cast concrete yard. 

(c) A joinery workshop.  

(d) A timber plant 

(e) Kitchen and laundry. 

38 The Prison has a piped stormwater network that collects stormwater 

from roofs and paved areas over most of the site and discharges it to a 

modified channel that connects Lake Pauri to Lake Wiritoa. 

39 Figure 1 shows the extent of the site’s reticulated stormwater network 

and identifies the various facilities and uses made of the site. 
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Figure 1: Whanganui Prison stormwater network and catchments (Source: MWH 

2015) 

40 The reticulated stormwater network drains most (but not all) of the site. 

Areas of land on the site that are not drained by the reticulated network 

include the nursery (no. 22 in Figure 1), the concrete plant site (no. 27), 

and land to the south of the site that is used by the prison for wastewater 

treatment disposal. 

41 The concrete plant building is connected to the stormwater network and 

the Nursery buildings drain to a dedicated soak pit as shown in Figure 1.  

42 The stormwater network also drains an area north east of the site along 

Pauri Domain Road. 

43 Approximately 26.3ha of the site (excluding Pauri Domain Road) is 

drained by the stormwater network and of this, approximately 10.7 ha of 

this is impervious. This includes roofs, the car parks, and roads inside 

and outside the perimeter fence. 
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44 Some areas of the site (Catchment 3 shown in Figure 1 for instance) 

have relatively high proportions of impervious surface whereas others 

(such as Catchment 1) have very low proportions. 

45 As discussed in Dr Fisher’s evidence the reticulated stormwater network 

conveys stormwater runoff up to a 5-year average recurrence interval 

rainfall event (ARI).  This means that in more intense storm rainfall 

events, not all stormwater is able to enter the network and discharge 

from the site.  Some will pond on the site and gradually soak or drain 

away, and some will run off as overland flow. 

46 The network itself is relatively deep and expected to be below the 

groundwater table in some areas (refer to Mr Reynolds’ evidence for 

information about the depth of the groundwater table).  This means that 

there is the potential for groundwater (including any contaminants in it) 

to enter the stormwater network and be discharged from it. 

47 The network drains to two manholes (SWMH1 and SWMH2a) situated 

on Pauri Domain Road and located immediately beyond the northern 

boundary of the prison. The manholes are connected (which provides for 

some flow balancing and mixing) and discharge via two pipes into a 

modified channel connecting Lake Pauri to Lake Wiritoa via an area of 

wetland lake margin. 

48 SWMH1 drains catchment 1 shown in Figure 1. This covers an area of 

almost 10 ha of which 22% of that area is impervious.  

49 SWMH2a drains 16.3 ha of land from catchments 2 to 4 in Figure 1 of 

which 53% is impervious. 
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50 On an average annual basis SWMH1, contributes to approximately 30% 

of the total runoff volume from the site, whereas SWHM2a provides for 

70% of the total volume2. 

51 The site also has a separate wastewater network.  Wastewater is 

collected and piped to a wastewater treatment plant located immediately 

to the south of the prison.  Treated wastewater is discharged to ground 

via rapid infiltration beds. 

Stormwater quality overview 

52 As stated earlier, stormwater results from rainfall running off land, 

buildings, and other relatively impervious surfaces such as roads, car 

parks etc. in a built environment.  The quality of stormwater is 

influenced by these surfaces and by the activities occurring in the 

surrounding environment. 

53 Contaminants in urban stormwater would typically include, 

litter/rubbish, oils and other hydrocarbons, and sediment.  These 

contaminants can be visually apparent in surface water bodies 

downstream of stormwater outlets.  Stormwater can also include fine 

particulate material, dissolved substances, and microbial3 contaminants 

that are less visually apparent but also adversely affect water quality.  

The stormwater contaminants generally of concern in typical urban 

stormwater are: 

(a) gross pollutants such as litter (paper, plastic etc) and coarse 

sediment 

 

2 This is based on MUSIC modelling software to create a time series run off from the site, 
and using rainfall data from Spriggens Park (NIWA Climate Station 3715 - the closest site 
where long term reliable rainfall and climate data are available) for the period 2009-2019. 
3 For the purposes of my evidence I use the term microbial to include a range of 
microscopic organisms such as bacteria, protozoa and viruses, some of which are 
pathogenic. 
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(b) organic compounds such as hydrocarbons, and poly-cyclic 

aromatic hydrocarbons (PAHs), some of which may be 

regarded as persistent organic pollutants 

(c) fine suspended sediment 

(d) nutrients 

(e) metals, particularly zinc and copper 

(f) microbes. 

54 Gross pollutants are normally found around areas of business, retail, or 

industrial activity.  They can have a significant negative impact on 

amenity values in the receiving environment and are a physical (though 

not a toxic) hazard to wildlife. Given the highly restricted and controlled 

nature of the activities at the prison, it is unlikely that large quantities of 

gross pollutants in stormwater would be generated at the site. 

55 Coarse sediment enters surface water bodies where soil has been 

disturbed and becomes entrained in stormwater or in surface water 

runoff.  In urban environments building and construction sites, and areas 

of land development commonly generate coarse sediment in stormwater.  

Apart from the construction of a new water reservoir at the site in 2019, 

there is little such work at the site and none directly adjacent to the lakes 

or their margins, or the channel connecting them.  

56 Hydrocarbons may come from stormwater draining parts of the site 

where fuel is stored and used, or where there is traffic, such as the car 

park. However, given the low traffic volumes at the site, and the fact 

that fuels are stored in double skinned above ground tanks, this is 

unlikely to be a significant contaminant. 

57 PAHs that are found in stormwater are usually deposited on impervious 

surface following the burning of hydrocarbons (most commonly from 

vehicle emissions).  Environmentally significant quantities of PAHs are 

only found in stormwater where there is a lot of vehicle traffic, or high 
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levels of industrial activity.  It is unlikely that this is the case at the 

prison as its traffic volume is low and there is no industrial activity. 

58 Fine sediment can be found in stormwater as a result of, erosion of soil 

from unpaved surfaces, wearing of road surfaces and tyres, and the 

deposition of dust. Sediment can comprise sand, silt and clay sized soil 

particles, organic matter (eg. air borne pollens and other aerosols) and 

other particulates (eg. metal flakes, soot). 

59 Fine sediment can negatively impact on water quality directly by 

lowering its amenity value.  It can also (directly and indirectly) 

adversely impact aquatic organisms; for example, by smothering habitat, 

blocking gills in fish.  Fine sediment can also impact on aquatic 

organisms by containing toxic contaminants that are either present in the 

sediment or become adsorbed from contaminants present in the water 

column. 

60 Nutrients.  All stormwater will contain nitrogen and phosphorus.  Both 

are essential elements but high concentrations in aquatic environments 

can lead to excessive plant growth.  Very high concentrations of 

nitrogen (in the form of nitrate, nitrite or ammonia) can also be toxic to 

aquatic organisms.  

61 Phosphorus in stormwater often results from soil runoff.  Its 

concentration will usually be directly related to the concentration of 

sediment in the stormwater.  Nitrogen in stormwater may be present as 

particulate matter from plant or other organic materials that enters 

stormwater, or as various dissolved compounds resulting from the 

decomposition of organic material.  

62 Similar to surface water, and ground water in rural environments, 

phosphorus and nitrogen in stormwater can come from vegetation, 

animals, the use of fertilisers or from wastewater sources.  

63 Stormwater can be contaminated by groundwater with elevated nutrient 

concentrations infiltrating into the stormwater network.  Infiltration of 

groundwater has been a matter of concern for the Department and Dr 
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Fisher sets out in his evidence the steps that the Department has taken to 

minimise infiltration of groundwater into its stormwater network 

through a programme of pipe sleeving and manhole repairs. 

64 Stormwater can also be contaminated by wastewater resulting in 

stormwater with elevated nutrient concentrations.  Dr Fisher discussed 

the steps that the Department has taken to remove cross connections 

between the wastewater and stormwater network, and to address 

overflow risks. 

65 Stormwater can also contain metals both as dissolved constituents and in 

particulate form.  The most common metals found in stormwater are 

copper and zinc.  Copper and zinc are trace metals that are naturally 

present in the environment and are essential as trace elements.  They are 

also present in materials used for construction and other purposes. 

(a) Zinc is used to protect steel from corrosion and is found in 

building materials such as roofing, galvanised steel products 

(eg. fencing wire, chain link mesh, and exposed structural 

steel).  It is also found in vehicle tyres and is used to 

prophylactically treat facial eczema in stock. 

(b) Copper is used in some building materials (eg. as architectural 

cladding, in electrical wiring), in vehicle brake pad 

compounds (to reduce squealing and shuddering of brakes), 

and as a fungicide in horticulture, agriculture, forestry, and 

industry. 

66 While neither zinc nor copper degrade in the environment, they are not 

regarded as persistent, as they don’t accumulate in the food chain and 

will become bio-unavailable as they become deposited and buried in 

sediment. 

67 Traditionally steel cladding products have been coated with molten zinc 

to provide galvanic protection to the steel (ie. the zinc is preferentially 

corroded rather than the steel).  Now zinc aluminium alloy coatings are 
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used.  The aluminium forms a protective oxide layer, and the zinc 

provides galvanic protection. This type of cladding is often also painted. 

68 Stormwater runoff from a traditional galvanised steel roof will contain 

significantly more zinc than that from a zinc aluminium alloy coated 

roof (whether painted or unpainted).  Some local authorities now 

encourage building owners to paint or replace galvanised steel roofs to 

reduce the concentrations of zinc in stormwater as best practice. The 

Department has done extensive work of this type at the site to minimise 

the amount of zinc in the prison’s stormwater from roofing (refer 

evidence of Dr Fisher). 

69 There have been some efforts by local authorities to reduce the amount 

of copper used where this might affect stormwater quality, and there are 

some manufacturers that are producing brake linings with reduced 

copper content.  However, these source controls are not well established 

in New Zealand. 

70 Microbes are present in stormwater, surface water, and sometimes also 

groundwater, and are generally present in most catchments.  Microbes in 

stormwater can come from wastewater contamination (eg. pump station 

overflows, cross-connections, and exfiltration and infiltration of 

wastewater), runoff from pervious surfaces or from natural areas where 

domestic and wild birds and animals are present, or where waste 

disposal to land is occurring and runoff from impervious surfaces where 

animals congregate (such as roofs). 

71 The presence of microbes in stormwater should always be a cause for 

concern for the network owner, as this presents a potentially significant 

health risk.  Many owners go to great lengths to try and identify and 

eliminate known sources of microbial contaminants in stormwater.  That 

said (and as outlined later in my evidence), not all microbial sources can 

be readily identified or managed as contamination is often intermittent 

and caused by unique set of circumstances.  

72 Even where a contamination source is identified it is often difficult to 

manage, (eg. when it is from birds or other animals present in a 
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catchment). In his evidence, Dr Fisher sets out the work the Department 

has done to identify and address potential cross-connections between the 

stormwater and the wastewater network at the site, including toilets in 

the exercise yards and remedial work at the rear of the Te Moenga Unit.  

73 To summarise, the main contaminants in the site’s stormwater that are of 

concern are: 

(a) suspended sediments 

(b) nutrients in the form of nitrogen and phosphorus 

(c) copper and zinc 

74 I will also discuss microbes and the work that the Department has 

carried out to identify the sources of microbes present in stormwater. 

STORMWATER QUALITY AT THE SITE 

General comment 

75 The prison is in a rural location.  The quality of its stormwater will be 

influenced by the buildings on the site (building materials used and their 

condition), the nature of activities carried out on site (such as the 

nursery, and the concrete plant and joinery) and factors such as visitor 

and staff traffic.  

76 In these respects, from a stormwater management perspective, it has 

much in common with other sites, such as small towns, or educational or 

research facilities in rural locations.  It will face challenges such as the 

ongoing maintenance of its systems, management of cross 

contamination from wastewater, infiltration of groundwater into its 

networks, and responding to situations that could compromise the 

prison’s ability to provide safe sanitary conditions to its residents. On 

the other hand, the prison is not entirely like other sites as it has full 

control over its water networks, what is connected to it, there is little 

current development pressure on it, and it owns all of the assets.  These 
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factors lower the risks of contamination compared to other stormwater 

networks. 

77 Mr Nind and Dr Fisher set out the significant work that the Department 

has recently done to ensure that its stormwater network is well managed 

and maintained.  In my experience this demonstrates very good 

management and responsible stewardship of its assets.  Later in my 

evidence I provide an assessment of the effectiveness of these measures 

at reducing contaminant concentrations and loads in stormwater 

discharging from the site. 

78 Dr Fisher also outlines the Department’s proposal to further treat its 

stormwater prior to its discharge from the site.  I will explain the 

benefits of this later in my evidence. 

Historical information  

79 To date the Department has attempted to understand the concentrations 

and loads of the contaminants in its stormwater.  It has reported its 

understandings in its original application, and in further information 

provided to Horizons Regional Council4. 

80 To date however, the Department’s ability to characterise the quality of 

its stormwater has been complicated by infiltration of groundwater into 

the stormwater network.  The completion of this programme of work, 

alongside a programme of painting and replacing of aging roofs, has led 

the Department to undertake additional sampling to provide 

comprehensive information on stormwater quality that I can rely on to 

support my evidence. 

Stormwater quality testing programme 

81 Stormwater is difficult to characterise as its quality is controlled by 

several factors such as the volume and intensity of rainfall, the length of 

 

4 MWH 2014 Whanganui Prison Stormwater Consent – Further Effects Assessment. 
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time between rainfall events, and the nature of the stormwater network 

itself. 

82 Materials containing contaminants and contaminants themselves, are 

found on pervious and impervious surfaces.  They are deposited by 

atmospheric action (eg. soil dusts, pollens, vehicle exhausts, vehicle 

brake dust), can be windblown (particularly in a coastal environment 

such as the site), include material from the wear and tear of pavement 

and vehicle components (tyres, brake linings), and include the 

contaminants (hydrocarbons) from spills and leaks which all build up 

over time. 

83 Incident rainfall picks up contaminants from surfaces and, depending on 

the nature of the rainfall, some or all of them will be mobilised and 

transported into the stormwater network and some will then be 

discharged into the receiving environment.  If there has been a long 

period of dry weather more material will have accumulated, resulting in 

a higher contaminant load in stormwater runoff for that particular 

rainfall event, than would be found after a shorter dry period. 

84 The contaminants may be dissolved, attached to, or absorbed by other 

materials, or may be in a particulate form. 

85 Once in the network, stormwater mixes with stormwater coming from 

other parts of the catchment, and may pick up contaminants that have 

accumulated in the stormwater network itself (such as sediment that has 

settled in the bottom of manholes).  In smaller catchments this process 

results in a “first flush” of stormwater. The first flush contains higher 

concentrations of contaminants than stormwater from later in a rain 

event. 

86 Depending on when stormwater is sampled, analysis of an individual 

sample could over or under-estimate overall contaminant concentrations.  

To address these issues sampling of stormwater should be undertaken 

throughout the duration of a rainfall event, and that the event itself is of 

a magnitude that represents what would be considered an ordinary 

rainfall event. 
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87 These methodological issues are addressed in the testing programme 

undertaken by the Department in December 2019, May 2020 and July 

2020, where Tonkin + Taylor on behalf of the Department sampled and 

analysed stormwater at the site to determine its quality. 

88 Stormwater was sampled at manholes SWMH1 and SWMH2a.  They 

are located at the downstream end of the reticulated stormwater network 

that drains the Prison5. Sampling was undertaken here (rather than at the 

discharge point) because the stormwater outlets become partially 

submerged, making it difficult to sample stormwater that is not mixed 

with surface water. 

89 Samples of stormwater were taken from SWMH1 and SWMH2a at set 

but increasing intervals during each rainfall event to understand changes 

in the composition of stormwater over that event.  Samples were 

analysed for suspended solids, nitrogen and phosphorus, ammonia, 

copper, and zinc6. ‘Event mean concentrations‘ of the contaminants 

were calculated to inform my assessment of the effects the stormwater 

discharge has on surface water quality in the receiving environment. 

90 An ’event mean concentration‘ is the average concentration of a 

contaminant in stormwater across the rainfall event.  That is, the results 

of the samples taken at set intervals are averaged for each contaminant.  

An event mean concentration can be the average concentration of 

samples measured, or the results can be weighted to account for flow 

(flow proportional sampling), volume (volume proportional sampling), 

or time (time dependent sampling). 

91 Due to the nature of the stormwater network, flow monitoring is difficult 

to do, so flow proportional sampling was not practical.  Instead the 

samples that were collected were weighted on the changes in rainfall 

depth during the event. 

 

5 There is a stormwater connection downstream of SWMH1 and SWMH2a, and this 
connection drains Pauri Domain Road. 
6 Samples were also collected and analysed for E. coli in December 2019 and July 2020. 
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92 The results are presented here as ’volume-proportional event mean 

concentrations‘.  This approach assumes that the volume of stormwater 

runoff is proportional to the rainfall depth over the period that the 

sample was taken.  In a small site like this, such an assumption is valid. 

93 The rainfall depths used to calculate volume proportional event mean 

concentrations in stormwater were measured at Spriggins Park7 (Figure 

2).  The rainfall depths and changes in rainfall intensity measured at 

Spriggins Park were consistent with site observations by staff doing the 

stormwater sampling. 

 

Figure 2: Rainfall events for 3 December 2019 (TOTAL RAINFALL DEPTH 

11.6MM) 24 May 2020 (TOTAL RAINFALL DEPTH 5.5MM), and 21 july 2020 

(total rainfall depth 14.2 mm) as measured at Spriggins Park Whanganui. 

94 Sampling was done on 3 December 2019, 24 May 2020 and 21 July 

2020.  Before these sampling events, rainfall was last recorded on: 

(a) 20 November 2019 – providing 13 “rain free” days prior to 

sampling  

 

7 NIWA Climate Station 3715 – the closest site where long term reliable rainfall and 
climate data are available.  
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(b) 7 May 2020 – providing 17 “rain free” days prior to sampling 

(c) 16 July 2020 – providing 5 “rain free” days prior to sampling 

95 These are all good periods of time during which contaminants could 

accumulate on pervious and impervious surfaces prior to each event. 

96 The average depth of a single rainfall event as measured at Spriggins 

Park is about 7.9mm, and there are approximately 116 wet days per 

annum 8.  The range of rainfall depths recorded for each sampling event 

was between 5.5mm to 14.2mm.  In comparison with Spriggins Park, the 

rainfall events sampled by the Department are normal or average events. 

97 The programme carried out by the Department in late 2019 and 2020 has 

been able to sample stormwater in a manner that meets best industry 

practice.  This has enabled me to adequately characterise stormwater 

quality. 

98 My interpretation of the results of this sampling programme is described 

below and falls into two parts: 

(a) In the first part I provide my observations of the quality of 

stormwater sampled collected for each event.  

(b) In the second part I provide an assessment of the results of the 

analysis of the quality of stormwater, against a national 

database of  stormwater quality, and the Horizons Regional 

Council’s One Plan water quality targets for Lake Wiritoa. 

Stormwater sampling observations 

99 Figures 3, 4 and 5 show changes in the concentration of Total 

Suspended Solids (TSS) throughout each of the three sampling events. 

 

8 Chappell 2015: The climate and weather of Manawatu- Wanganui. NIWA Science and 
Technology Series 66. 
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100 The December 2019 event clearly shows that the first flush of 

stormwater from the site had high TSS concentrations that reduced over 

the duration of the event. 

101 A similar pattern is seen for the May event for SWMH2a, although the 

concentrations of TSS are much lower than December9 and more in line 

with what I would have expected from a site such as this. 

102 A first flush is more evident in SWMH1 in the July 2020 event, 

although it appears as though the suspended solids concentrations in 

stormwater in both manholes increase in response to increased rainfall 

during these events.  A similar but more subdued response of sediment 

with rainfall intensity is apparent in the May event. 

 

Figure 3: Total suspended solids concentrations measured in SWMH1 and 

SWMH2a during the 3 December 2019 event, showing evidence of first flush of 

sediment in stormwater at the beginning of the rainfall event. 

 

9 It is possible that the sediment observed in stormwater in December is a result of 
sediment accumulation in the network from recent cleaning of pipes prior to the 
Department carrying out its pipe sealing programme. 
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Figure 4: Total suspended solids concentrations measured in SWMH1 and 

SWMH2a on 24 May 2020, showing evidence of a first flush for SWMH2a. 

 

Figure 5: Total suspended solids concentrations measured in SWMH1 and 

SWMH2a on 21 July  2020. 

103 I have attached a series of photographs of the samples of stormwater 

taken over these events.  These are shown in Attachments 1 to 6 to my 

evidence. 
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104 The photos show discoloured stormwater at the beginning of each event, 

becoming clearer as the event progresses.  This discolouration is quite 

evident for the early part of the December 2019 event (Attachments 1 

and 2), but much less so for the May and July events. 

105 However, most of the samples collected show no obvious signs of 

contamination and many of these samples appear quite clear. 

106 Although the photographs were taken in the field and under different 

light conditions it is possible that stormwater sampled in May is more 

coloured than the samples collected in December or July.  This could 

indicate a higher dissolved organic loading resulting in a yellow-brown 

colouration in the water due to the presence of humic substances. 

107 Attachments 1 and 4 shows samples labelled RW.  These are samples of 

rainwater (not stormwater) collected during the same rainfall events.  

The results of these analyses are provided in Table 1.  Analysis of these 

samples show concentrations of TSS (along with other constituents) that 

indicate that the rainfall itself contains some particulate material which 

would contribute to the TSS concentrations measured in stormwater.  

Rainfall can also contain other compounds and I will come to this later 

in my evidence. 
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Table 1: Results of analysis of rainwater samples. 

Parameter Units 

      Mean 

        

3-Dec-19 24-May-20 21-Jul-20   

Total Suspended Solids mg/L                        
4  3.3  24 

                         
10  

Total Zinc mg/L 0.013 0.0149 0.039 
                         

0.0224  

Dissolved Zinc mg/L   0.0138 0.021 
                         

0.0174  

Total Copper mg/L   0.0177 0.0043 
                         

0.0110  

Dissolved Copper mg/L   0.0113 0.0032 
                         

0.0073  

Total Nitrogen mg/L 0.13   0.27 
                         

0.20  

Ammoniacal Nitrogen mg/L 0.01   0.01 
                         

0.01  

Total Phosphorus mg/L 0.010 0.004 0.024 
                         

0.013  

Numbers in red are those reported at the detection limit of the analytical method. 

108 To recap, in December 2019, May and July 2020 the Department 

collected and analysed stormwater from two manholes at the 

downstream point of the reticulated network that drains the prison site10.  

Samples were from single representative rainfall events, that together 

provide a very good basis for assessing stormwater quality. 

109 From these samples I have characterised the quality of the stormwater in 

terms of the volume-proportional event mean concentrations for key 

contaminants of interest. 

 

10 The analytical results for May 2020 were provided to Horizons Regional Council in 
further information on 6 July 2020 
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Stormwater quality 

110 In the next few paragraphs, I will explain the results, and compare them 

to what would be expected in similar environments across New Zealand. 

111 Table 2 contains the volume-proportional event mean concentrations of 

the contaminants of interest. 

112 From my experience with stormwater quality, the results tell me that the 

stormwater has: 

(a) Very low to moderate concentrations of suspended solids, 

which tend to decrease with time during the runoff event. 

(b) The May and July events in particular have very low 

concentrations of Total Suspended Solids. 

(c) Moderate concentrations of zinc, Total Nitrogen11, and Total 

Phosphorus. 

(d) Low concentrations of copper, and Ammoniacal Nitrogen. 

(e) Zinc and copper appear to be mostly in solution as the 

concentrations of Total and Dissolved Zinc (ie zinc in 

solution) and Total and Dissolved Copper are similar. 

113 The results are also similar for both manholes across each of the 

sampling events.  This suggests that despite differences in catchment 

characteristics the quality of stormwater is similar and/or that the 

connections between SWHM1 and SWMH2a provides for mixing. 

114 For the December 2019 event, the concentrations of Total Phosphorus, 

Total Nitrogen, and Total Copper are strongly correlated with the 

concentrations of Total Suspended Solids (r2>0.9). This indicates that 

 

11 I will use capitals where I refer to the results from a specific analytical method such as 
Total Zinc. 
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these contaminants are either in particulate form (so make up part of the 

TSS fraction), or they are attached to sediment particles. 

115 The same relationship is not evident from the May and July results, 

primarily because of the low concentrations of TSS in all stormwater 

samples analysed. 

116 The relationship between Total Nitrogen and Total Suspended Solids is 

supported by the fact that most of the Total Nitrogen measured in the 

samples is likely to be in the form of organic (particulate) material 

present in the stormwater12.  

Table 2: Volume proportional event mean concentrations of contaminants of 

interest from rainfall events of 3 December 2019, 24 May and 21 July 2020, 

respectively. 

  

Parameter 

  

3 December 2019 24 May 2020 21 July 2020 

SWMH1 
n=11 

SWMH2
a n=11  

SWM
H1 
n=13 

SWMH2
a n=13 

SWM
H1 n = 
11 

SWMH2
a n = 11 

Unit Conc. Conc. Conc. Conc. Conc. Conc. 

Total Suspended 
Solids mg/L 

56.99 39.27 
6.25 4.83 

9.00 3.82 

Total Zinc mg/L 0.142 0.170 0.020 0.077 0.011 0.025 

Dissolved Zinc mg/L 0.139 0.156 0.014 0.067 0.002 0.018 

Total Copper mg/L 0.008 0.007 0.002 0.002 0.001 0.001 

Dissolved Copper mg/L 0.007 0.005 0.002 0.002 0.001 0.0002 

Total Nitrogen mg/L 0.929 0.758 0.842 0.650 0.153 0.133 

Ammoniacal 
Nitrogen mg/L 

0.066 0.066 
0.161 0.137 

0.008 0.016 

Total Phosphorus mg/L 0.158 0.149 0.090 0.086 0.024 0.021 

 

 

12 This is because of the high proportion of Total Kjeldahl Nitrogen (which is nitrogen 
present in ammonia and in organic matter) in Total Nitrogen. 
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117 The National Institute of Water and Atmospheric Research (NIWA) has 

collected data on stormwater quality from a range of sources in New 

Zealand and developed the URQIS tool to summarise data on 

stormwater quality.  I used URQIS to compare the quality of stormwater 

at the prison to that found in similar environments across New Zealand 

(refer Table 3).  

118 The comparisons presented in Table 3 show that the concentrations of 

contaminants measured in stormwater at the site are lower than those 

found in similar catchments across New Zealand.  They are well below 

the mean for all contaminants assessed here and, for some, are below the 

10th percentile. 

119 This conforms to my earlier observations and description of the quality 

of stormwater measured in SWMH1 and SWMH2a (ie that stormwater 

quality was expected to contain low concentrations of contaminants 

relative to other types of built landscapes). 

120 It also confirms the success of the work carried out by the Department to 

manage contaminants in stormwater at the site.  This has involved 

identifying and remedying groundwater infiltration through relining a 

significant proportion of the stormwater network to minimise 

groundwater infiltration, painting and replacing roofing materials to 

minimise zinc contamination, and the adoption of a Stormwater 

Management Plan. 
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Table 3: Comparison of stormwater water quality for selected contaminants 

measured at Whanganui Prison, compared to stormwater quality datasets collated 

nationally by NIWA13 

    

3 December 
2019 24 May 2020 

21 July 2020 

URQIS Database 
SWM
H 1 

SWM
H 2a 

SWM
H 1  

SWM
H 2a 

SWM
H 1 

SWM
H 2a 

Parameter Unit Mean Mean Mean Mean 

Mean Mean 
Mea
n 

10%
-ile 

90
%-
ile n 

Total 
Suspended 
Solids 

mg/
L 57.0 39.3 6.25 4.83 

9.00 3.82 

95 5.3 
20
0 

18
24 

Total Zinc 
mg/
L 0.142 0.170 0.020 0.077 

0.011 0.025 
0.52 

0.06
2 1.3 

12
14 

Total Copper 
mg/
L 0.008 0.007 0.002 0.002 

0.001 0.001 0.02
8 

0.00
5 

0.0
6 

12
25 

Total Nitrogen 
mg/
L 0.93 0.76 0.84 0.65 

0.153 0.133 
1.9 0.55 4 54 

Ammoniacal 
Nitrogen 

mg/
L 0.07 0.07 0.16 0.14 

0.008 0.016 
2 0.01 0.5 

14
83 

Total 
Phosphorus 

mg/
L 0.16 0.15 0.09 0.09 

0.024 0.021 
5.2 0.02 16 

17
9 

121 Table 4 provides a comparison of stormwater quality against water 

quality targets for Lake Wiritoa as set out in Schedule E of the Horizons 

Regional Council One Plan. 

122 Although the One Plan Targets relate to receiving water quality and are 

not of themselves discharge criteria, they provide a basis for an initial 

assessment of the effects of the discharge of stormwater on surface 

water quality. 

  

 

13 https://niwa.co.nz/information-services/urban-runoff-quality-information-system-urqis - 
accessed 20 April 2020.  Data reported met the following search criteria: NZ untreated 
stormwater, stormflow, high quality data, from medium & low density residential, and light 
industrial catchments. 
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Table 4: Comparison of stormwater quality against receiving environment 

standards (as set out in Horizons One Plan 

Parameter Units 

SWMH1 SWMH2a  SWMH1 SWMH2a  SWMH1 SWMH2a 
Horizons 
One Plan 
Targets 

3 December 2019 24 May 2020 21 July 2020 

Mean Mean Mean Mean Mean Mean 

Total Suspended Solids mg/L 56.99 39.27 6.25 4.83 9.00 3.82 NA 

Total Zinc mg/L 0.142 0.170 0.020 0.077 0.012 0.025 NA 

Dissolved Zinc mg/L 0.139 0.156 0.014 0.067 0.0024 0.018 0.0164b 

Total Copper mg/L 0.008 0.007 0.002 0.002 0.001 0.0002 NA 

Dissolved Copper mg/L 0.007 0.005 0.002 0.002 0.001 0.0003 0.0029b 

Total Nitrogen a mg/L 0.929 0.758 0.842 0.650 0.153 0.133 0.337a 

Ammoniacal Nitrogen c mg/L 0.066 0.066 0.161 0.137 0.008 0.016 0.4 

Total Phosphorus a mg/L 0.158 0.149 0.090 0.086 0.024 0.021 0.02a 

Table notes: 

a) Annual average concentration of Total Phosphorus, and Total Nitrogen 

Horizons One Plan Table E.4 depth >15m 

b) ANZECC 2000 adjusted for hardness (70 mg/L CaCo3 in Lake Wiritoa as 

calculated by NIWA 2013, from data collected by Fowles 1982) 

c) Ammoniacal Nitrogen – not adjusted for pH 

123 As can be seen in Table 4: 

(a) There are no applicable One Plan targets for Total Suspended 

Solids, Total Zinc, and Total Copper. 

(b) Ammoniacal Nitrogen is well below the One Plan Targets for 

Lake Wiritoa. 

(c) Two of the six sets of results show Dissolved Zinc below the 

One Plan Target (adjusted for hardness) for Lake Wiritoa.  In 

the remaining samples Dissolved Zinc exceeds the One Plan 

Target by between 1.1 and almost 10 times. 
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(d) Four of the six sets of results for Dissolved Copper meet the 

One Plan Target. The December 2019 results exceed the 

relevant One Plan Target by 2 to 3 times. 

(e) Total Nitrogen exceeds the One Plan Target by between 2 to 3 

times for December and May, but meets the target in July.  

(f) Total Phosphorus exceeds the One Plan Target by up to 8 

times. 

124 Although the quality of stormwater is very good (based on my 

experience and in comparison with other published data) Table 4 

indicates that there is the potential (albeit a low potential) that the 

discharge of untreated stormwater could impact on water quality in Lake 

Wiritoa and the water quality targets the Horizons One Plan has set for 

the Lakes.   

125 In the following sections I will assess the effectiveness of the 

stormwater treatment measures proposed by the Department on water 

quality and how this potential impact is mitigated. 

EFFECTS ON WATER QUALITY 

126 The BPO report prepared by the Department (and discussed by Dr 

Fisher in his evidence) identifies that installing a proprietary treatment 

device at the downstream end of the site’s reticulated network is a 

preferred treatment option to further reduce contaminant discharges to 

the environment. 

127 While recognising that further design work is needed, a conservative 

treatment efficiency of 40% reduction in metal concentrations and a 

30% reduction in nutrients14 has been adopted, and this is used for my 

assessment. 

 

14 The manufacturers of the Upflo filter advise higher treatment rates, however we are 
applying more conservative rates of 40% for metals and 30% for nutrients at this stage. 
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128 In previous correspondence between the Department and Horizons 

Regional Council15, it was agreed that in addition to treatment that a 

dilution of five times be used to assess the effects of the discharge of 

stormwater on water quality in Lake Wiritoa. 

129 With the adoption of the level of treatment as set out in the BPO and 

taking account a dilution of five times, the receiving water quality 

targets set out in the One Plan for Lake Wiritoa would be met for all 

contaminants with the potential exception of Total Phosphorus and 

Dissolved Zinc, and even for these only for the sampling carried out in 

December 2019. 

130 It is important to note that these exceedances are negligible.  Following 

treatment and dilution the concentration of Total Phosphorus in the 

receiving water is 0.021 mg/L compared to the One Plan Target of 0.02 

mg/L and Dissolved Zinc is 0.0177 mg/L, compared to the One Plan 

Target of 0.0164 mg/L. 

131 These negligible exceedances could be easily addressed in the design 

stage of the proprietary device selected by the Department. 

  

 

15 Horizons Regional Council email to MWH agreeing on the use of five times dilution for 
effects assessment purposes (email 13 October 2014) 
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Table 5: Compliance with One Plan water quality targets for Lake Wiritoa 

following treatment and mixing of stormwater sampled in December 2019. 

 

Treatment (assume 40% metals, 

30% nutrients) Treatment + Dilution 

Parameter/Manhole  SWMH1  SWMH2a  SWMH1  SWMH2a 

Dissolved Zinc Not Met Not Met Not Met Not Met 

Dissolved Copper Not Met Not Met Met Met 

Total Nitrogen Not Met Not Met Met Met 

Total Phosphorus Not Met Not Met Met Not Met 

 

Table 6: Compliance with One Plan water quality targets for Lake Wiritoa 

following treatment and mixing of stormwater sampled in May 2020. 

 

Treatment (assume 40% metals, 
30% nutrients) Treatment + Dilution 

Parameter/Manhole  SWMH1  SWMH2a  SWMH1  SWMH2a 

Dissolved Zinc Met Not Met Met Met 

Dissolved Copper Met Met Met Met 

Total Nitrogen Not Met Not Met Met Met 

Total Phosphorus Not Met Not Met Met Met 
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Table 7: Compliance with One Plan water quality targets for Lake Wiritoa 

following treatment and mixing of stormwater sampled in July 2020. 

  

With Treatment (assume 

40% metals, 30% nutrients) Treatment + Dilution 

Parameter/Manhole SWMH1 SWMH2a SWMH1 SWMH2a 

Dissolved Zinc Met Met Met Met 

Dissolved Copper Met Met Met Met 

Total Nitrogen Met Met Met Met 

Total Phosphorus Met Met Met Met 

 

132 As mentioned previously correspondence between the Department and 

Horizons confirmed that a dilution of five times could be used to assess 

the effects of the discharge on meeting the One Plan Targets in Lake 

Wiritoa.  

133 However, the basis of the agreement to apply a five times dilution factor 

is unclear to me. 

134 This section of my evidence provides an evaluation of the nature and 

extent of dilution and attenuation of contaminants in the receiving 

environment to confirm that a dilution factor of five times is appropriate 

and to provide an assessment of where the Horizons One Plan Values 

and Targets would apply. 

135 The results are provided in Table 8 for an average discharge event and 

show that following treatment the One Plan Targets for Dissolved Zinc, 

Dissolved Copper, Ammoniacal Nitrogen and E coli would be met prior 
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to discharging to the Wiritoa Lake arm16, at the location shown in Figure 

717.  This indicates that the adoption of a dilution factor of five times is a 

reasonable factor to use. 

136 In fact, Table 8 shows compliance with the One Plan Targets for 

Dissolved Copper, Ammoniacal Nitrogen and Total Nitrogen would be 

met at the discharge point with only a small amount of dilution (1.6 

times). 

 

Figure 6: Dilution and attenuation of contaminants (shown as dilution factors) 

downstream of the discharge point.  Note that dilution and attenuation of greater 

than five is achieved in a semi-enclosed margin of Lake Wiritoa. 

  

 

16 There have been reports of surface water flows from Lake Wiritoa to Lake Pauri, under 
certain circumstances, which I would regard as highly unusual.  For the purposes of my 
evidence I have considered that all stormwater discharges from the prison site will 
discharge into Lake Wiritoa. 
17 This is also the area where I estimate there would be dilution of five-fold. 
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Table 8: Assessment of dilution and attenuation of contaminants in surface water 

downstream of stormwater discharge point and comparison with One Plan Targets. 

 

137 Table 9 shows the same analysis but taking account that the receiving 

environment has elevated background concentrations of Total 

Phosphorus, Total Nitrogen and Ammoniacal Nitrogen18.  

138 This assessment shows that the One Plan Targets for Total Phosphorus 

and Nitrogen are exceeded both upstream and downstream of the 

Prison’s discharge point, making it impossible for the Department’s 

stormwater discharge to comply with these targets at any point 

downstream of the discharge. 

  

 

18 Data from Horizons Regional Council and covering the period 2014 to 2020 n=31) 
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Table 9: Assessment of dilution and attenuation of contaminants in surface water 

downstream of stormwater discharge point and comparison with One Plan Targets. 

 

139 However, we need to recognise that: 

(a) The average concentration of Total Nitrogen in the discharge 

is significantly lower (2.75 times) than the average 

concentration of Total Nitrogen discharging from Lake Pauri 

to Lake Wiritoa, and this will lower the concentration of Total 

Nitrogen being discharged into Lake Wiritoa. 

(b) The increase in Total Phosphorus concentration as a result of 

the discharge of treated stormwater is marginal (2% increase) 

and the effect of the discharge on the concentration of Total 

Phosphorus in Lake Wiritoa would be undiscernible at the 

start of Lake Arm 1 as shown in Figure 6, due to the volumes 

of water available for dilution and attenuation. 

Assessment of contaminant loads 

140 This section provides an assessment of the loads of nutrient and other 

contaminants entering Lake Wiritoa.  The purpose of this section is to 

put the discharge of contaminants from treated stormwater from the 

Prison in the context of catchment contaminant loads to Lake Wiritoa.  

This has involved an assessment of annual volumes and contaminant 

loads from stormwater, rainwater falling directly on to the lake, 
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groundwater19 discharging to the southern margin of the lake, and from 

surface water that flows between Lake Pauri and Wiritoa. I have also 

attempted to quantify internal nutrient loads that influence water quality 

in Lake Wiritoa. The results of this analysis are set out in Table 10. 

141 I have been unable to find information on contaminants loads from other 

sources, such as groundwater from the eastern and northern sides of the 

lake and from surface water inflows, particularly a tributary on the 

northeast side of Lake Wiritoa.  

  

 

19 As calculated by Mr Reynolds. 
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Table 10: Annual average contaminants loads into Lake Wiritoa. 

Parameter 

Treated 

stormwater 

Load 

 Rainfall load 

kg/year 

Groundwater load 

kg/year 

Surface water load from Lake 

Pauri kg/year 

Internal 

load 

Wiritoa 

kg/year 

kg/year Low b Highb 
Low -

Medianc 

High - 

Meanc 
Lowd Highd Midd  

Average 

(2014-

2020)e 

Total Suspended 

Solids 

                     

1,224  

                 

2,807  

               

3,352  
          

 

Total Zinc  3.9 
                 

4.5  

                

5.4  
          

 

Dissolved Zinc 3.5 
                 

3.5  

                

4.2  

                

0.3  

             

0.6  
      

 

Total Copper 0.2 
                 

1.6  

                

2.0  
          

 

Dissolved Copper 0.2 
                 

1.1  

                

1.4  

                

0.3  

             

0.4  
      

 

Total Nitrogen 35.3 
                 

40.1  

                

47.9  

                

336  

             

703  

          

175.8  

          

1,184.8  
386.7 

230 

Ammoniacal 

Nitrogen 
4.6 

                 

2.0  

                

2.4  

                

3  

             

9.1  

               

5.1  

                

34.6  
11.3 

395 

Total Phosphorus 5.4 
                 

2.5  

                

3.0  

                

24  

             

29.8  

               

9.4  

                

63.6  
20.7 

140 

Discharge volume 

m3/year 
87,300a 200,500 240,000 182,500 158,000 1,000,060 346,896  632,000f 
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(a) Based on average annual runoff volume over 2009-2019 and 

average contaminant concentrations measured in stormwater 

2019-2020. 

(b) Rainfall load range based on reported differences in area of 

Lake Wiritoa. 

(c) Groundwater load range based on differences between 

calculated mean and median contaminant concentrations in 

groundwater. 

(d) Surface water loads based on differences reported by Fowles 

lowest 1974 inflow record (mid-range), NIWA River Maps 

median flow (high) and my qualitative site observations 

(low). 

(e) Based on the difference in concentration between the surface 

and bottom samples (collected by Horizons 2014-2020) 

multiplied by estimated hypolimnion lake volume.  

(f) Hypolimnion volume estimated by NIWA 2013. 

142 There are obviously some significant data gaps in this table, and this 

reflects the patchiness of data collected in the catchment.  For instance, 

there is no flow or water quality information for potential inputs from 

the northeast tributary to Lake Wiritoa, and only recently has data on 

water quality on the tributary to Lake Pauri been collected by the 

Department.  There is no data on groundwater inputs from land adjacent 

to the northeast and western boundaries of the lake and flows between 

Lake Pauri and Lake Wiritoa only include spot data collected in 1974. 

143 Recognising these data gaps, I can draw the following observations and 

conclusions: 

(a) The discharge of stormwater from the site represents less than 

6% to 14% of annual inflow into Lake Wiritoa, noting that not 

all inflows have been measured. 
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(b) The loads of zinc and copper from treated stormwater 

discharged into the Lake Wiritoa are generally low and not 

dissimilar to natural background loads from rainfall.  

(c) The sediment load from treated stormwater is less than half of 

the load likely to discharge into the lake via rainfall.  While 

this sounds unusual it is not unexpected and represents both 

the relative volumes of water as rainfall on the lake compared 

to that from stormwater. 

(d) Total Nitrogen loads in treated stormwater are lower than 

those from rainfall and orders of magnitude lower that than 

discharged into the lake via groundwater or surface water.  

Taking account of variable estimates of surface flow from 

Lake Pauri, Total Nitrogen inputs from stormwater represent 

less than 2% to 6% of the Total Nitrogen load to Lake 

Wiritoa, noting that not all nitrogen inputs are able to be 

accounted for due to a lack of monitoring data. 

(e) Total Phosphorus from treated stormwater represents less than 

5% to 13% of the Total Phosphorus Load to Lake Wiritoa 

from external sources, again noting that not all phosphorus 

inputs into Lake Wiritoa can be accounted for due to a lack of 

monitoring data. 

(f) Total Phosphorus load from treated stormwater makes up a 

very small proportion of the estimated internal Total 

Phosphorus load (less than 3%) based on this data, although 

the Total Phosphorus concentrations recorded by Horizons 

may be influenced by relatively high turbidity measured in 

bottom water (ie measuring phosphorus present in re-

suspended particulate material as well as that released in 

soluble form from sediment). 

(g) Overall, nearly 60% of the Total Phosphorus load in the lake 

may come from internal nutrient cycling compared to external 

surface and groundwater sources. 
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(h) The nitrogen load from treated stormwater is also a very small 

proportion of the likely internal nitrogen load (less than 4% 

for Total Nitrogen and less than 1% for Ammoniacal-

Nitrogen). 

144 Overall, most nutrient loads into Lake Wiritoa are from groundwater and 

surface water sources, and from internal cycling of nutrients, with 

stormwater being a very minor contributor.  The contribution of 

stormwater to the loads of nitrogen, phosphorus and zinc in surface 

waters is summarised in Figure 7. 

Figure 7: contribution of stormwater to the loads of nitrogen, phosphorus and zinc 

in surface waters. 

145 When taking account of all potential sources of nutrients for Lake 

Wiritoa the contribution of treated stormwater is minor and less than 2 

to 3% for Total Phosphorus and 2 to 4% for Total Nitrogen.  

National Objectives Framework 

146 The Horizons One Plan has established water quality targets for deep 

lakes for a range of parameters as set out in Schedule E.  These are 

water quality targets for the receiving environment and not discharge 
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standards.  However, with this in mind those pertinent to the 

Departments’ stormwater discharge (and discussed here) are Total 

Phosphorus, Total Nitrogen, Ammoniacal Nitrogen metals and E coli.  

An assessment of stormwater quality against the One Plan targets after 

mixing is presented in Tables 8 and 9 of my evidence. 

147 The National Policy Statement on Freshwater Management (NPS-FM) 

sets out a range of attributes that require limits on resource use.  For lake 

water quality these include phytoplankton, Total Nitrogen and 

Phosphorus, Ammoniacal Nitrogen, E coli (Human contact), and 

cyanobacteria.20 

148 The NPS-FM also has a group of attributes for which action plans need 

to be developed.  These include submerged plants (termed Lake SPI) 

and with separate metrics for native and invasive plan species), lake 

bottom Dissolved Oxygen, mid-hypolimnetic Dissolved Oxygen, and E 

coli (Human contact).  For many of these parameters, and from the data 

made available to the Department by Horizons Regional Council, 

monitoring for many of these parameters has yet to be established. 

149 There are no equivalent attributes for metals. 

150 The NPS-FM has a range of Bands from D (below National Bottom 

Line and of poor quality) to A (to reflect what would otherwise be a 

minimally affected water body, able to sustain a range of ecosystems 

attributes). 

151 Currently the median concentrations of Total Nitrogen and Total 

Phosphorus measured and recorded by Horizons in Lake Wiritoa, would 

 

20 There are differences in how the One Plan Targets and NPS Attributes are to be 
measured, and the NPS has criteria around minimum dataset requirements (the frequency 
of data collection and duration of record) for some attributes.  This means a direct 
comparison between cannot be made between the two criteria in all instances.  For the 
purposes of this section of my evidence these differences are not material. 
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mean that for these attributes the Lake is below the National Bottom 

Line21. 

152 As a minimum the NPS-FM would require an improvement in water 

quality, to meet the National Bottom Line. 

153 Total Phosphorus and Total Nitrogen concentrations in the Lake would 

need to be reduced by 3 and 3.3-fold respectively to achieve the One 

Plan Targets, or top of the C band and bottom of the B band under the 

NPS-FM. 

154 A significant improvement in water quality in the Lake would be needed 

to meet these targets.  It would require much greater effort than just the 

prison’s stormwater discharge and is likely to take many years to 

achieve. 

Changes in contaminant loads brought about by water quality improvement 
works 

155 I have also attempted to quantify the effects of works already carried out 

by the Department to reduce contaminant discharges, particularly: 

(a) Remedial works to minimise groundwater infiltration; and 

(b) Painting of roofs within the prison as a zinc reduction 

measure. 

156 Dry weather water quality data collected from the stormwater network 

prior to remedial works to reduce the interception of groundwater 

indicate that up to 27kg of nitrogen22 per year may have been removed 

through this measure. This is likely an underestimate.  If the Total 

Nitrogen concentration in groundwater is used, then between 30 and 120 

 

21 Ammonia is likely to fall within the A Band. 
22 MWH 2014: Further Effects Assessment June 2014 Table 4.1 with nitrogen measured as 
Soluble Inorganic Nitrogen. 
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kg of Total Nitrogen is likely to be removed by this action.  Similarly, 

up to 5 kg of Total Phosphorus may also have been removed. 

157 This represents a significant reduction in nitrogen and phosphorus that 

would have otherwise discharged through the Department’s stormwater 

network to the surface water. 

158 Data for zinc is less clear.  Water quality data collected by MWH23 in 

2012 and 2013 recorded similar zinc concentrations to those measured 

in 2019 and 2020.  However, NIWA reported significantly higher Total 

and Dissolved Zinc concentrations in discharge monitoring carried out 

by Horizons24.  Using this data, up to 13.6 kg per year of Dissolved Zinc 

(and 15.7kg of Total Zinc) may have been discharged in stormwater 

from the site prior to these works being carried out.  In comparison the 

2019-2020 data indicate that the currently load may be up to 6.5 kg. This 

potentially represents a 50% reduction in zinc loading. 

159 The reductions in zinc, phosphorus and nitrogen are summarised in 

Figure 8. 

 

 

23 MWH 2014: Further Effects Assessment June 2014 Table 4.1. 
24 NIWA 2013: Opportunities to address water quality issues in Lakes Wiritoa and Pauri 
June 2013, Table 3. 
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Figure 8: Summary of contaminant load reductions 

160 In summary the works that have been undertaken by the Department 

have seen significant reductions in nutrient loads being discharged into 

Lake Wiritoa from the prison’s stormwater system.  These will be 

further reduced with the construction of a proprietary stormwater 

treatment device proposed by the Department.  The success of measures 

to reduce the concentration and loading of zinc is less certain, and may 

have been either neutral, or if NIWA’s 2013 data is representative, 

resulted in a significant reduction in zinc load that would have otherwise 

discharge into surface water. 

Zinc exceedance in context 

161 An exceedance of the ANZECC water quality guideline for Dissolved 

Zinc cited in the One Plan does not in itself mean that an adverse effect 

is occurring.  Batley and others25 state that an exceedance of a guideline 

 

25 Batley, GE, van Dam, RA, Warne, MStJ, Chapman, JC, Fox, DR, Hickey, CW and 
Stauber, JL 2018. Technical rationale for changes to the Method for Deriving Australian 
and New Zealand Water Quality Guideline Values for Toxicants. Prepared for the revision 
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value for a toxicant such as zinc, “might potentially impair water quality 

and thereby trigger an investigation or initiate a management response”.  

162 As stated earlier in my evidence zinc is an essential trace element.  At 

certain concentrations however zinc starts to interfere with calcium 

transport in organisms, in turn affecting the health of the organism.  The 

ability of zinc to cause this effect is influenced by factors such as 

whether zinc is freely dissolved26, is attached to inorganic or organic 

material, or is associated with particulate matter.  The proportion of each 

form in a water body will depend on the amount of suspended 

particulate matter, dissolved organic matter, pH, alkalinity and hardness.  

In other words, not all zinc in a water sample will present a toxic risk to 

freshwater organisms. 

163 Where zinc is attached to particulate material, organic matter, or with 

inorganic complexes (such as those present in groundwater seeps where 

iron and manganese is present) its ability to be taken up by organisms 

(its bioavailability) is low.  The presence of zinc in sediment that has 

accumulated downstream of the outlet from the prison site (as discussed 

earlier) indicates that a proportion of zinc being discharged in 

stormwater is becoming attached to sediment, thereby significantly 

reducing its bioavailability. 

164 The chemistry of the water in the receiving environment will also affect 

the toxicity and bioavailability of zinc.  This is particularly the case for 

harder waters where calcium is present, and this is the reason why the 

default guideline value is adjusted to account for hardness. 

165 The Australian and New Zealand Guidelines for Fresh and Marine 

Water Quality (ANZG) and the predecessor ANZECC Guidelines aim to 

protect species against chronic adverse effects rather than acute effects.  

 

of the Australian and New Zealand Guidelines for Fresh and Marine Water Quality. 
Australian and New Zealand Governments and Australian state and territory governments, 
Canberra, ACT, 49 pp 
26 This is a different to Dissolved Zinc, which represents an analytical method where a 
water sample is collected and filtered prior to analysis. 
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Bately and others define chronic toxicity as the result of exposure to a 

chemical for a substantial proportion of the organism’s life span or an 

adverse effect on a sensitive early life stage.  With the exception of 

embryo fertilisation the duration of toxicity testing that has been used to 

support the development of the guidelines are in the order of days (from 

24 hours to over 21 days). 

166 This means that the guidelines have been developed to protect 

organisms from exposure to a contaminant over a period that is in most 

cases is much longer than the duration of a stormwater discharge event.  

In other words, a relatively short-term discharge, like stormwater, 

provides insufficient time for contaminant to exert a chronic toxic effect 

on organisms that may be present in the receiving environment. 

167 The guidelines are also based on toxicity data that looks at sub-lethal 

effects such as growth and reproduction.  Therefore, an exceedance of a 

guideline does not result in the death of an organism.  It means that a 

certain proportion of the species that might be present in the waterbody 

(5% for the 95% protection level) will no longer be protected.  

168 Although it is possible that implementation of the BPO may not be able 

to meet the One Plan Target for zinc for some stormwater discharge 

events, the magnitude of this exceedance is small and, as explained 

above, is unlikely to result in an adverse effect that is more than minor. 

Microbial sources of contamination 

169 Stormwater sampling carried out in December 2019 and in July 2020 

show very low concentrations of a microbial indicator E coli (orders of 

magnitude lower than what would be expected from wastewater).  E coli 

was present in samples taken at the beginning of each event and at the 

end, suggesting a source that remains present throughout the duration of 

each event. 

170 Early on in both sampling runs, E coli was above an upper detection 

limit of 2,420 MPN/100mL in some samples.  However, these early 

results do not suggest direct contamination from wastewater.  This is 
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because there are no connections from the wastewater network to the 

stormwater network and there is no visual or other evidence (odour, 

solids, paper) indicating the presence of wastewater.   

171 The results suggest more of a catchment runoff source of E coli.  This 

could be either from warm blooded animals (eg birds, ruminants, 

canine) present in the catchment, or infiltration of contaminated 

groundwater into the stormwater network.  Given that a significant 

programme of works has been completed to reduce infiltration into the 

stormwater network, it is more likely that the E coli present in 

stormwater is from runoff from catchment sources. 

172 Some additional wet weather sampling was conducted on 4 Mar 2020 

using a microbial source tracking technique (MST) to try and identify 

the source(s) of contamination27.  This confirmed the presence of human 

indicators in a pipe draining Catchment 3 and leading to SWMH2a, as 

shown in Figure 9.  The remainder of the results are inconclusive as to 

the source of contamination, meaning it could be canine, ruminant, 

avian, gull or human. 

173 The potential source of the confirmed human microbial source (from a 

wastewater overflow), and how it has remedied is discussed by Dr 

Fisher in his evidence. 

 

27 MST is a suite of analytical techniques used to identify DNA markers produced by 
animals that excrete E coli.  These include a range of markers for human sources, and 
markers for canine, ruminants, and birds including gulls. 



 

6682530.1       53 

 

FIGURE 9: Microbial source tracking CONDUCTED ON 4 MAR 2020 

174 The significance of the discharge of low concentrations of E coli on 

recreational water quality values is very low.  As shown in Figure 6 and 

Tables 8 and 9 of my evidence the discharge is able to meet recreational 

water quality targets set out in the One Plan in the Lake (where 

recreation is most likely to occur), indicating the risk to recreational lake 

user from the site’s stormwater discharge is minimal. 

Suspended sediment and turbidity 

175 The concentration of suspended solids in stormwater is very low, and 

well below that recorded in stormwater nationally (as shown in Tables 2 

and 3).  With treatment this will be further reduced with likely discharge 

concentrations being less than 20 mg/L.  The effects of the discharge of 

suspended sediment on water quality are likely to be very small, and as 

shown in Table 10, the load of sediment to Lake Wiritoa is negligible, 

and of a similar magnitude to sediment inputs from rainfall. 

176 Although turbidity has not been measured in stormwater, Attachments 1 

to 6 show that the stormwater samples collected are generally clear, 

indicating that turbidity of the discharge will be low.  It’s unlikely that 

the discharge of treated stormwater would result in an adverse effect on 

water colour and clarity in the receiving environment and would meet 

the relevant Schedule E values relating to amenity and aesthetics (refer 

Tables 8 and 9). 
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Sediment quality 

177 Earlier in my evidence I talk about the low bioavailability of zinc where 

it is attached to particulate material including organic matter and 

mention the presence of zinc in sediment that has accumulated 

downstream of the stormwater outlet.  While this process represents a 

reduction in risk to aquatic organisms potentially exposed to zinc and 

copper in the water column, we need to assess the potential effects of 

these contaminants on organisms in sediment. 

178 Assessments of sediment quality have been carried out by MHW in 

2014, by Boffa Miskell 24 July 2019, and more recently by Tonkin and 

Taylor on 3 May 2020, and the results for selected contaminants are 

shown in Table 10. 

179 MWH sampled upstream and downstream and immediately around the 

outlet, and Boffa Miskell sampled downstream of the outlet. 

180 Sampling carried out by Tonkin + Taylor for the Department in 2020, 

was at all locations previously sampled.  This was to verify the results of 

the earlier reporting efforts and collect additional information on the 

nature of the sediments at these locations to better inform the analytical 

results.  Sediment samples collected were analysed for total recoverable 

copper and zinc, and for particle size analysis. 

181 The analyses carried out by MWH looked at range of potential metal 

and organic contaminants, but only detected zinc in elevated 

concentrations.  Other contaminants were reported in very low 

concentrations and are not further discussed in my evidence. 

182 There is some variability between each set of investigation data with the 

MHW results being by far the highest, but even between the Boffa 

Miskell and Tonkin and Taylor datasets. 

183 Although this is a limited data set, it indicates that there is some 

accumulation of zinc at the discharge point (presumably where 

stormwater ponds in the channel upstream of the culvert).  This indicates 
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that a proportion of the zinc that discharges in stormwater from the site 

is removed through sedimentation in the vicinity of the discharge point, 

and does not make it into the lake. 

184 However, the results point to very little impact of stormwater on 

sediment quality and ecology, as the results are all below the Australian 

New Zealand Guideline Values for the protection of aquatic organisms. 

185 I would caution against placing too much weight on the MWH results as 

they are very high in the context of more recent sampling.  Also, the low 

concentrations of zinc recorded around the discharge point in the Tonkin 

and Taylor results may be a result of sampling of more sandy material 

with relatively low proportions of silt and clay. 

186 What the results collectively show is that any deposition of zinc is 

restricted to areas where remedial action (such as the removal of 

sediment) can readily be taken if needed.  

187 As mentioned earlier in my evidence, stormwater quality can vary 

significantly between rainfall events, and require a significant effort to 

collect reliable data.  As an alternative, monitoring of sediment can be a 

useful tool as it paints a picture of contaminant loads over time. 

188 It is an approach to monitoring that I advocate for, and the variability in 

results can be addressed through a programme of grid-based sampling 

over a sample area, rather than the collection of samples from discrete 

locations.  

189 Conditions proposed by the Department include the monitoring of 

sediment, which I support.  The adoption of the Australian New Zealand 

Guideline Values default guideline values as triggers for further 

investigation or (if necessary) action would ensure the protection of 

aquatic species in the vicinity of and downstream of the stormwater 

discharge point. 
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Table 10 Concentration of zinc in sediment upstream and downstream of discharge 

point. 

 Location 

  

MWHA Outlet MHWC Site 1 Site 2 Site 3 

GV 

- 

low 

GV-

high 

Approximate distance from outlet (m) 

  

Upstream Downstream     

25m 2m 2m 25m 30m 50m 90m 

  

200 

  

  

  

410 

  

  

Total 

recoverable zinc 

(mg/kg) 

  

  

MWH 18 Feb 2014 154 430 730 660       

Boffa Miskell 24 

July 2019 
      50 158 148 

Tonkin + Taylor 3 

May 2020 

35 

  

162 

60 31 44 59 

Proportion of 

silt/clay (%) 21% 1% 7% 39% 35% 40% 
  

 

 

Figure 8: location of sediment sampling points. 
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RESPONSE TO MATTERS RAISED IN SUBMISSIONS 

190 I have been provided with copies of the submissions. Relevant to my 

area of expertise, I address the following issues raised by the submitters: 

(a) Issues with Quality of Discharge from the Site are raised by 

Kevin and Sarah Gaskin (no. 3), Alastair Duff (no.6), Neil 

Colin Campbell (no. 7), George Matthews (no. 8), Stefan 

Dadic and Amber Potts (no. 9), Whanganui District Council 

Rural Community Board (no. 10) and Simon Sheppard (no. 

11) 

(b) Issues with Runoff are raised by Kevin and Sarah Gaskin (no. 

3) and Whanganui District Council Rural Community Board 

(no. 10). 

(c) Effects on Lake Water Quality are raised by Whanganui 

Sailing Club inc. (no. 2), Kevin and Sarah Gaskin (no. 3), 

Juliana Pui Lee Chuang (no. 4), Tracey Jarman (no. 5), 

Alastair Duff (no. 6), George Matthews (no. 8), Stefan Dadic 

and Amber Potts (no. 9).  

(d) Proposed treatment device issues are raised by Alastair Duff 

(no. 6) and Neil Colin Campbell (no. 7).  

(e) Compliance with Water Quality standards is raised by Tracey 

Jarman (no. 5), Alastair Duff (no. 6), Stefan Dadic and Amber 

Potts (no. 9), and Ngā Wairiki Ngāti Apa (no. 13).  

(f) Issues with Water Quality Monitoring are raised by Fish and 

Game Council, Taranaki (no. 1), Neil Colin Campbell (no. 7), 

Stefan Dadic and Amber Potts (no. 9), and Whanganui 

District Council Rural Community Board (no. 10). 

(g) Effects on Hydrology are raised by Simon Sheppard (no. 11) 
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(h) Planting issues are raised by Alastair Duff (no. 6) and Neil 

Colin Campbell (no. 7). 

Quality of Discharge from the Site 

191 Submission 3 from Kevin and Sara Gaskin stated that consultants have 

admitted that the levels of total phosphorous and total nitrogen after 

treatment are 2 times and 5 times respectively above recommended 

levels. 

192 Recent data collection and analysis by the Department shows that Total 

Nitrogen and Phosphorus concentration are considerably lower than 

those initially reported. 

193 Submission 7 from Neil Colin Campbell raises matters of concern 

around the visual state of the discharge from the site and excess 

sediment in the channel. 

194 Although I can’t comment on specific historic concerns, the 

concentration of suspended sediment measured in stormwater is low 

and, with treatment, would result in small quantities being discharged 

into the channel.  This would address submitters’ concern.  As shown in 

Attachments 1 to 6, the visual clarity of the stormwater samples 

collected also suggests that these concerns would be addressed. 

195 Submission 10 from Whanganui District Council Rural Community 

Board expresses the concern that contaminants are being discharged into 

a stagnant body of water. 

196 As discussed above, the current state of the culvert is restricting flow 

and provides for an area of relatively still water upstream of the lake 

access track.  A discharge of stormwater into relatively still surface 

water would not in my opinion create or exacerbate any water quality 

issue. 
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197 As I understand, the culvert is on District Council land and is not owned 

or maintained by the Department, and therefore the ability for the 

Department to improve the efficiency of this culvert is very limited. 

Discharge effects on lake water quality 

198 Submissions 2, 3, 4, 5, and 6 and 9 raise matters of concern relating to 

the discharge having directly negative effects on the water quality of the 

lakes.  

199 Submission 2 from Whanganui Sailing Club expresses concern about 

possible pollution of Lake Pauri and seeks regular monitoring to ensure 

there is no contamination downstream.  

200 The discharge of treated stormwater will not affect water quality in Lake 

Pauri.  The Department has proposed monitoring in its suite of consent 

conditions that will ensure that its management and treatment of 

stormwater will avoid or minimise any potential adverse effects on 

water quality.  I have helped develop these proposed conditions and 

support them. 

201 Submissions 3 from Kevin and Sara Gaskin, 4 from Juliana Pui Lee 

Chuang, 5 from Tracey Jarman, 6 from Alastair Duff and 9 from Stefan 

Dadic and Amber Potts express concern that the discharge from the 

Project will pollute the lakes.  Kevin and Sara Gaskin specifically query 

whether significant improvement in water quality means that that the 

discharge has no effect on the health of the Lake.  Tracey Jarman 

expresses that contaminants such as nitrogen, phosphorous, E-Coli, 

Zinc, nutrients, concrete, and general waste should not discharge into the 

lakes. 

202 The discharge of treated stormwater will not pollute Lake Wiritoa. The 

works undertaken to date, proposed treatment and the systems that the 

Department has in place for managing stormwater provided to me a very 

high level of assurance that there will be no adverse effects on water 

quality in the lake that are more than minor. 
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203 Submission 8 from George Matthews expresses the concern that 

residence time in the lakes for discharge is too long.  He also states that 

the water quality conditions of the lake have been worsening since 1974 

and the 2008 classification of both lakes showed that they were of 

inadequate quality. 

204 Mr Matthews is correct in expressing his concern about the residence 

time in Lake Wiritoa.  The Cawthron estimate the residence time at 

about 3.8 years.  This means that it will take considerable time before 

progress is evident on any catchment-wide efforts to restore or 

rehabilitate the Lake.  Further, removing the stormwater discharge 

would lead to increased residence time in the Lake, which could 

exacerbate existing water quality issues. 

205 Mr Matthews is correct regarding the degradation of lake water quality.  

NIWA, in its history of the lake, indicated a deterioration in water 

quality in the mid-1970s, and the data collected by Fowles indicated 

elevated nutrient concentrations in data collected in the late 1970s to 

early 1980s. 

206 Mr Matthew’s submission provides useful context on the historical 

decline in water quality in Lake Wiritoa and the time that any remedial 

action will begin to show results.  The ongoing discharge of treated 

stormwater from the prison in my opinion will play only a very minor 

role in improving lake water quality, but it certainly will not further 

degrade water quality. 

Water Quality Standards 

207 Submissions 5 ,6 ,9 ,12 and 13 raise matters of concern regarding the 

compliance of the consent with national legislation and standards.  

208 Submissions 6 from Alistair Duff and 13 from Ngā Wairiki Ngāti Apa 

raise the concern that the water quality in the area does not comply with 

One Plan Standards.  Submission 12 states that they will oppose the 

consent if water quality does not meet the One Plan Standards.  Ngā 
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Wairiki Ngāti Apa specifically states that contaminants exceed the One 

Plan Standard for N and P. 

209 The quality of water following treatment will be able to meet the One 

Plan Targets after mixing, as set out previously in my evidence. 

210 Submissions 5 from Tracey Jarman and 9 from Stefan Dadic and Amber 

Potts query the Project’s alignment with current government legislation 

and stance on cleaning and restoring waterways. 

211 The work undertaken by the Department to date and proposed in consent 

conditions, is based on a considerable effort in maintaining and 

upgrading its network and proposing treatment, ongoing maintenance, 

and monitoring of its network and discharge that meets industry best 

practice.  It is, in my opinion, aligned with the Government’s initiatives 

to improving water quality. 

Water Quality Monitoring 

212 Submissions 1, 7, 9 and 10 raise matters of concern regarding water 

quality monitoring involved with the Project. 

213 Submission 1 from Fish and Game Council provide support of the 

conditions should E.coli testing continue. 

214 Submissions 9 from Stefan Dadic & Amber Potts and 10 from 

Whanganui District Council Rural Community Board raise concerns that 

there is no evidence to suggest that there is water quality sampling at the 

site, and that water quality monitoring should occur. 

215 I have outlined what I believe is a very comprehensive programme of 

investigations to inform this consent application and I have helped 

develop the monitoring conditions proposed by the Department.  These 

conditions have been thoroughly thought through to ensure that the data 

collected is relevant to the Department’s discharge and can inform 

actions that the Department can take, in the unlikely event that this is 
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required.  I believe that the monitoring set out in the draft conditions 

would address these submitters’ concerns. 

216 Submissions 7 from Neil Colin Campbell and 10 from Whanganui 

District Council Rural Community Board claim that the water quality 

sampling is insufficient in characterising the discharge in various 

conditions, and that the runoff is not tested along with the lake water. 

217 The work carried out to date by the Department represents a very 

thorough characterisation of stormwater quality.  I believe that there is 

sufficient data to understand the nature of the receiving environment, 

and therefore the effects of this discharge on water quality. 

SECTION 42A REPORT  

218 Two reports were prepared by Mr Brown as a part of Horizons Regional 

Council’s S42a report. 

219 Mr Brown correctly describes the current state of the lake, including 

NPS-FM attribute bands and the issues facing the lake. 

220 However, I do not agree with the significance that he places on the 

Department’s stormwater discharge as a contributor to its current state 

or its decline.  My reasons for this are set out below. 

221 Water quality decline in coastal lakes in the region is not new and was 

recognised at the time the prison was being developed.  For example, 

NIWA reported degradation in the state of the lakes from the mid-1970s 

with data to support eutrophication from the early 1980s.  Earlier data 

reported by Fowles in the 1974/75 summer showed the development of 

anoxic conditions at depth in Lake Wiritoa. 

222 Reports commissioned by Horizons Regional Council contain a range of 

recommendations to attempt to address water quality issues in these 

lakes.  While these reports identify the discharge of stormwater from the 

prison as a contributor of contaminants to Lake Wiritoa, they are based 

on one sample of stormwater taken by the Regional Council on one 
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occasion in 2013.  This single sample shows significantly higher 

contaminant concentrations than those currently measured (Table 11).  

This may have misled the direction of these reports28 and Council’s later 

appreciation of the effect of this discharge on water quality. 

Table 11: comparison of stormwater analyses 2019/2020 with that reported by 

NIWA 2013 

223 Mr Brown’s assertion that the discharge is unable to comply with the 

relevant One Plan Targets is based on his evaluation of one set of data 

provided by the Department to the Council.  Table 8 of my evidence 

 

28 For example, Cawthron (2019) state “samples taken from this stormwater in 2013 were 
highly enriched in nutrients and dissolved metals (copper and zinc) (Gibbs and Champion 
2013). 

Parameter Units 

Mean (Dec, 

May, July 

results) 

NIWA 2013 

Increase 

     

   

Total Suspended Solids mg/L 20 95 4.8 

Total Zinc mg/L 0.0743 0.18 2.4 

Dissolved Zinc mg/L 0.0661 0.1560 2.4 

Total Copper mg/L 0.0034 0.012 3.5 

Dissolved Copper mg/L 0.0029 0.0094 3.2 

Total Nitrogen1 mg/L 0.578 3.97 6.9 

Ammoniacal Nitrogen mg/L 0.076 0.02 0.3 

Total Phosphorus mg/L 0.088 0.354 4.0 
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shows that the discharge of treated stormwater will be able to meet the 

One Plan targets after mixing. 

224 Mr Brown in his initial report, tends to dismiss this compliance with the 

One Plan targets and goes on to focus on the load of contaminants to the 

lake and likely cumulative effects.  

225 However, there is no data that he has used to support his concerns.  I 

have been able to ascertain that the discharge of stormwater from the 

site represents less than 6% to 14% of inflows into Lake Wiritoa, the 

Total Nitrogen loads in treated stormwater are orders of magnitude 

lower than that discharged into the lake via groundwater or surface 

water and that Total Phosphorus from treated stormwater represents less 

than 5% to 13% of the Total Phosphorus Load to Lake Wiritoa.  

Furthermore, the Total Phosphorus load from treated stormwater is a 

very small proportion of the estimated internal Total Phosphorus load. 

226 Not all nutrient inputs into Lake Wiritoa can be accounted for due to a 

lack of monitoring data.  This has been identified by both NIWA in 

2013 and again by Cawthron in 2019 as key barriers to adequately 

managing these coastal lakes. 

227 From my analysis I can confidently state that the majority of nutrient 

loads into Lake Wiritoa are from groundwater, surface water sources 

and release of nutrients from sediment, with stormwater being a very 

minor contributor. 

228 Mr Brown in his first report concludes that if all other sources of 

nutrient were turned off, the consent would be unable to meet the One 

Plan Targets.  This is incorrect, as I have shown in Tables 5 to 8 that the 

discharge will be able to meet the One Plan Targets.  However, the 

converse is true.  If consent were declined and the stormwater discharge 

ceased, the inputs of nutrients through groundwater and surface water 

and internal nutrient cycling would mean that the water quality in Lake 

Wiritoa would continue to decline and certainly would not meet the One 

Plan Targets.  In fact, for nitrogen, stopping the discharge would 
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potentially accelerate this decline for that nutrient, as the concentration 

of Total Nitrogen in stormwater is lower than that in surface water. 

229 Ceasing the discharge of stormwater into Lake Wiritoa would also result 

in an increase in residence time in the lake, further increasing the 

potential for water quality decline. 

230 Mr Brown at several points discussed issues related to “flipping” of the 

lakes.  The potential for this to occur is discussed by Dr Keesing.  

However, the bathymetry of the lake is such that it will stratify from 

time to time, leading to depletion of oxygen in the hypolimnion and the 

potential for the release of phosphorus from sediment into the water 

column. 

231 In paragraph 67 of Ms Adsett’s S42a Supplementary Report she relies 

on the advice of Mr Brown to draw a conclusion that the discharge of 

stormwater would contribute to the degraded state of the lake and 

potentially exacerbate this situation.  Para 67 states: “Mr Brown has 

compared the lakes water quality with the attributes. A proportion of 

them sit in Band D which is below the national bottom line. I consider 

this a degraded state. Section 3.20 is clear in its desire to prevent 

further degradation of water bodies and, based on the evidence 

presented, I consider this discharge will, due to the sink like nature of 

the lakes, continue to contributed to this degraded state and potentially 

exacerbate it.” 

232 For Total Nitrogen the discharge of treated stormwater from the Prison 

is above the National Bottom Line, and above current concentrations in 

Lake Wiritoa – so the discharge of this contaminant will not contribute 

to this degraded state and will in fact improve it above the National 

Bottom line for this attribute and move it towards the One Plan Target. 

233 For Total Phosphorus the discharge of treated stormwater is below the 

National Bottom line and marginally above the concentration of Total 

Phosphorus currently measured in the Lake Wiritoa (the concentration is 

less than 1% higher than that measured in Lake Wiritoa, which in my 

opinion is immaterial and would not result in further degradation of 
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water quality).  However, there are mitigation measures that are 

described by Dr Hamill in his evidence and offered in the Department’s 

suite of consent conditions that would mean that the discharge of 

stormwater would improve the discharge about the National Bottom 

Line. 

234 With the treatment and mitigation proposed, the discharge of stormwater 

would not in my opinion result in further degradation of water quality, 

would certainly not exacerbate it, and would see an improvement in 

water quality. 

CONSENT CONDITIONS 

235 I have reviewed the draft consent conditions offered by the Department. 

236 I support the preparation and implementation of the stormwater 

management plan as proposed in Condition 3, particularly objectives to 

continue to minimise the adverse effects on the environment and to 

continually improve the quality of the stormwater discharge, including 

consideration of water sensitive design methods and water re-use to 

moderate peak flow rates and manage stormwater quality. 

237 I support the construction and installation of a proprietary treatment 

device as proposed in Condition11.  Its implementation is central to the 

conclusions I have reached that the effect of the discharge of treated 

stormwater on water quality would be less than minor. 

238 Conditions proposed by the Department include the monitoring of 

stormwater quality and sediment quality, which I support to enable the 

quality of stormwater following treatment to be characterised and to 

monitor potential accumulation of selected metals in sediment 

downstream of the outlet. 

239 Upon my recommendation, an amended new condition (E) proposes an 

investigation to determine the quality of stormwater discharging from 

the site following the construction of the proposed proprietary 
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stormwater treatment device29. This investigation will characterise 

stormwater quality following treatment and demonstrate that the 

objectives of treatment have been achieved. 

240 The Department has proposed to monitor sediment for copper and zinc, 

as these are indicative of the Site’s stormwater discharge.  The adoption 

of the Australian New Zealand Guideline Values default guideline 

values as triggers for further investigation (or action if necessary) would 

ensure the protection of aquatic species in the vicinity of and 

downstream of the stormwater discharge point. 

241 I note that the Department is offering to assist Horizons Regional 

Council to improve water quality in the Lake, and has proposed a 

condition specifying a contribution for a range of measures that will 

inform the creation (and subsequent implementation) of a lake 

restoration plan (Condition 17).  Condition 17 includes activities to 

reduce nutrient loads in lakes Pauri and Wiritoa over the duration of the 

consent, which I support.  These initiatives would see the removal of 

nutrient to levels as if the discharge were complying with the One Plan 

targets, but it needs to be recognised that for these targets to be 

achieved, a much larger programme of initiatives (both catchment-wide 

and in-lake) would need to be implemented. 

242 I have reviewed the response by Horizons Regional Council to the draft 

consent conditions offered by the Department. 

243 New Conditions B and C require set out requirements for monitoring of 

the discharge and telemetering this data to the Council: 

[New Condition B] Prior to exercising this consent or in 
the case of a renewal, no more than three (3) months after 
a  renewal has been granted, the consent holder shall have 
a flow meter installed by an accredited installer.  The flow 
meter must be:  

a. located on the stormwater discharge line; and  

 

29 This replaces a condition proposed by Horizons Regional Council for two monthly 
monitoring over the duration of the consent term (as discussed later in my evidence) 
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b. have a pulse counter output traceably calibrated to +/- 
5% or better; and  

c. capable of providing daily water discharge volumes as 
well as a pulse counter output; and   

d. positioned to measure the entire volume discharge 
under authorisation of this consent.” 

244 While these conditions would be expected for a water take it is highly 

usual for this to apply to a stormwater discharge consent, where pipe 

sizes, flow paucity (there are only 116 rainfall days each year) and flow 

variability when it rains are significant complicating factors.  To be able 

to measure flow to less than 5% in the Department’s network would not 

be possible. 

245 New Condition E requires monitoring of stormwater quality as repeated 

here: 

The consent holder shall, every 2 months, undertake 
sampling of the stormwater. The sampling event shall 
occur after the first rainfall event after a period of at least 
96 hours without rainfall onto the prison grounds. The 
samples shall be collected from the two manholes located 
adjacent to Pauri Domain Road located at approximately 
39°58'49.58"S, 175° 5'43.70"E via an auto sampler. 
Samples shall be collected hourly by auto sampler for a 
maximum of 6 hours (if the event is less than 6 hours then 
sampling may occur for a shorter period of time). The 
samples shall be tested for the following parameters:  

a. Total Phosphorus;  

b. Total Nitrogen;  

c. Nitrate;  

d. Nitrite;  

e. Ammoniacal-N;  

f. E. coli;  

g. Dissolved Reactive Phosphorus;  

h. Total Petroleum Hydrocarbons;  

i. Polycyclic aromatic hydrocarbons (PAH’s);   

j. Total Suspended Solids;  

k. Total and dissolved zinc;  

l. Total and dissolved copper;  

m. Total and dissolved lead;  

n. Total and dissolved nickel;  

o. pH; and  

p. Hardness (as CaCO3 g/m3 ) 
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Results shall be compared against the One Plan lake water 
quality targets (for deep lakes) and any relevant  
Freshwater National Policy Statement attributes for 
lakes.” 

246 There are a range in technical deficiencies in this condition, including 

the duration of dry weather prior to monitoring (usual protocols would 

have this as 48 hours), hourly sampling (noting that the three events 

sampled by the Department and presented in my evidence, had durations 

of 4 hours or less, meaning that the number of samples collected in any 

one event would be insufficient to characterise that discharge).  It would 

also be unlikely that such a programme would be able to meet the 

withholding times for analysis of E Coli. 

247 The range of parameters is much greater than those needed to assess 

water quality against the One Plan targets and NPS-FM attributes, and 

as outlined at the beginning of my evidence many of them are not a 

contaminant of concern in stormwater. 

248 When these conditions are read together it appears that the Regional 

Council wishes to have contaminant loads monitored to: “enable the 

establishment of loads discharged to the lakes as a result of the 

discharge (to go alongside the stormwater quality monitoring)”.  In my 

opinion these conditions will not necessarily achieve that outcome and 

will be costly to comply with. 

249 Stormwater contaminant loads discharged to the lake can be established 

through a focused investigation programme such as that proposed by the 

Department in its amendment to new Condition E.  Once contaminants 

loads have been established, I see very little value in this being repeated 

every two months over the duration of the consent.  In my experience 

once reliable contaminant levels have been established, they change 

very little in mature catchments such as this. 

250 The cost for continuous sampling of the type proposed by Horizons is 

expensive, with capital costs ranging from $100,000 to $150,000 for the 

supply and installation of autosamplers, and ongoing monitoring and 

analysis costs being in the order of $30,000 to $40,000 per annum.  
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251 Condition 12 requires the monitoring of phosphorus and nitrogen in 

sediment in addition to that proposed by the Department.  The purpose 

of sediment monitoring is to monitor contaminants characteristic of the 

site’s stormwater discharge, and where there are published criteria for 

comparison purposes (I am unaware of environmental criteria for 

nitrogen or phosphorus in sediment).  As set out earlier, the 

concentrations of phosphorus and nitrogen in surface waters are 

elevated, and in the event that elevated concentrations were detected in 

sediment it wouldn’t be possible to attribute that to the site’s stormwater 

discharge. 

252 Condition 15 requires sediment sampling to be undertaken in March and 

August of every year.  While timing of monitoring to ensure that the 

samples are collected at 6 monthly intervals is accepted, requiring 

monitoring in March and August may not be possible due to factors such 

as high water levels restricting access to the sampling locations. 

CONCLUSIONS 

253 Stormwater discharged from the Department’s Whanganui Prison has 

very low to moderate concentrations of suspended sediment, moderate 

concentrations of zinc, nitrogen and phosphorus and low concentrations 

of copper and ammonia. 

254 The concentration of contaminants are much lower than those in 

stormwater from comparable environments across New Zealand.  This 

reflects the type of built environment at the site, and the work carried 

out by the Department to improve stormwater quality.  Stormwater 

quality will be further improved with the construction of a proposed 

proprietary treatment device. 

255 With these measured in place, the adverse effects of the discharge on 

water quality in Lake Wiritoa is likely to be negligible, and allowing for 

an agreed dilution factor of 5 times, the One Plan water quality targets 

for Lake Wiritoa would be met for all contaminants with the potential 

exception of Total Phosphorus and Dissolved Zinc.  These exceedances 
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would be small (less than 5% over the One Plan target for Total 

Phosphorus and 7% for Dissolved Zinc). 

256 When water quality upstream and downstream of the discharge point is 

accounted for, the high concentrations of Total Phosphorus and Total 

Nitrogen currently measured in Lake Wiritoa and Lake Pauri, makes it 

impossible for the discharge of treated stormwater from the site to 

comply with the One Plan targets for these contaminants.  However, the 

concentration of Total Nitrogen in the discharge is significantly lower 

(2.75 times) than in water upstream (in Lake Pauri) and downstream (in 

Lake Wiritoa) of the discharge.  The increase in Total Phosphorus 

concentration as a result of the discharge of stormwater is marginal 

(2%), and the effect of the discharge on the concentration of Total 

Phosphorus in Lake Wiritoa would be undiscernible at start of Lake Arm 

1. 

257 In terms of contaminant loads, groundwater, surface water and internal 

cycling of nutrients in the lake contribute greater contaminant loads to 

Lake Wiritoa than the prison’s stormwater.  While the prison’s treated 

stormwater is less than 6-14% of the annual inflow to Lake Wiritoa, the 

annual load of Total Nitrogen is less than 4% and Total Phosphorus is 

less than 3%, of the annual catchment loads to this lake.  These are very 

minor contributions. 

258 The works carried out by the Department have removed between 27 and 

120kg of nitrogen and 5 kg of the annual phosphorus load to the Lake 

from the discharge.  These are significant reductions in contaminant 

loads from the Department’s stormwater discharge.  

259 Although it is possible that the discharge of treated stormwater may not 

be able to meet the One Plan Target for zinc for some stormwater 

discharge events, the magnitude of this exceedance is small and is 

unlikely to result in an adverse effect.  There is some evidence of zinc 

accumulation in sediment at the discharge point, but not to the extent 

that this would result in an adverse effect on the environment. 
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260 Low concentrations of E. coli are present in stormwater and are most 

likely from catchment runoff sources and following its discharge would 

meet the parameters of the One Plan at the Lake margin, to meet 

recreational water quality standards. 

 

Date: 2 November 2020 

 

 

 . . . . . . . . . . . . . . . . . . . . . . . . . . 

Peter Robert Cochrane 
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ATTACHMENTS 

ATTACHMENT1:  Photograph samples at SWMH1 on 3 December 2019 

ATTACHMENT2:  Photograph samples at SWMH2A on 3 December 2019 

ATTACHMENT3:  Photograph samples at SWMH1 on 24 mAY 2020 

ATTACHMENT4:  Photograph samples at SWMH2A on 24 mAY2020 

ATTACHMENT5:  Photograph samples at SWMH1 on 21 jULY 2020 

ATTACHMENT6:  Photograph samples at SWMH2A on 21 jULY 2020 
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ATTACHMENT1:  Photograph of all samples collected at SWMH1 on 3 

December 2019, showing a reduction in suspended sediment (turbidity) in 

stormwater with time.  Note RW refers to a rainwater sample collected over the 

duration of the event. 
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ATTACHMENT 2: Photograph of all samples collected at SWMH2a on 3 

December 2019, showing the reduction in suspended sediment in stormwater with 

time. 
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ATTACHMENT 3:  Photograph of all samples collected at SWMH1 on 24 May 

2020, showing a reduction in suspended sediment (turbidity) in stormwater with 

time.  Note RW refers to a rainwater sample collected over the duration of the 

event. 
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ATTACHMENT 4: Photograph of all samples collected at SWMH2a on 24 May 

2020, showing the reduction in suspended sediment in stormwater with time. 
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ATTACHMENT 5: Photograph of all samples collected at SWMH2a on 21 July 

2020, showing the reduction in suspended sediment in stormwater with time. 
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ATTACHMENT 6: Photograph of all samples collected at SWMH2a on 21 july 

2020, showing the reduction in suspended sediment in stormwater with time. 

 

 

 


