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EXECUTIVE SUMMARY 

This summer sustainability research was aimed to design a data collection system to calibrate a 

stormwater quality assessments model, MEDUSA (Modelled Estimates of Discharges for Urban 

Stormwater Assessments), for the Okeover Stream catchment. 

Since 1996, the UC Campus Waterways Group has worked in liaison with the Christchurch City 

Council to restore the ecosystem health and biodiversity of the Okeover Stream, which runs 

through the campus. It has been identified that the poor quality of the stormwater runoff from 

the catchment limits the success of the restoration work. The MEDUSA model is currently being 

developed by the Hydrological and Ecological Research Group at University of Canterbury, 

aiming to identify the best stormwater management options. The existing water quality data has 

been analysed to confirm key contaminants, and sediment and heavy metals are affirmed to be 

the main concerns. At this stage, more field data is needed to calibrate the coefficients of the 

equations in the model, so that later the accuracy of the model could be verified by a new set of 

local data. 

This report outlines the methods to sample stormwater runoff and to monitor the in-stream 

water quality within the catchment. The runoff from roofs was sampled by using Teledyne ISCO 

6712 portable samplers, whilst the runoff entering the sumps from a road and a road and roofs 

mix sub-catchment were collected manually. The in-stream water parameters were measured 

continuously using Odyssey capacitance water level loggers, a YSI Professional Plus multilogger 

and a Greenspan TS3000 turbidity sensor. The concentrations of the total suspended solids and 

total and dissolved heavy metals were quantified by carrying out the laboratory tests. The values 

for the total metal and total suspended solids are required for the calibration. However, 

nitrogen-ammonia, chemical oxygen demand, total alkalinity and total acidity were also tested to 

examine the significance of those indicators from different types of roof materials. 

The types of roof materials, conditions of the roofs and local climatic parameters were also 

investigated. A roof survey was conducted by visual inspection to update the roof type and roof 

condition attributes on the catchment map (see Appendix B). Recent climatic characteristics 

(number of antecedent dry day, rainfall intensity and event duration) for the catchment were 

analysed using data retrieved from NIWA CliFlo database (Kyle St Ews Weather Station) to 

generate climatic scenarios to test the model. 
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1 INTRODUCTION  

1.1 Background 

The main campus of University of Canterbury (UoC) is located in a western suburb of 

Christchurch. The 87 hectare campus comprises academic and administration buildings, halls of 

residence, roads, car parks and green spaces; approximately half of the campus area is covered 

by impermeable surfaces. The impermeable surfaces hinder rainwater from infiltrating into the 

ground. As a consequence, the rainfall becomes stormwater runoff and is collected via 

underground pipes, discharging directly into three waterways within the campus without any 

prior treatments. The three surface waterways are: the Avon River to the south, the Okeover 

Stream to the north, and the Ilam Stream near the University Staff Club. Since the expansion of 

the Western Christchurch and the development of UoC in the late 1950s, the stream flows 

changed significantly. Stormwater runoff and building discharges replace groundwater springs 

eventually becoming the main water sources for the waterways (Thin, 2007). The stormwater 

runoff is discharged directly into the streams, potentially washing off sediment, heavy metals, 

nutrients and hydrocarbons from the impermeable surfaces.  

From 1996, UC Campus Waterways Group has worked in liaison with the Christchurch City 

Council (CCC) to restore the ecosystem health and enrich the biodiversity of the Okeover Stream. 

It has been identified that the poor quality of the stormwater runoff from the catchment limits 

the success of the restoration work (Farrant, 2006). Since 2006, the UoC researchers have been 

collecting water quality and quantity data on the Okeover Stream, and a database has been 

established. 

University of Canterbury is committed to gradually transform into a more sustainable 

institution, and minimising negative impacts on stormwater runoff from the campus is 

embedded in the UoC Sustainability Strategy Draft 2012-2022 (UoC Sustainability, 2012, p.11). 

As part of the efforts, UC Sustainability Office and Environment Canterbury (ECan) co-funded the 

10-week summer scholarship research project to support the development of a stormwater 

quality assessments model. The model, MEDUSA (Modelled Estimates of Discharges for Urban 

Stormwater Assessments), is currently being developed by Frances Charter, a PhD candidate in 

the Department of Civil and Natural Resources Engineering. 

As the rebuild is well under way after the 2011 Christchurch earthquake on the campus as well 

as in the city, MEDUSA would aid to improve stormwater management through evaluating the 
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effectiveness of retrofitting stormwater reduction or treatment infrastructure in the established 

urban area. 

1.2 A Localised Stormwater Assessments Model 

The primary goal of MEDUSA is to identify the best stormwater management options to enhance 

the water quality of urban waterways. This is achieved with a model that includes the peak 

contaminant loads entering a waterway during a storm event. To date, Christchurch-specific 

stormwater quality assessments models are few. There are internationally available models, but 

these models require sophisticated input. Therefore, they tend to be costly. A simpler and 

catchment-specific model would be useful for planning and designing stormwater management 

options in a local scale. 

Studies conducted since 2006 have identified sediment (which could be quantified by measuring 

total suspended solids (TSS)), copper, zinc and lead as the main contaminants of concern for the 

Okeover stream (Taffs, 2007). Several studies (Pennington & Webster-Brown, 2008; He, 

Odnevall & Leygraf, 2001) have shown that climatic characteristics, such as rainfall pH, storm 

event duration, intensity and the number of antecedent dry days before the event, would affect 

the contaminant loads. MEDUSA is based on specific build-up and wash-off equations coupling 

with the climatic variables to estimate contaminant loads of TSS, total metals (zinc, copper and 

lead) generated by single storm events. 

Three types of impermeable surfaces: roof, car park and road, are defined in MEDUSA. Each 

surface contributes different amounts of each contaminant. Individual equations are used to 

relate each contaminant to rainfall characteristics. Those equations are empirical, and the 

coefficients need to be calibrated for a specific catchment. Currently, the coefficients of the 

equations were derived from literature, so local data is needed to calibrate and verify the model 

for the Okeover Stream catchment. Therefore, designing a data collection system, conducting 

field work and analysing the samples were the main focus of the summer research project. 

Most of the other water quality assessment models in New Zealand are annual based. They are 

intended to estimate annual contaminant loads: an accumulated amount that is generated over a 

one year period. In contrast, MEDUSA is an event based model. This is beneficial because each 

storm event produces a peak contaminant load that is responsible for acute toxicity effects. 

MEDUSA is able to identify the peak contaminant loads produced by single storm events. 

Moreover, stormwater management options, including source reduction practice and treatment 

infrastructure installations (such as use of green roofs, rain gardens and permeable paving), are 

being incorporated into the model to estimate the contaminant load reduction from unmitigated 
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conditions. MEDUSA would provide a method to examine the effectiveness of treatment on 

reducing peak contaminant loads. 

1.3 Project Scope 

As the period of the summer scholarship was limited to 10 weeks, the data collected was 

restrained by the number of the storm events that occurred between November 2013 and 

February 2014. The data collection design process also involved significant efforts in 

experimenting with different roof runoff sampling methods. At this stage, more filed data still 

needs to be collected to calibrate the model more accurately. Nonetheless, this report documents 

the tasks have been performed so far. 

The following are the initiatives that have been accomplished over the summer:  

 Collecting runoff from the roofs and roads 

 Designing a roof runoff sampling system 

 Analysing the samples  

 Installing the in-stream water quality measurement instrument 

 Surveying the materials and conditions of the roofs  

 Analysing climatic characteristics using data from the NIWA CliFlo database. 

Each of the initiatives is discussed in further details in the following sections. However, the 

results and analysis of the results from the laboratory tests conducted is not covered in this 

report. 
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2 FIELD SAMPLING AND MONITORING 

2.1 Roof 

2.1.1 Sampling Strategy 

The majority of impermeable surfaces within the Okeover Stream catchment are roofs, but 

water quality data from roof runoff, internationally and locally, is few. Therefore, sampling and 

monitoring runoff from the roofs were the main goal of the summer research project. Galvanised 

roofs and concrete tile roofs are the two most common types of roofs within the catchment. 

Initially, samples from a concrete roof and a galvanised roof were collected. Later, a copper roof 

was also added because of the concern of the ease of leaching of copper. For each storm event, 

six samples (2 L per sample) at a different point of time during the storm event were collected. It 

was intended to catch the first-flush, which was expected to contain the highest contaminant 

concentration, as well as the runoff with contaminants that have reached a steady concentration 

level. Optimally, a plot of contaminant concentration against time showing its first-flush and 

steady state concentration would be generated from the results obtained.  

Out of a 2 L-sample, a minimum of 0.75 L was used for the TSS test. However, it was found that 

the TSS concentrations were low, so increasing the volume of each sample may produce a more 

accurate result for TSS tests. 

As Christchurch has a relative dry weather in summer, it was intended that samples would be 

collected from all the storm events. 

2.1.2 Sampling System 

The initial roof runoff sampling system designed was shown in Figure 1. The system consisted of 

a programmed Teledyne ISCO 6712 portable sampler, a liquid level actuator and a plastic 

collection reservoir with a drainage hole and a lid. The portable sampler was programmed to 

gather a 2 L-sample when the sampler was activated by the actuator, and it was intended to 

gather five more samples in the next four hours. 

The primary design goals were to collect the first flush runoff and to ensure that the water 

sample collected was generated as close to the time of collection as possible. The dimension of 

the trough was 12 x 17 x 33 cm. The trough was designed to have a minimum volume to gather a 

2 L-sample at a time but still accommodate the length of the strainer. The volume of the trough 

was minimised, so the sampler would be more likely to be activated just when the stormwater 
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starts to run out from the downpipe. This also ensured that the excess water could overflow 

more easily. A tiny outlet was made at the bottom of the trough to allow the excess water in the 

trough to be fully drained away. However, it was found the system may miss the first-flush 

because of the drainage hole especially when the rainfall intensity was low. A new design is 

aimed to ensure the first-flush is captured (see Figure 2). The new system would have a PVC 

pipe extended horizontally from the downpipe. The runoff would fill up two 1 L bottles before 

flowing into the trough at the end of the extended pipe. 

 

Figure 1: The setup of the initial sampling system. 

 

 

Figure 2: The new sampling set-up to ensure that the first-flush is collected. 
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2.1.3 Sampling Locations 

Galvanised Roof 

All of the current roof and road sampling locations are indicated on the Okeover Stream 

catchment map in Appendix B.  

The runoff from a galvanised steel roof was collected from the downpipe located on the north-

west end of the civil engineering building. The roof area it collects the stormwater from is 

approximately 133 m2. The site was chosen because the roof area is relatively large and it was 

composed of only one type of roof material. It was also located in the area that would not 

interfere with other university activities. The site was next to a bicycle shed which provided 

shelter in the rain. 

Concrete Tiles Roof 

The selected location for the concrete tiles roof runoff sampling was a residential house on 

Montana Avenue in close proximity to the university campus. The sampling area was  

46 m2. The roof was approximately 60 years old and most of the tiles appear to be original. 

2.2 Road and Road-roof Mixed Sub-catchment 

After several storm events, it was observed that the TSS and water quality of runoff entering the 

sumps by the roads seemed significantly worse than runoff from the roofs. Subsequently, runoff 

from two selected sumps were sampled manually. The results from the road and the mixed sub-

catchment were intended to be compared with each other and those obtained from the roofs. 

Appendix B shows the locations of the sumps and the area they collect the runoff from. The 

sump on Ilam Road collects runoff only from the road, while the sump on the northern end of 

Montana Ave collects runoff from both the road and the roofs (a mixed sub-catchment). A 100 ml 

bottle was used to collect the runoff at the entering of the sump, and then the sample was 

transferred into a 1 L bottle. It is intended to collect samples at the same time interval as the 

roofs’ in a storm event. The sample collection was only practical when the rainfall intensity was 

high enough.  

2.3 In-stream Monitoring 

In-stream water quantity and quality monitoring was also set up: four sites are along the 

Okeover Stream and one site is inside the culvert under Ilam Road. Appendix B shows the 

locations of the monitoring sites. All sites had an Odyssey capacitance water level logger 
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installed. The site under the Engineering Bridge (Site 3) also had a Greenspan TS3000 turbidity 

sensor and a YSI Professional Plus multilogger installed. Turbidity, temperature, dissolved 

oxygen (DO), electricity conductivity and pH of the stream were continuously measured. 

3 LABORATORY TESTING 

3.1 Sampling Parameters 

Table 1 summarises the parameters tested, methods used to collect the samples and the 

minimum volume required for the test without consideration of duplicates. The pH was 

measured on-site using a portable pH meter, but all other parameters were analysed in the 

laboratories. The metals tested were copper, zinc and lead. The samples were preserved, 

digested and then analysed by the Chemistry Department using ICP-MS technology. Only TSS 

and total metal are required to calibrate MEDUSA, but other water quality parameters were also 

tested to examine their significance. The results were added to the existing database and could 

be used in the future research. 

Table 1: The sampling parameters and minimum volume required for the tests. 

Parameter Sampling Method 
Minimum Volume 

Required (ml) 

 Roof Road  

TSS Autosampler Manual 750 

Total Metal Autosampler Manual 60 

Dissolved Metal Autosampler Manual 30 

Nitrogen-Ammonia* Autosampler Manual 2 

Total Alkalinity** Autosampler Manual 200 

Total Acidity Autosampler Manual 200 

COD Autosampler Manual 5 

pH Manual Manual 50 

 

The indications of the water quality parameters are explained in Table 2. They are primarily a 

summary of Volunteering Stream Monitoring: A Methods Manual from the United States 

Environmental Protection Agency (EPA, 1997). 
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Table 2: Indications of the sampling parameters. 

Parameters Indications 
TSS TSS is a measure of particles that could not pass through a 2 µm filter 

paper. Toxicity of a stream may increase when concentration of TSS is 

high because toxics are readily attached to suspended solids. High TSS 

also decreases water clarity hence the light available to support 

photosynthesis of aquatic plants. TSS also has been shown to alter 

predator-prey relationships (Wenger et al., 2013). 

Total/Dissolved Metal Heavy metals are toxic to organisms. Suspended heavy metals could be 

absorbed by living organisms when the pH or temperature of the water 

body changes. Copper, zinc and lead are the main concern of heavy 

metals for the Okeover Stream Catchment. 

Nitrogen-Ammonia Nitrogen-ammonia is a form of nitrogen and was tested to indicate the 

level of nitrogen in the runoff. High level of ammonia could be toxic to 

fish. Ammonia could be oxidised to nitrates, which are essential plant 

nutrients. Excess nitrates would accelerate eutrophication promoting 

certain plants to grow. Dissolved oxygen may be depleted as a result 

(hypoxia). 

Total Alkalinity Total alkalinity was quantified by the amount of acid required to reduce 

a sample to a pH of 4.5. Alkalinity is a measure of the capacity of water to 

neutralize acids. It indicates the sensitivity of the stream to acid inputs. 

Total Acidity Total acidity was quantified by the amount of base required to increase a 

sample to a pH of 8.3. Acidity is a measure of the capacity of water to 

neutralised bases. It indicates the sensitivity of the stream to base 

inputs. 

COD COD is a measure of the oxygen equivalent of the organic matter 

required to chemically oxidised organic compounds in the sample. COD 

indicates the amount of organic matters in the water. It is an alternative 

to biological oxygen demand (BOD) which requires lengthy BOD 

analysis.  

pH pH is a measure of the relative amount of free hydrogen and hydroxyl 

ions in a liquid. pH affects many chemical and biological processes in the 

water. The majority of aquatic animals prefer a range of 6.5-8.0. Low pH 

could also allow heavy metals to become mobile and absorbed by 

aquatic organisms. 
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3.2 Preliminary Results 

As discussed in 1.3, the numbers of sample collected over the summer research period were 

limited. The preliminary results so far show that total alkalinity and COD for the concrete roof 

and road were elevated, and nitrogen-ammonia and TSS were low for all the surface types. Even 

though TSS values were low, more data was required to calibrate model coefficients. 

4 LABORATORY ANALYSIS 

The detailed sample analysis procedure was documented and could be obtained from the 

authors. The laboratory worksheets, which were produced by Frances Charters, are attached in 

Appendix A. All the equipment that would be in contact with the samples was properly cleaned 

following the acid-wash process. All samples were kept refrigerated at 4°C until analyses. Table 

3 provided by Louise Murphy from the HydroEco Research Group, summarises the preservation 

methods and the maximum holding time used. Those follow the standards set in the Standard 

Methods for the Examination of Water and Wastewater (American Water Works Association, 

American Public Health Association, & Water Environment Federation, 1999). All tests were 

complemented with an appropriate number of blanks and duplicates for the quality assurance 

and control.  

Table 3: Preservation method and maximum holding time of the samples based on  
APHA standard methods guidelines. 

Analytical parameter Preservation and storage Maximum holding time 

pH - Immediately 

Alkalinity/Acidity 4 ºC 14 days 

Conductivity 4 ºC 28 days 

Turbidity 4 ºC 48 hours 

TSS 4 ºC 48 hours 

Total and dissolved 

metals 

4 ºC ; acidify with concentrated 

nitric acid below pH 2 

6 months 
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5 OTHERS TASKS CONDUCTED 

Surveying Roof Type 

A roof survey was conducted by visual inspection to update the roof material type and condition 

attributes within the Okeover Stream Catchment. The roof material and the condition of it are 

important because the material and condition of the roofs would contribute to different leaching 

constituents and levels, but the data available required updating. The map in Appendix C 

illustrates the updated roof types categorised thus far based on the survey carried out. The 

yellow polygons show the coverage of the roofs on the University campus. 

Generating Climatic Scenario 

The recent local climatic characteristic conditions (the antecedent dry day and average rainfall 

intensity) were generated by analysing data retrieved from the NIWA CliFlo database. The 

station closest to the catchment, the Kyle Street automatic weather station, was used. The 

rainfall pH data was obtained from the previous year record kept by the Civil and Natural 

Resources Engineering Department’s Environmental Lab. Table 4 shows an example of the 

analysis result for 2013. The result would be used as a climatic scenario to test the model. 

Table 4: Example of recent climatic characteristics. 

Event Date ADD Duration Average Rainfall Intensity pH 

1 2-Jan-13 2 10 0.87 5.93 

2 10-Jan-13 7 2 0.55 6.08 

3 15-Jan-13 5 12 1.24 6.38 

4 17-Jan-13 2 11 0.83 5.60 

5 4-Feb-13 17 20 0.98 5.92 

6 7-Mar-13 30 5 0.34 5.88 

7 17-Mar-13 10 24 0.88 5.92 

8 31-Mar-13 12 2 0.35 6.72 

9 7-Apr-13 8 2 0.25 5.82 

10 9-Apr-13 1 3 0.30 5.85 
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6 CONCLUSION 

The objectives of the summer sustainability research project were to design a data collection 

system, to gather field data and to analyse the samples to calibrate a stormwater quality 

assessments model, MEDUSA, for the Okeover Stream catchment. The main focus was on 

collecting runoff from the galvanised, concrete tiles and copper roof. Runoff from the road and 

road-roof mix sub-catchment were also collected. The preliminary results show that total 

alkalinity and COD for the concrete tiles roof and road were elevated, and nitrogen-ammonia 

and TSS were low for all the surface types. Due to the time constraints, more field data is needed 

to calibrate the model. Frances Charters will continue on the data collection as part of her PhD 

research.  
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 LAB ANALYSIS WORKSHEETS Appendix A
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 MAP OF THE OKEOVER STREAM CATCHMENT Appendix B
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