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1. Introduction 

SKM, acting as subconsultants to Opus International Consultants (Opus), has been commissioned 

to assess the environmental effects of the emissions discharged to air from the Cambridge Section 

of the Waikato Expressway (the Project).  This assessment of effects on air quality reviews urban 

air quality monitoring data in the vicinity of roads elsewhere in New Zealand, estimates discharges 

to air from the Project and presents results from air dispersion modelling for comparison with air 

quality guidelines and standards.  The dispersion modeling results, as part of the assessment, are 

discussed in Section 7 of the report. 

Construction dust effects are also considered in this assessment of effects and recommended 

mitigation and monitoring are discussed in Sections 8 and 9 of this report. 
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2. Methodology 
 

This assessment of effects of the Project on air quality has been undertaken based on the 

information supplied by Opus, which was used to define the parameters for the assessment. 

The approach followed in undertaking this assessment of air quality effect comprises the following: 

1) A description of the Project in its operational and construction phases. 

2) Identification of the environmental setting and any constraints, including sensitive 

receptors and characterisation of the background air quality.  Sensitive receptors were 

identified from an aerial roll plot with an overlay of the Project provided by Opus.  

Receptors out to 200 m of the Expressway were considered; however, principally 

residential properties were identified within 60 m of the road centreline as being 

considered sufficient for identifying peak impacts and requirements for mitigation. 

3) A review of the framework for the assessment; legal and policy considerations. 

4) Estimation of emission factors to characterise the rates of air discharge for the Project 

using the Vehicle Emissions Prediction Model (Version 3.0).  Data characterising the local 

fleet was collected and provided by Opus.  Mass emission rates for a 24-hour period were 

calculated from the emission factors based on projected traffic flow data pro-rated to take 

account of the hourly variation over a day as provided by Opus traffic modellers for 2016 

and 2026.  

5) The Expressway and side roads affected by the Expressway were broken down into a series 

of links and localised traffic flow projections were provided by Opus for the relevant links. 

6) The “without the Project” scenario was assessed from the estimation of emissions and their 

dispersion from the existing SH1 and side roads.  The projected traffic flows were provided 

by Opus for the existing SH1 route “without the Project” for 2016 and 2026. 

7) Dispersion of contaminant mass emissions from the Expressway and the existing SH1 

“without the Project” were modelled using the BREEZE ROADS dispersion model, which 

incorporates the CAL3QHCR model algorithms to predict concentrations of contaminants 

at points in a specified receptor grid, and at specified receptor points.  The model was run 

using a digital topographical file accounting for cut and fill operations of the final Project 

contours and with a meteorological data set developed for modelling, based on 

observations at the Ruakura Meteorological Station. 

8) The predicted concentrations of contaminants downwind, including consideration of the 

likely background air quality, were assessed against relevant criteria including the 

Resource Management (National Environmental Standards Relating to Certain Air 
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Pollutants, Dioxins and Other Toxics) Regulation 2004  and Ministry for the Environment 

Ambient Air Quality Guidelines (2002). 

9) Construction dust effects were assessed considering the Project location and the vicinity to 

sensitive activities.  Those activities within 50 m of the construction area were considered 

as being particularly likely to be affected by construction dust, and where mitigation is 

critical to ensuring that the potential for adverse effects is minimised.  With mitigation 

measures in place effects beyond this are less likely to be of a concern. 
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3. Project Description 

3.1. Project Operation 

The Waikato Expressway is one of the seven projects that form the Roads of National Significance 

Programme being implemented by the New Zealand Transport Agency (NZTA).  The Cambridge 

Section of the Waikato Expressway (the Project) involves developing approximately eleven 

kilometres of road for a new transport corridor between the existing State Highway 1 (SH1) near 

Hautapu Road and the existing SH1 near the Cambridge Golf Course.   

Appendix A shows the layout for the Project route.  The development is primarily through 

“greenfield” environments, but it also intersects, passes over, or closes several existing roads: 

Discombe Road, Forrest Road, Peake Road, Hannon Road, Victoria Road, Swayne Road, Appleby 

Road, Watkins Road, and Thornton Road. The Project will divert traffic away from the existing 

SH1 route, which currently passes through the centre of Cambridge, and is currently resulting in 

significant congestion.  The Project alignment will run to the north of Cambridge in an east/west 

direction starting to the west from the existing SH1 towards Swayne Road, and then southeast over 

the Karapiro Gully to rejoin the existing SH1 east of Cambridge.  The development passes through 

the Waikato District and the Waipa District, both within the Waikato Region.   

Predicted annual average daily traffic (AADT) flows along the Project route range from 11,900 to 

16,400 in 2016, with projected flows ranging between 13,300 and 18,600 in 2026.  The vehicle 

speed posted along the Project route will be 100 kilometres per hour with a speed on adjoining road 

sections of 50 to 80 kilometres per hour. 

3.2. Project Construction  

The earthworks required for the Project will be carried out within the designated project corridor 

from the junction of Discombe Road and SH1 (just north of Cambridge) to just east of the 

Cambridge Golf Course.  The construction programme is expected to run from September 2012 to 

May 2016 but may be shorter.  A significant amount of earthworks will be required for 

construction of the Expressway and as such there is significant potential for dust generation.  In 

order to reduce the potential for dust the Project earthworks will be completed in stages. However, 

there are likely to be periods where there will be long expanses of open earthworks prone to 

material transport by air.  The Project will include the following earthwork sequences: 

 Site establishment, which will include establishing sediment ponds, drainage, clearing and 

stripping (top soil will be removed and stockpiled along the boundaries of the corridor) and 

other adjustments to existing services; 

 Culvert installations at three sites; 
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 Structural embankment including stabilisation/consolidation; 

 Bridge and overpass construction; 

 Grading and paving; 

 Traffic services and noise wall installation;  

 Landscaping; and 

 Construction of two interchanges one at Cambridge Road and one at SH1B. 

While earthworks will be carried out along the entire length of the Project, certain areas will 

require more intensive earthworks and include the: 

 Northern Interchange (fill and stabilisation);  

 Peake Road Flyover (fill and stabilisation); 

 Victoria overpass and intersection  (fill and stabilisation); 

 Swayne Road Flyover (fill and stabilisation); 

 Thorton Road and Karapiro Stream Gully Viaduct (cut and stabilise); and 

 Southern Interchange (cut and stabilise). 

Earthwork volumes are estimated to be the following: 

 200,000 m
3
 of topsoil stripping to stockpiles for later use on batters; 

 230,000 m
3
 of cut material to be used as structural fill (without treatment); 

 350,000 m
3
 of cut material to be used as structural fill (with treatment); 

 200,000 m
3
 of cut to waste (this may be used for flattening and general landscaping); and 

 230,000 m
3
 of imported structural fill. 

At least 90 houses are located within 50 metres of the construction corridor, in particular, 

surrounding Saffron Place, the end of Madison Street, Soma Place, Durmast Court, Walter Court, 

and Burr Street. 



Cambridge Section of the Waikato Expressway Assessment of Effects on Air Quality 

       

 

 PAGE 6 

4. Environmental Setting 

4.1. Surrounding Environment 

The Project will pass through primarily rural areas, but in parts will also be close to residential 

development.  In particular, the Project will pass through areas to the northeast of the residential 

housing areas surrounding Saffron Place, the end of Madison Street, Soma Place, Durmast Court, 

Walter Court, and Burr Street at the north-eastern extent of Cambridge township.   

Figure 1 shows sensitive receptors within the vicinity of the Project, namely a child care centre 

(indicated in blue), residential receptors within 60 m of the Expressway centreline (shown with 

red), and two residential subdivisions to the north east of Cambridge (shown as yellow shaded 

areas). 

Residential areas and other sensitive receptors near the Project include: 

 Two residential developments at the north-eastern extent of Cambridge township 

designated as the “Oaklands” and “Saffron” subdivisions, with the closest residential 

houses located at a distance of 60 m to 70 m from the property boundaries and the 

centreline of the Expressway, and additional residences in the developments up to 500m 

from the centreline; 

 Six residential properties on the northeast side of Athlone Drive that are near the 

Expressway at distances of 25 m to 70 m from the road centreline, with the nearest house 

being 55 m from the road centreline; 

 A residential property on Thornton Road and the new St Kilda Rd, which will be 

approximately 45 m from the centreline, with the house being approximately 65 metres; 

and 

 A childcare centre is located on Swayne Rd: the property boundary is 47 m and the 

building is 57 m from the road centreline at the closest point. 
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Figure 1 Cambridge Section of Waikato Expressway with Sensitive Receptors 

 

 

4.2.  Topography 

The Project runs through land that is gently undulating with the exception of the Karapiro Gully, 

which will be crossed by a viaduct as shown in Appendix A.  The elevation of the Expressway 

route ranges from 58 m to 74 m above sea level.  The undulating land, combined with the need for 

overpasses and underpasses results in cuttings and fillings that are generally less than 5 m from 

ground level, but may be up to 9 m above ground level in some places.  These cuts and fills will 

affect the dispersion of the contaminants to the surrounding area and are accounted for in this 

assessment.   

4.3. Meteorology 

The nearest full time meteorological station is located at the Hamilton Airport, approximately 5 km 

to the west of the western end of the Project.  Figure 2 shows a windrose for the meteorological 

station at Hamilton airport obtained from the national climate database operated by NIWA for the 

years 2007 to 2009. 

The windrose indicates the predominant wind directions are from the west with components also 

from the north and south.  The conditions most likely to produce the worst case impact on air 

quality from the operation of the Expressway are light winds, particularly under stable atmospheric 



Cambridge Section of the Waikato Expressway Assessment of Effects on Air Quality 

       

 

 PAGE 8 

conditions (categories E and F)
1
.  For receptors within close proximity to a ground-level line 

source, like a road, the stability of the atmosphere is almost irrelevant and the rate of dispersion is 

dominated by the strength of the winds.   Calm conditions, defined as winds below 0.5 m/s, 

occurred 3.1% of the time.  Excluding calms, winds below 2 m/s in strength occur in roughly equal 

proportion from all directions, with slightly greater frequencies from the north and south, 

approximately 3.6% and 5.7% of the time, respectively.  

Strong winds are important in terms of increased dispersal of wind-blown dust from the road, 

particularly during the construction phase.  Strongest winds are predominantly from the west at the 

Hamilton airport, being greater than 5.7 m/s about 3% of the time.  Areas most likely to be effected 

would be downwind to the east of the road works. 

Another meteorological station relevant to the area is located in Ruakura, approximately 15 km to 

the northwest of the Project.   Figure 3 shows a windrose for the Ruakura Meteorological Station 

for the years 2007 to 2009.  The predominant winds are from the west/south-west and from the 

north-east.  Calm conditions, occurred 5.5% of the time.  Light winds blow relatively frequently 

from the west and north-east, but there is also a component from the south.  Excluding calms, 

winds below 2 m/s in strength occur approximately 2.5% of the time from the west, 5.4% from the 

south, and approximately 4.8% of the time from the north-east. Strongest winds are from the 

west/south-west, being greater than 5.7 m/s about 4% of the time. 

An existing dataset developed from the Ruakura Meteorological Station for use with air quality 

models has been used for this evaluation.  Given that the meteorological station and the proposed 

road locations are on relatively flat terrain with no significant hills between them, Ruakura is likely 

to adequately represent the wind conditions in the Project area. 

                                                      

1
 Atmospheric stability is frequently characterised by one of six Pasquill Stability Classes, named A, B, C, D, E, and F with 

class A being the most unstable and class F being the most stable classification.  More stable conditions result in less mixing 

of contaminants, and therefore higher concentrations near the source of emission. 



Cambridge Section of the Waikato Expressway Assessment of Effects on Air Quality 

       

 

 PAGE 9 

 

Figure 2 Windrose for Hamilton Airport, 2007 to 2009 
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Figure 3 Windrose for Ruakura 2007 to 2009 
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4.4. Background Ambient Air Concentrations 

Background concentrations of contaminants will vary depending on land use activities and seasonal 

variations. The area surrounding the Project is a mainly rural area, with some residential 

development to the southwest of the Project on the north-eastern extent of Cambridge township.  

Consequently, background ambient air contaminant concentrations will range from that typical of 

rural areas to generally typical of a moderate density residential area. 

The most prominent industrial activity in the vicinity is the Fonterra milk powder processing plant 

on Victoria Rd at Hautapu, approximately 2.5 kilometres north of Cambridge and about 1 km north 

of the Project.  The contaminant of greatest consequence from the factory is likely to be particulate 

matter from the coal fired boilers and milk powder drier stacks.  Cumulative effects of the 

Expressway with the Hautapu factory are unlikely to pose any concern. 

4.4.1. Carbon Monoxide and Nitrogen Dioxide 

The major contaminants emitted into air by traffic are carbon monoxide (CO) and nitrogen dioxide 

(NO2).  Environment Waikato has measured CO and NO2 at its site in Peachgrove Road in 

Hamilton.  This is an urban residential area and will experience higher concentrations than what is 

currently experienced along the Project corridor.  Environment Waikato’s emission inventory for 

Hamilton
2
 estimates motor vehicle emissions contribute 93% of the NOX emission. 

Table 1 summarises the CO and NO2 concentrations as measured at Peachgrove Road in 

accordance with the Ministry for the Environment’s Environmental Performance Indicators (EPI).  

Table 1 Summary of Ambient Air Monitoring Hamilton (1998-2004)
3
 

Contaminant 
% in Acceptable 
category or better 

% in Alert 
Category 

No. of Guideline or Standard 
excursions per year 

Carbon monoxide 100 0 0 

Nitrogen dioxide 100 0 0 

 

There are five different EPI categories as follows: 

Action  above the Ambient Air Quality guideline 

Alert  between 66% and 100% of the guideline 

Acceptable between 33 and 66% of the guideline 

Good  between 10% and 33% of the guideline 

                                                      

2
 Environment Waikato, Hamilton Emission Inventory, 2005. 

3
 www.ew.govt.nz 
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Excellent below 10% of the guideline 

Carbon monoxide and nitrogen dioxide are reportedly lower than 66% of the guideline for 100% of 

the time.  Nitrogen dioxide has not been monitored in Hamilton, or anywhere else in the Waikato 

Region, since 2003, and CO since 2004.  The next monitoring for these contaminants is not 

scheduled until 2010/11
4
.  The maximum concentrations of NO2 measured at Peachgrove Road 

during 2003 were 102 and 34 g/m
3
 as a 1-hour and 24-hour average respectively

5
.  The maximum 

hourly CO measured at Peachgrove Road during 2003 was 9 mg/m
3
 and the maximum eight-hour 

average was 7 mg/m
3
.
 6

  Carbon monoxide concentrations measured at Peachgrove Road nearly all 

fall within the Excellent EPI category, or below 3 mg/m
3
 as a 1-hour average (10% of the guideline 

value).  Nitrogen dioxide concentrations are almost as good as carbon monoxide, with all data 

within the Acceptable category and over 90% within the Good category, or below 66 g/m
3
 as a 1-

hour average (33% of the guideline value). 

NZTA also has a national network of NO2 passive monitors that provide monthly average NO2 

measurements.  Table 2 presents the annual average NO2 measured in Cambridge and at selected 

locations in Hamilton City for 2007 to 2009. 

Table 2 Passive Sampling Results for Annual Average NO2 (NZTA, 2007 – 2009)
7
 

Site reference Area 
Annual average NO2 μg/m

3
 

2007 2008 2009 

HAM001 Hillcrest, Hamilton 21.4 21 23.9 

HAM003 Melville, Hamilton 36.1 41.4 40.0 

HAM004 Cambridge 24.1 22.5 21.6 

 

The passive sampling results show that air quality in Hamilton can be poorer than Cambridge, for 

example, the site in Melville is affected by congestion around an intersection, whereas the Hillcrest 

site is not directly impacted by an intersection.  The site within Cambridge is also affected by an 

intersection where vehicles decelerate and accelerate.  Annual average concentrations of NO2 along 

the Expressway would be expected to be better than those measured in both Hamilton and 

Cambridge and should be lower than 20 μg/m
3
 as an annual average. 

 

                                                      

4
 Environment Waikato, Waikato Ambient Air Quality Monitoring Strategy 2006-2010, Internal Report 2006/20 

5
 Environment Waikato, Air Quality Monitoring 2003, Technical Report 2004/27 

6
 Environment Waikato, Air Quality Monitoring 2004, Technical Report 2005/07 

7
 Data supplied from Watercare Laboratory Services 
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4.4.2. Fine Particulate Matter (PM10) 

Particulate matter less than ten microns in diameter (PM10) has been measured at locations 

throughout the Waikato Region, although no monitoring has been undertaken in Cambridge.  Data 

for Peachgrove Road, Hamilton and Matamata has been reviewed for this assessment.  Table 3 

presents Environment Waikato data
8
 for PM10 from 2000 to 2009 for Peachgrove Road. 

Table 3 Summary of PM10 Concentrations Measured at Peachgrove Rd (2000 – 2009) 

Environmental Performance 

Indicators 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 

Good (<33%) 70% 77% 61% 67% 56% 70% 58% 67% 64% 71% 

Acceptable (33% to 66%) 30% 21% 38% 29% 41% 29% 38% 30% 34% 25% 

Alert (66% to 100%) 1% 2% 1% 3% 3% 1% 4% 2% 2% 3% 

Action (>100%) 0% 1% 0% 1% 0% 0% 1% 0% 0% 1% 

Percentage of valid data 91% 70% 93% 91% 94% 77% 99% - 99% 99% 

Annual average (g/m
3
) 15 15 16 16 17 15 17 15 15 14 

Guideline exceedences 0 3 0 4 1 0 2 0 0 3 

Annual maximum (24-hr avg, 

g/m
3
) 

43 67 36 62 55 37 66 46 48 101 

Number of records 334 256 340 331 344 281 363 242 364 363 

Over 95% of PM10 concentrations at Peachgrove Road fall within the Acceptable EPI category or 

better, indicating concentrations of this contaminant are almost always less than 33 g/m
3
 as a 24-

hour average i.e. 66% of the guideline value. The ambient air guideline of 50 g/m
3
 as a 24-hour 

average has been exceeded on up to four occasions per year.  Most recently there were three 

exceedances measured in 2009. 

The monitoring data from Matamata is expected to be more representative of the air quality 

environment that would be expected around Cambridge township as opposed to the data from 

Peachgrove Road.  Matamata is a similar sized rural community approximately 28 kilometres to the 

north-east of Cambridge.  Table 4 summarises the PM10 measurements in Matamata, which indicate 

greater than 98% of measured PM10 concentrations are in the Acceptable or better EPI category. 

 

                                                      

8
 Environment Waikato, Air Quality Monitoring Report for Hamilton, Tokoroa, Taupo, Te Kuiti, Matamata, Putaruru, 

Ngaruawahia, Waihi and Turangi – 2009, March 2010 
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Table 4 Summary of PM10 Concentrations Measured at Matamata (2006-2009) 

Environmental Performance Indicators 2006 2007 2008 2009 

Good (<33%) 77% 83% 69% 78% 

Acceptable (33% to 66%) 23% 16% 29% 21% 

Alert (66% to 100%) 1% 0% 2% 1% 

Action (>100%) 0% 0% 0% 0% 

Percentage of valid data 99% 79% 100% 98% 

Annual average (g/m
3
) 13 12 15 13 

Guideline exceedences 0 0 0 1 

Annual maximum (24-hr avg, g/m
3
) 38 34 45 93 

Number of records 362 287 365 359 

The data indicate that air quality in Matamata is in compliance with the National Environmental 

Standard (NES) for PM10 of 50 g/m
3 
as 24-hour average, which allows for one exceedance of the 

PM10 value per year.  The annual average concentrations comply with the relevant Ministry for the 

Environment ambient air quality guideline of 20 g/m
3
. 

Given the predominantly rural nature of the Project route, background concentrations of PM10 

along the route are expected to be lower than those measured at Peachgrove Road and within the 

centre of Matamata.  The background air quality is therefore assessed as most likely less than 20 

g/m
3
 as 24-hour average.  

 

4.4.3. Volatile Organic Compounds 

The Ministry of Health (MoH) measured a number of the most important volatile organic 

compounds in Hamilton in 1999 (Stevenson and Narsey, 1999)
9
.  The contaminant generally of 

most concern is benzene.  The MoH monitoring indicated benzene levels in residential areas of 

Hamilton ranged from 1.6 to 3.4 g/m
3
, as an annual average.  In rural areas, like the Project area, 

concentrations would be expected to be at the low end of this range (1.6 g/m
3
), based on a 

CONCAWE report (Claydon et al 1999)
10

.  Environment Waikato has undertaken benzene 

monitoring using the same methods as Stevenson and Narsey at Peachgrove Road, Claudelands 

                                                      

9
 C D Stevenson and H Narsey, Survey of Benzene and other Toxic Organic Compounds in Air: July 1996-May 1999 

Summary report, September 1999.  
10

 M Claydon M Evans JP Gennart C Roythorne B Simpson J Urbanus, Environmental Exposure to Benzene CONCAWE 



Cambridge Section of the Waikato Expressway Assessment of Effects on Air Quality 

       

 

 PAGE 15 

Bridge and Bridge Street (peak traffic sites), for a 12 month period  from 20 September 2005 to 20 

September 2006, with badges being deployed for three month periods.  The annual average 

concentrations measured at each of the sites were 1.9 g/m
3
, 3.4 g/m

3
 and 3.1 g/m

3
 respectively, 

below the 2010 guideline of 3.6 g/m
3
 as an annual average.  It is noted that there has been a 

progressive reduction of benzene content in petrol since 2002, which would result in lower benzene 

concentrations currently than measured in 2005/2006 and before. 

4.4.4. Summary 

Background ambient air quality along the Project route have been assessed assuming air quality 

will be better than that measured in the Hamilton urban area and from other available information, 

which indicates likely background concentrations in the assessment area as follows: 

PM10  < 20 µg/m
3
 24-hour average 

Carbon monoxide < 3 mg/m
3
 1-hour average and lower as an 8-hour average 

Nitrogen dioxide < 100 µg/m
3
 1-hour average 

Benzene < 1.6 g/m
3
 annual average 

 

                                                                                                                                                                 

report No. 2/99, Brussels, October 1999. 
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5. Assessment Matters 

5.1. Framework 

The NZTA uses designations for its State Highway network.  The Project already holds a 

Designation. This assessment of environmental effects on air quality has been prepared in support 

of an application to alter the Designation. 

Several pieces of legislation guide land transport planning.  The statutory framework for land use 

planning is largely contained within the Resource Management Act 1991 (RMA).  The purpose of 

the RMA is to promote the sustainable management of natural and physical resources.  The Land 

Transport Management Act 2003 sets out requirements for the operation, development and funding 

of the land transport system. 

The following section of this report outlines the key statutory and non-statutory documents to be 

considered in relation to the assessment of effects of discharges to air. 

5.2. Resource Management Act 1991 

The purpose and principles of the RMA are set out in Sections 5 to 8 of that Act.  Of particular 

relevance to the assessment of effects of discharges to air from land transport activities are Sections 

5(1) and 5(2), which state: 

“ (1) The purpose of this Act is to promote the sustainable management of natural and 

physical resources. 

(2) In this Act, sustainable management means managing the use, development, and 

protection of natural and physical resources in a way, or at a rate, which enables people 

and communities to provide for their social, economic, and cultural wellbeing and for their 

health and safety while— 

(a) Sustaining the potential of natural and physical resources (excluding minerals) 

to meet the reasonably foreseeable needs of future generations; and 

(b) Safeguarding the life-supporting capacity of air, water, soil, and ecosystems; 

and 

(c) Avoiding, remedying, or mitigating any adverse effects of activities on the 

environment.‖ 

Air is one such natural resource.  Section 7 of the RMA requires consent authorities to give 

particular regard to those matters listed in the section.  In the case of discharges to air from this 

Project, the following matters are considered relevant: maintenance and enhancement of amenity 
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values (Section 7 (c)) and maintenance and enhancement of the quality of the environment (Section 

7 (f)).  

In the context of this assessment, amenity values may be affected by discharges of dust during 

construction, while the quality of the environment is primarily defined in the context of effects on 

human health and assessment against relevant guidelines and standards. 

Under Section 15(2) of the RMA no person may discharge any contaminant into the air, or into or 

onto land, from any place; or any other source, whether moveable or not in a manner that 

contravenes a rule in a regional plan or proposed regional plan. 

The relevant regional plan requirements as they relate to air discharges are discussed below. 

 

5.3. Waikato Regional Plan 

The Waikato Regional Plan became operative (in part) on 28 September 2007 (WRP).  Module 6 of 

the WRP, which is operative, addresses the air environment.  The WRP does not include any rules 

requiring resource consent for discharges from roads. 

Section 6.1 of the WRP presents the issues, objectives and policies for air quality.  The objectives 

and policies relevant to the Project include: 

“Objective 1: 

Significant characteristics of air quality as identified in Table 6-1 are: 

 protected where they are high 

 enhanced where they are degraded  

 otherwise maintained.‖ 

 

Table 6-1 of the WRP sets out features relevant to particular areas within the Region. The 

Hamilton/Cambridge/Te Awamutu area is identified as having moderate traffic volume and 

congestion (area sources) from both transient and local commuters.  Local amenity is identified as 

an issue in relation to vehicle emissions. 

“Objective 3:  

Cumulative effects of discharges on ambient air quality do not:  

a) present more than a minor threat to the health of humans, flora and fauna 

b) cause odour that is objectionable to the extent that it causes an adverse effect 
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c) result in levels of suspended or deposited particulate matter that are objectionable to the 

extent that they cause adverse effects  

d) have a significant effect on visibility 

e) cause accelerated corrosion of structures 

f) cause significant adverse effects on the relationship tangata whenua as Kaitiaki have with 

their identified taonga such as air, ancestral lands, water and waahi tapu”  

 

“Policy 3: Air Shed Management  

Adopt an air shed management approach that takes into account the relative contributions of 

all contaminant sources in the area in accordance with the Ministry for the Environment's 

Ambient Air Quality Guidelines (May 2002).  Priority for development of air quality 

management plans is to be given to areas where air quality is degraded as defined in Table 

6-2 or where such a plan is necessary to prevent air quality becoming further degraded. 

Table 6-2: Regional Ambient Air Quality Categories and Designated Response 

Category Measured Value Response 

Degraded  

Exceeds the Regional Ambient Air Quality Guideline value in 
Chapter 6.3.  

Enhance 

Between 66% and 100% of the Regional Ambient Air Quality 
Guideline value in Chapter 6.3. 

Maintain or 
Enhance 

Acceptable 
Between 33% and 66% of the Regional Ambient Air Quality 
Guideline value in Chapter 6.3. 

Maintain 

High 

Between 10% and 33% of the Regional Ambient Air Quality 
Guideline value in Chapter 6.3. 

Maintain / Protect 

Less than 10% of the Regional Ambient Air Quality Guideline 
value in Chapter 6.3. 

Protect” 

 

Policy 3 of the Air Module promotes an airshed management approach.  This essentially means that 

Environment Waikato will focus on all sources of air pollution and not target one sector in 

isolation. The Waikato Region contains 21 urban airsheds, with the nearest airshed to the Project 

being the Cambridge airshed.  The Project will not directly pass through any of the Waikato urban 

airsheds, and is not expected to have a significant impact on the air quality of the airsheds.   

The Regional Ambient Air Quality Guidelines values presented in the table below are reproduced 

from Chapter 6.3 of the WRP as relevant to the assessment of the Project.  The Waikato levels are 

the same as the Ministry for the Environment (MfE) ambient air guidelines set of in Table 5, 

Section 5.5 of this report. 

  



Cambridge Section of the Waikato Expressway Assessment of Effects on Air Quality 

       

 

 PAGE 19 

 

Contaminant Averaging time Waikato Region Levels 

Carbon monoxide (CO) 1 hour 30 mg/m
3
 

 8 hour 10 mg/m
3
 

Nitrogen dioxide (NO2) 1 hour 200 µg/m
3
 

 24 hour 100 µg/m
3
 

 Annual 30 µg/m
3
 

Particulate matter (PM10) 24 hour 50 µg/m
3
 

 Annual 20 µg/m
3
 

Lead content of PM10 3 month moving average 0.2 µg/m
3
 

Benzene Annual 3.6 µg/m
3
 

 

The implementation methods, Section 6.1.6 of the WRP, set out promotion, education, and 

encouragement (advocacy) as the means by which Environment Waikato will influence the effects 

that land transport sources have on air quality.  Methods applicable to a new roading development 

include: 

6.1.6.3 Encouragement of Roading Authorities 

“Environment Waikato will encourage roading authorities and where relevant Transit New 

Zealand to: 

undertake territorial road planning that aims to reduce motor vehicle congestion in urban 

areas 

consider air quality and energy efficiency issues arising from the transport implications of 

land use planning and design….. 

7) take into account affects on air quality that may occur from transport sources, as provided 

by Environment Waikato submissions on resource consent applications or plans.‖ 
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5.4. Waikato Regional Policy Statement (WRPS) 

This assessment has considered the provisions of the Operative Waikato Regional Policy Statement 

October 2000 (RPS).  The most relevant policies of the RPS as they relate to the Project are as 

follows: 

“Policy One: Protection of High Air Quality 

Ensure the protection of the significant characteristics of high air quality 

Policy Two: Enhancement of Degraded Air Quality 

Ensure the enhancement of the significant characteristics of degraded air quality 

Policy Three: Other Air Quality 

Ensure that the significant characteristics of air that is not of high or 

degraded quality are maintained by avoiding, remedying or mitigating the 

adverse effects from the discharge of contaminants.  

Policy Four: Adverse Effects on Human Health 

Discharges to air managed in a way that is designed to avoid adverse effects 

on human health.   

Policy Five: Adverse Effects on the Health of Flora and Fauna 

Discharges to air managed in a way that is designed to avoid adverse effects 

on flora and fauna (excluding targeted pest species).― 

The RPS does not define the air quality in the vicinity of the Project nor does it define the 

significant characteristics of air in the area.  That said, it would be reasonable to conclude that a 

significant characteristic of air quality at urban, rural and rural residential locations is that it does 

not cause adverse human health effects. 

In regard to Policy Four, given that a threshold for a zero effect level for fine particulate matter on 

human health has not been able to be identified, avoiding adverse effects on human health could be 

viewed as an impossible goal.  We understand Environment Waikato staff have previously 

interpreted this policy such that “more than minor adverse effects on human health are avoided,” 

which is consistent with the wording provided in the WRPS
11

.   

In regard to Policy Five, adverse effects on flora and fauna are unlikely to occur as a result of the 

Project because air quality will continue to comply with relevant air quality guidelines and 

                                                      

11
 Personal communication , Deborah Ryan with EW staff, 2009. 
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standards during the operation of the road. The project will not be in contravention of any of the 

relevant policies under the RPS. 

5.5. New Zealand Ambient Air Guidelines 

The Ministry for the Environment published updated ambient air guideline values for New Zealand 

in 2002.  The primary purpose of the guidelines is ―to promote sustainable management of the air 

resource in New Zealand‖.  The guideline values published are the minimum requirements that 

outdoor air quality should meet in order to protect human health and the environment.  The 

guidelines provide values for contaminants that are commonly discharged from road schemes.  

Table 5 presents the guidelines relevant to the Project with their respective averaging times. 

Table 5 New Zealand Ambient Air Quality Guideline Values (NZAAQG) 

Contaminant Guideline value Averaging time 

Carbon monoxide 
30 mg/m

3
 1-hour 

10 mg/m
3
 8-hour 

Fine particles (PM10) 
50 µg/m

3
 24-hour 

20 µg/m
3
 annual 

Nitrogen dioxide 
200 µg/m

3
 1-hour 

100 µg/m
3
 24-hour 

 30 µg/m
3
 annual (ecosystems) 

Benzene 3.6 µg/m
3
 (year 2010) annual 

1,3-Butadiene 2.4 µg/m
3
 annual 

Lead 0.2 µg/m
3
 3-month moving average, calculated monthly 

 

These guidelines have been applied to the interpretation of results from the assessment in Section 7 

of this report. 

5.6. National Environmental Standards 

The New Zealand Government gazetted National Environmental Standards (NES) for air quality in 

2004
12

.  The standards are designed to protect public health and the environment by setting 

concentration limits and regulating or prohibiting certain activities.  There are no specific 

provisions relevant to emissions from the transport sector.  The Ministry for the Environment, 

Good Practice Guide on Assessing Discharges to Air from Land Transport (June 2008) 

recommends that “territorial authorities must now consider the national environmental standards 

                                                      

12
 Resource Management (National Environmental Standards Relating to Certain Air Pollutants, Dioxins and Other Toxics) 

Regulation 2004  www.mfe.govt.nz. 

http://www.mfe.govt.nz/
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for air quality when granting new designations and land-use consents.”  Table 6 presents the NES 

for ambient air relevant to the Project.  

Table 6 Ambient Air Quality Standards for New Zealand 

Contaminant Standard (g/m
3
) Averaging time Permissible excess 

Particulate matter (PM10) 50 24 hour One 24-hour period in a 12-
month period 

Sulphur dioxide (SO2) 350  1 hour 9 hours in a 12 month period 

 570  1 hour Not to be exceeded at any time 

Carbon monoxide (CO) 10,000 8 hour One 8-hour period in a 12-
month period 

Nitrogen dioxide (NO2) 200 1 hour 9 hours in a 12-month period 

 

The NES uses the term “airshed”, which defines where air quality must be monitored and 

determines the basis for certain decisions on resource consents.  The standards have a particular 

emphasis on managing fine particulate matter (PM10) discharges.  The Project is within an airshed 

designated by Environment Waikato for the remainder of the Waikato Region (not otherwise 

designated as an airshed) that is deemed to be in compliance with the relevant ambient air quality 

standards under the NES. 

5.7. Dust Deposition Trigger Levels 

The Project construction will have air quality effects independent of those to be expected from the 

Expressway when it is operational.  Dust is the primary contaminant of concern from the road 

construction phase, and includes both deposited particulate (DP) and total suspended particulate 

(TSP).  The Ministry for the Environment has recommended trigger levels for assessing the 

potential effects of dust (see the Good Practice Guide for Assessing and Managing the 

Environmental Effects of Dust Emissions).  Table 7 provides the recommended trigger levels above 

which remedial action or additional mitigation may be required.  

 Table 7 MfE Recommended Trigger Levels for Dust 

Dust Type Location Type Trigger Level 

Deposited particulate (DP) All areas 4 g/m
2
/30 days (above background concentration) 

Total suspended particulate (TSP) 

Sensitive area 80 g/m
3
 (24-hour average) 

Moderate sensitivity 100 g/m
3
 (24-hour average) 

Insensitive area 120 g/m
3
 (24-hour average) 
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5.8. NZTA Trigger Points 

The NZTA draft Standard for Producing Air Quality Assessments for State Highway Projects (16 

July 2010) recommends the use of trigger points to assess whether significant air quality impacts 

are likely from a roading project.  The trigger points are used to provide a conservative estimate of 

the whether the project will have a significant impact on local air quality, and are based on three 

key triggers: 

 If the option contributes 5 percent or more of the 24-hour average PM10 standard, the 24-

hour PM2.5 guideline, or the annual average NO2 guideline
13

 at the nearest receptor as 

shown in Table 8 below; 

 If there are any sensitive receptors within 200 metres of the edge of the road; 

 If the existing air quality is degraded. 

 

If any of the triggers are activated by the development then a more detailed assessment of the 

project will need to be carried out.  Bullet 2 above applies to this project. 

 

 Table 8  NZTA Trigger Points for Roading Projects 

Contaminant Standard/Guideline Averaging Time Trigger Point 

NO2 40 g/m
3
 Annual 2 g/m

3
 

PM10 50 g/m
3
 24-hour 2.5 g/m

3
 

PM2.5 25 g/m
3
 24-hour 1.3 g/m

3
 

 

The NZTA draft trigger points are similar to the approach recommended in the MfE Good Practice 

Guide for Assessing Discharges too Air from Land Transport (May 2008) (MfE GPG), these 

triggers are recommended for assessing the significance of a project for a Tier 2 screening 

assessment of effects to be applied at locations where people may be exposed for the relevant 

averaging period.   

The NZ Trigger Point for PM2.5 does not have a corresponding ambient air concentration in the 

NES, MfE  air quality guidelines or in the WRPS, and therefore PM2.5 has not been specifically 

included in this assessment.   Also the vehicle emission estimation model used for this assessment 

does not contain emission factors for PM2.5, so PM2.5.  
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5.9. Land Transport Management Act 

The Land Transport Management Act 2003 (LTMA) sets out requirements for the operation, 

development and funding of the land transport system.  Section 94 of the LTMA states that the 

objective of the NZTA is to “undertake its functions in a way that contributes to an affordable, 

integrated, safe, responsive, and sustainable land transport system”.  The functions of the NZTA in 

the context of this proposal are set out in Section 95(1) of the LTMA, while Section 96 sets out the 

operating principles of the NZTA.  The specific principle that applies to this assessment is set out 

in Section 96(1)(a)(i), as follows: 

 ―(1) in meeting its objective and undertaking its functions, the (NZTA) must- 

(a) Exhibit a sense of social and environmental responsibility, which includes- 

 

(i) Avoiding, to the extent reasonable in the circumstances, adverse 

effects on the environment; and.....‖ 

5.10. New Zealand Transport Strategy 2008 (NZTS) 

The NZTS has established targets that support the delivery of the government’s transport objectives 

and provide a focus for many of the government’s actions over the life of the Strategy.  The NZTS 

guides New Zealand transport policy at all levels to create a sustainable, affordable, integrated, safe 

and responsive transport system.  The vision of the NZTS is that in 2040 “People and Freight in 

New Zealand have access to an affordable, integrated, safe, responsive and sustainable transport 

system.‖ 

The NZTS includes a target to “reduce the number of people exposed to health-endangering 

concentrations of air pollution in locations where the impact of transport emissions is significant”. 

5.11. The NZTA (Transit) Environmental Plan 

Where the NZTA (formerly Transit New Zealand) seeks a new or altered designation, it must take 

into account any air quality effects and the requirements of the NES. 

In 2004, Transit New Zealand (the predecessor of the NZTA) issued an Environmental Plan, which 

set out how its obligations under the LTMA would be exercised in practice.  This Environmental 

Plan was reissued as Version 2 in 2008.  Section 2.2 of the Environmental Plan addresses air 

quality issues and sets out the following objectives: 

                                                                                                                                                                 

13
  The annual average for ambient NO2 and 24-hour average for PM.2.5 are taken from the World Health 

Organisation (WHO) recommended guidelines for human health effects.  
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 ―A1 Understand the contribution of vehicle traffic to air quality. 

 A2 Ensure new State highway projects do not directly cause national 

environmental standard for ambient air quality to be exceeded. 

A3 Contribute to reducing emissions where the State Highway network is a 

significant source of exceedances of national ambient air quality 

standards.‖ 

A number of methods are specified to give effect to these objectives, for example: 

―Route Selection Investigate, consider and prioritise route options for new 

or upgraded sections of State highways that avoid 

increasing the exposure of sensitive receivers to poor air 

quality. 

Assessment of Effects Assess the effects on local air quality of new or improved 

sections of State highways in accordance with appropriate 

New Zealand and overseas guidance. 

Design Approach In situations where vehicles are likely to be a significant 

source of emissions and cause of poor air quality, design 

new or upgraded State highways in order to remedy 

and/or mitigate adverse effects.  Consider design 

measures to reduce vehicle emissions and avoid exposure 

to poor air quality, for example, by: ...... 

 Ensuring that vehicle emissions from road tunnels are 

appropriately controlled; dispersed and diluted. 

Construction Dust Ensure Construction Management Plans or equivalent 

include an air quality management component.  These 

should detail consultant and contractor obligations during 

the construction phase in relation to: 

 Monitoring and reporting requirements including 

results of risk assessments and any air pollution 

measurements, for example in relation to dust and/or 

odour; 

 Identifying appropriate dust and air pollution 

mitigation measures to be implemented; and 
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 Procedures for maintaining contact with stakeholders 

and managing dust and air pollution complaints.‖ 

This assessment of effects considers the requirements of these objectives, in particular objective A-

2, in the context of the Project.  In support of this assessment (and related to objective A1), air 

quality has been characterised based on existing monitoring data. 
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6. Discharges to Air 

6.1. Potential Effects of Contaminants from Vehicles 

As recommended in the MfE GPG (2008), the indicator contaminants for transport effects and the 

pollutants of most concern are: 

 Carbon monoxide (CO); 

 Fine particulate matter (PM10 and PM2.5);  and 

 Oxides of nitrogen (NOx). 

 

The MfE states that if the assessment of these contaminants are within acceptable criteria, then 

there is reasonable confidence that levels of other traffic related pollutants will be acceptable.  

Volatile organic compounds (VOCs), in particular, benzene, have also been included in this 

assessment for completeness, because transport sources are the major source of benzene in air. Dust 

is also a key contaminant of concern during the construction phase. 

 

The potential environmental effects of each of these contaminants are discussed below. 

6.1.1. Carbon Monoxide 

Vehicle traffic is the single largest source of carbon monoxide in urban areas.  When inhaled by 

humans, CO reduces the capacity of blood to transport oxygen. It reacts with haemoglobin to form 

carboxyhaemoglobin. CO disperses rapidly from the discharge source with the highest potential 

exposure levels being immediately adjacent to the road.  Carbon monoxide is primarily associated 

with effects from short-term inhalation exposure, particularly to sensitive people, such as those with 

heart disease, the elderly or pregnant women.  Recent studies have detected some observed health 

effects resulting from long term exposure to annual average CO concentrations of over 2.75 mg/m
3
.  

There does not appear to be any adverse effects on vegetation from CO, or any significant risks from 

exposure via other routes than inhalation.  Thus the deposition or adsorption of CO onto vegetation or 

agricultural crops is not of concern.   

6.1.2. Oxides of Nitrogen 

Oxides of nitrogen (NOX) are principally formed by the oxidation of nitrogen contained in air fuels 

at high combustion temperatures.  Like CO, vehicle traffic is the largest source of NOX in most 

urban areas.  Most NOX is emitted as nitric oxide (NO), approximately 95% at the point of 

discharge.  Nitric oxide is generally considered not harmful to human health.  The remaining 5% of 

NOx is nitrogen dioxide (NO2), which is reported to have an effect on respiratory function. NO will 
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convert to NO2 as it is transported downwind, depending on particular conditions being present for 

the conversion reaction. 

Nitrogen dioxide causes inflammation of the airways, particularly to young children, asthmatics 

and those with respiratory disease.  It can cause both short-term and long-term effects.  While there 

is some uncertainty over the thresholds at which these human health effects can occur, the 

guidelines set out in Section 5 are considered to be conservative.  

Oxides of nitrogen can also damage vegetation.  Damage can occur at both short-term exposure and 

long term exposures, with 75 and 30 g/m
3
 suggested as critical levels for oxides of nitrogen, 

expressed as NO2, for 24-hour average and annual averages respectively (WHO, 2000
14

).  These 

contaminants are also acidic gases and acid deposition has the potential to damage sensitive 

ecosystems.  However, problems of ecosystem acidification are not considered likely to occur in 

New Zealand (MfE, 2001) principally because we do not have a very large cumulative discharge of 

acidic gases, and are remote from those large industrial countries that do.   

6.1.3. Particulate Matter  

Particulate matter is composed of a mixture of various size of solid and liquid particles suspended 

in air, and may have an adverse effect on health and amenity.  Large particulate matter generally 

causes loss of amenity or nuisance caused by soiling of surfaces due to deposition.  Particulate 

matter less than 10 microns (PM10) poses adverse health effects as they can enter the human 

respiratory tract.   

PM10 

The health effects of fine particulate (PM10) have been well studied in New Zealand and overseas.  

The principal motivation for this work in New Zealand has been the relatively high levels measured 

in areas like Christchurch as a result of solid fuel combustion.     

PM10 is inhalable (particulate matter less than about 2.5 microns or PM2.5 is respirable), penetrating 

into and depositing in the respiratory tract, and if in high concentration for sufficient time will 

increase lung irritation and decrease lung function.  Epidemiological studies have shown increased 

levels of PM10 are associated with an increase in a range of health effects including respiratory 

disease, cardiopulmonary disease and the exacerbation of asthma. 

Increases in PM10 have also been associated with increases in daily mortality rates.  Most of these 

effects are associated with short-term exposure.  The evidence of long-term health effects 

                                                      

14
 WHO 2000, Air Quality Guidelines for Europe 2nd Ed, WHO Regional Publications, European Series, No. 91. 
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associated with fine particulate is not clear.  While the physical and biological mechanisms are also 

not yet clear, the only human health effects are caused by inhalation.  Biological accumulation 

caused by deposition is not a concern unless the particulate contains significant concentrations of 

contaminants like heavy metals. 

Abrasion plays a part in three distinct sources of “non-tailpipe” discharges from vehicles (tyre 

wear, brake wear and re-suspension of material from roads).  Abrasion processes tend to result in 

the majority of the particulate discharge being substantially greater than 10 microns and therefore 

more likely to cause nuisance effects, rather than health effects.  

Dust 

Dust is generated from dry undisturbed surfaces that have not crusted over, at wind speeds greater 

than 5 – 10 m/s (18 – 36 km/hour).  Lower wind speeds may also transport dust mobilised from dry 

surfaces by machinery or truck movements.  Transportation of dust is dependent on dust particle 

size and wind speed. When damp, fine particulate tends to adhere to coarse material, and fine 

particulate agglomerates into much larger, less mobile particles.   

Dust having an aerodynamic diameter of less than about 20 microns has low settling velocity and 

tends to disperse similar to a gas (suspended particulate).  Particles of larger diameter have 

increasingly significant settling velocities and behave as deposited particulate.  Most of the dust 

generated from handling of dry aggregates has a size range greater than 20 microns even when 

coarse particles are ground up by machinery and truck movements.  Particles larger than 125 

microns have little nuisance potential due to high settling velocities.  

 “Deposited dust” usually consists of solid particles larger than 10 - 20 microns (0.01 to 0.02 mm) 

up to 0.5 mm in diameter and demonstrate increasingly greater gravitational settling velocities in 

still air.  In general the larger the particle, the higher the settling velocity.   

Such "deposited particulate" as a class of material has minimal physical health impact (larger 

particles have only limited penetration into the respiratory tract) but may cause nuisance in 

sensitive areas due to soiling.  Soiling includes excessive dust deposits on houses, cars, and 

washing, and often excessive dust within houses, such as on furniture.  Excessive dust deposition 

can cause stress-related conditions in some residents, and stress, if not the actual dust, can trigger 

asthma attacks.  Parrett (1992)
15

 comments that most non-toxic dusts will begin to be perceived as a 

nuisance when deposit levels reach 200 mg/m
2
/day [6 g/m

2
/30 days], and if the material is "black coal 

                                                      

Parrett, F.W. Dust Emissions – A Review.  Applied Environmetrics, Victoria, Australia. 1992. 
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dust" then nuisance problems may occur at 80 mg/m
2
/day [2.4 g/m

2
/30 days].  Parrett's comments 

reflect our experience when deposition is relatively uniform over the 30 day collection period.   

Dust can have effects on visibility; however, this is typically near the source and does not pose a 

regional effect. While the visibility of dust is more of an aesthetic concern much of the public 

perception of air quality directly relates to visibility.  

Vegetation in the near vicinity of a dust source can also be affected from dust deposition including 

reduced photosynthetic potential (reduced growth and crop yield), reduced effectiveness of 

pesticides and increased potential for diseases and pests. As the effects of dust are generally related 

to deposited dust, the effects are generally restricted close to the dust source.  

6.1.4. Benzene 

Benzene causes health effects from both short-term and long-term exposures.  Acute inhalation 

exposures to benzene at high levels can cause drowsiness, dizziness, headaches, unconsciousness, 

and skin, eye, and lung irritation.  These symptoms stop when the exposure ceases.  The likelihood 

of development of these effects is higher among the occupationally exposed population than those 

exposed to environmental benzene concentrations
16

. Chronic inhalation exposure to the 

occupationally exposed population has caused various disorders in the blood including reduced 

numbers of red blood cells and aplastic anaemia.  Toxicity and damage to the immune system have 

also been demonstrated.  Other effects include excessive bleeding, menstrual and reproductive 

disorders in women and some developmental effects in foetuses
16

. It has been classified as a 

carcinogen by several international agencies.  Chronic exposure to high levels of benzene can cause 

leukemia and carcinogenic effects have been observed in laboratory animals.  

Inhalation is considered the dominant pathway for benzene exposure, particularly for those living 

within urban areas near areas of busy traffic.  The greatest exposures are through inhalation of 

cigarette smoke, occupational exposure and within motor vehicles (driving).  However, exposure to 

benzene can also occur through the ingestion of food and water.  Deposition of benzene onto 

vegetation may occur but this is likely to be at a slow rate since, being a gas, the deposition 

mechanisms rely on diffusion and adsorption onto surfaces or rain washout.  Contamination from 

air exposure is also likely to be limited by re-evaporation, the limited ability of plants to absorb 

insoluble contaminants and possibly biodegradation of that portion of benzene that does become 

absorbed. 

                                                      

16
 US Environmental Protection Agency, EPA Health Effects Notebook for Hazardous Air Pollutants-Draft, EPA-452/D-95-

00, PB95-503579, December 1994.  Cited in: http://www.epa.gov/ttn/atw/hlthef/benzene.html ; Last update 5 February 2008. 

http://www.epa.gov/ttn/atw/hlthef/benzene.html
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The permitted benzene content of New Zealand fuels has decreased over the past several years, 

decreasing from 5% to 1% in 2006 so benzene is becoming less of a concern.  Current levels of 

benzene are found to average 0.75% for regular grade petrol and 0.64% for premium petrol
17

.   

6.2. Discharges to Air from the Expressway Operation 

Discharges to air from vehicles arise from the by-products of the combustion process (emitted via 

the exhaust system), from the evaporation of fuel itself and particulate matter from brakes and tyre 

wear. 

Principal factors affecting vehicle emissions are as follows: 

 The vehicle type; 

 The type and composition of the fuel used by a vehicle; 

 The age of the vehicle; 

 The types of roads on which the vehicle travels; 

 The type and condition of a vehicle’s emission control equipment; 

 The state and maintenance of the vehicle; and 

 The interaction between road types and the vehicle, which include traffic flow conditions (free 

flow, interrupted or congested), vehicle speeds and driving patterns. 

Congestion is a significant factor influencing vehicle emissions, with emissions typically a factor of 

five to ten times higher in congested traffic when compared to a free flowing rural highway.  For 

the Project, the predominant operation mode will be free flow travel, generally involving warm 

running at constant speeds of 80 km/hr or more along the Expressway. 

The emission rates for contaminants discharged to air for the traffic flows predicted for use in the 

dispersion modelling assessment were estimated from the Vehicle Emissions Prediction Model 

(VEPM Version 3.0) developed by the Auckland Regional Council (ARC). This is the most 

appropriate vehicle emissions model; being the most recent model based on emission factors 

derived for the New Zealand road transport fleet and road conditions.  VEPM is capable of 

predicting future changes in emissions due to fleet changes expected to occur over time due to the 

introduction of national controls and changes in vehicle technology.  VEPM has been used to 

calculate a composite vehicle fleet emission rate for each road link being assessed for the Project 

for the years 2016 and 2026. 

                                                      

17
Measurement and Product Safety Service, Fuel Quality Monitoring Programme Test Results 2008-09, Ministry of 

Economic Development, 2010. 
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Table 9 presents the fleet composition percentages that were input into the VEPM to develop 

vehicle emission rates for the Project.  The fleet composition was based on the average of results 

for three telemetry sites near the Project as provided by Opus for the 2009 calendar year.  All other 

input data in VEPM were default values for the model.   

Table 9 Adopted Vehicle Fleet Composition for the Project (Opus, 2009) 

Option Percentage of fleet 

Fleet % - petrol cars 78.8% 

Fleet % - diesel cars 9.8% 

Fleet % - petrol LCVs 0.6% 

Fleet % - diesel LCVs 1.6% 

Fleet % - HCV: 3.5-7.5t 3.6% 

Fleet % - HCV: 7.5-16t 1.5% 

Fleet % - HCV: 16-32t 2.6% 

Fleet % - HCV: >32t 1.0% 

Fleet % - Buses 0.6% 

 

Composite vehicle  emission factors were developed for average vehicle speeds of 80 km per hour 

for highway sections and 50 km per hour for side roads.  The Ministry for the Environment Good 

Practice Guide for Assessing Discharges to Air from Land Transport recommends that transport on 

highways should be modelled at 80 km per hour where speeds on highway sections are unknown 

because this is generally more conservative.  The design operating speed will, however, be 100 

km/hour).  The posted speed of side roads ranges from 50 to 80 km per hour, so modelling at 50 km 

per hour generally provides a conservative approach.  Table 10 presents the vehicle emission 

factors generated for this assessment. 

Table 10 Average Emission Factors Calculated By VEPM (g/vehicle-km) 

Speed PM10 Carbon monoxide Oxides of nitrogen 
Volatile organic 
compounds 

 2016 2026 2016 2026 2016 2026 2016 2026 

100 km/h 0.03 0.03 2.54 0.80 0.53 0.31 0.11 0.06 

80 km/h 0.04 0.03 2.12 0.80 0.55 0.34 0.16 0.10 

50 km/h 0.04 0.03 2.29 0.98 0.49 0.31 0.21 0.13 

45 km/h 0.04 0.03 2.45 1.06 0.5 0.32 0.23 0.14 

For the assessment of the effects of the “without the Project” scenario, traffic volumes and speeds 

were also modelled for 2016 and 2026.  The projected traffic speed was assumed to be 80 km/hr on 

SH1 outside of the Cambridge urban area, and 45 km/hr within the urban area and on side roads 

based on data from Opus. 
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VEPM assumes there will be a significant reduction in emissions from the vehicle fleet over time 

due to technology improvements and the natural replacement of older and more polluting vehicles.  

This is clearly reflected in the difference in the emission rates calculated for 2016 and 2026. 

Instructions for Using the Vehicle Emissions Prediction Model (VEPM) Version 3 (ARC, 2009) 

states that the average speed assumed to develop emission factors with VEPM provides an 

indicator for congestion.  A minimum route length of 1 kilometre is recommended for use with 

hourly average speed data.  The ARC states that the model will tend to under-predict if an average 

speed is used that covers periods of differing congestion, in addition the minimum speed in the 

model is 10 km per hour.  These limitations are not considered significant in the context of the 

Expressway, which is expected to have even flow with no congestion during normal operation. 

Opus supplied predicted network traffic flows for 2016 and 2026 for the Expressway and 

associated side-roads.  The network flows provided include a.m. and p.m. peak hourly flows and 

the average annual daily traffic (AADT). The Opus data showed little difference between the traffic 

flow pattern by day of the week, so the average of the data was used to represent the daily traffic 

flow for each weekday and weekend day.   

Figure 4 shows the average daily traffic flow pattern used for this study.  The predicted AADT on 

the Expressway in 2016 ranges from 11,900 to 16,400 and in 2026 the AADT is expected to range 

from 13,300 (east of Victoria Road) to 18,600 (west of Victoria Road).  For the assessment of the 

existing SH1 without the Project, predicted AADT on SH1 ranges from 16,700 (east of Cambridge) 

to 23,900 (central Cambridge) for 2016 and from 19,300 to 24,200 for 2026. 



Cambridge Section of the Waikato Expressway Assessment of Effects on Air Quality 

       

 

 PAGE 34 

Figure 4 Daily Traffic Flow Pattern 

 

 

6.3. Discharges to Air from Road Construction 

The construction phase of the Project has the potential to generate dust from topsoil removal and 

spreading, cut and fill operations, and other activities involved in road construction.  Other 

discharges to air from construction include volatile organic compounds, PM10, carbon monoxide, 

and oxides of nitrogen from vehicle and equipment exhausts. These additional discharges have not 

been assessed in the construction section as the effects will be no greater than those assessed for 

vehicle travel following the opening of the Project.  

While most discharges from road construction are temporary, mitigation measures are typically 

needed to control the discharges of dust and reduce the impact on sensitive areas and receptors.  The 

location of sensitive receptors relative to the Expressway are shown in Figure 1, Section 4 of this 

report.   
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The earthworks proposed during the construction phase of the project are described in Section 3.2 

of this report. Construction activities that have the potential to generate dust are: 

 Earthworks (machine movements) 

o Clearing, stripping and grading 

o Cutting  

o Filling 

o Stabilisation/Consolidation 

 Stockpiling  

 Truck movements (for material transport to and from the site) 

 Loading and unloading materials  

 Parking/lay down areas. 

Dust will be generated both as a result of vehicle movements and the action of wind (particularly 

where greater than 5 m/s) on exposed/unsealed surfaces. 
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7. Dispersion Modelling 

7.1. Modelling Approach 

Dispersion modelling is used to represent emissions from a source of discharge to air and 

mathematically predict the concentrations of contaminants in air downwind of the source, in this 

case the road links.   The predicted concentrations downwind are used to assess the likely exposure 

to air contaminants, in particular, for comparison with air quality standards and guidelines that are 

set to ensure effects on human and ecosystem health are acceptable.  Dispersion models can take 

into account factors including the emission rate of the contaminants, local topography, and 

meteorology.  The main meteorological aspects considered in modelling are wind speed and 

direction, ambient temperature, atmospheric mixing height and atmospheric stability. Dispersion 

models predict contaminant concentrations for various averaging periods for comparison with the 

relevant guidelines, typically 1-hour up to annual averages are predicted. 

Mobile source dispersion models are the basic analytical tools used in air quality effects 

assessments of roading projects to estimate pollutant concentrations expected downwind under 

given conditions of traffic, roadway geometry and meteorology.  BREEZE ROADS is a dispersion 

modelling software suite developed by Trinity Consultants, and was used for this assessment.  

BREEZE ROADS includes the USEPA line-source dispersion models CAL3QHC, CAL3QHCR 

and CALINE4, which predict pollutant concentrations from traffic discharges and can be used to 

investigate the effects near congested intersections and heavily travelled roadways.  

Input parameters for the models can include: emission rates for free flow and idling vehicles, 

roadway geometries, site characteristics, background pollutant concentrations, signal timing, and 

meteorological conditions.  

CAL3QHCR contained in BREEZE ROADS uses actual meteorological data which allows 

predictions for various averaging times to be output directly from the model.  CAL3QHCR 

contained in BREEZE ROADS was used as the dispersion model for the analysis for the Project for 

the following reasons: 

 High traffic volumes and close proximity to sensitive land uses required more accurate 

pollutant estimates. 

 Forecast traffic conditions for multiple traffic periods (i.e. a.m. peak, midday, p.m. peak, and 

night-time) could be incorporated. 

 Direct estimation of average pollutant concentrations for the range of values required, 

including annual. 
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7.2. Model Set up 

The Project is described in Section 3 of this report.  All roads that are either new or altered as part 

of the Project were included in the dispersion modelling i.e. several side-roads were included as 

well as the Expressway route itself.  Dispersion modelling of affected links such as the existing 

SH1 was not included in the assessment of effects of the RoNS.  However,  modelling of 

contaminants from the existing SH1 “without the Project” was conducted, including emissions 

from SH1 and several intersecting roads. 

Hourly average vehicle flow rates were calculated by applying the hourly percentage data, as per 

the traffic flow data presented in Figure 4, to the projected annual average daily traffic (AADT) 

count provided by Opus for each road link.   

Ground level concentrations downwind of the Project and the existing SH1 were estimated using 

BREEZE ROADS and emission rates as determined by VEPM, as discussed above.  One modelling 

run was completed for each year assessed (2016 and 2026) using emission factors from Table 10. 

BREEZE ROADS requires meteorological data in the Industrial Source Complex (ISC) dispersion 

model format.  Meteorological data sets using observations from the Ruakura Meteorological 

Station for 2007 were developed according to procedures described in the USEPA publication 

Meteorological Monitoring Guidance for Regulatory Modelling Applications (February 2000).  

Ruakura data was used because a data set suitable for modelling had already been developed so 

was readily available.  It is not expected that the use of Ruakura data, as opposed to Hamilton 

Airport data, would have a significant influence on the magnitude of any predicted impacts from 

dispersion modelling. The frequency and location of predicted maximum events would be expected 

to vary, however, given the low level of the predicted impacts from the Project, this is not expected 

to be a major constraint. 

Specific receptors were included in the model set up for the child-care centre on Swayne Road and 

selected residences within 60 metres of the road centreline.  In addition, receptors were spaced at 

distances of 50 m and 100 m out from the road centrelines and 200 m along and parallel with the 

roads.  The model default receptor height of 1.8 m was used, which is representative of air quality 

where people are likely to be exposed to the contaminants. 

For the areas around Oaklands Drive and Saffron Street, where there are residential areas near the 

Project, the density of the receptors was increased to better characterise modelled contaminant 

concentrations in this area.  These receptors were located at distances of 50 m, 75 m, 125 m from 

the centreline of the Expressway, with 50 m spacing parallel to the roadway. 

BREEZE ROADS was used to predict maximum concentrations at the receptors for the 

contaminants PM10, NOX, CO and VOCs for the relevant time averaging periods. 



Cambridge Section of the Waikato Expressway Assessment of Effects on Air Quality 

       

 

 PAGE 38 

7.3. BREEZE Roads Setup Summary 

The model configuration and emissions estimations were calculated based on the following 

assumptions: 

 The CAL3QHCR model of the BREEZE ROADS modelling suite was used to model 

dispersion of contaminants from the roads; 

 Contaminant emission rates per vehicle-kilometre were calculated with VEPM, as presented in 

Table 10 for the 2016 and 2026 scenarios; 

 The hourly proportions of AADT on the routes are as shown in Figure 4; 

 Receptors were placed at regular distances from the road links as well as at discrete receptors 

for selected known sensitive; these were representative of the closest residential properties and 

the childcare centre; 

 Meteorological data from the meteorological station at Ruakura was developed for use with the 

model; 

 Surface roughness characteristic of rolling rural terrain was assumed; and 

 Dimensions of cuts and fills along the route were obtained from project design data. 

 

Appendix B provides an example of the BREEZE ROADS set up configuration file for PM10 used 

for this assessment. 
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8. Assessment of Effects of the Project 

8.1. Dispersion Modelling Results Summary 

The results of the BREEZE ROADS dispersion model runs are detailed below.  The location of 

sensitive receptors used in the model are given in Table 11 and shown on the map in Figure 5.  The 

maximum modelled concentration for all averaging periods was predicted to be to the northwest of 

the intersection of the Expressway with Swayne Rd.  This receptor was relatively close to the road 

at approximately 20 metres from the centreline, and may be assumed as a worst-case prediction of 

contaminant concentrations from the Project. 

Table 11 Locations of Sensitive Receptors near Expressway 

Description Distance from RoNS Centreline (metres) NZTM X NZTM Y 

Child Care Centre 50 m south 1817507 5805707 

Residence 1 30 m southwest 1819076 5804159 

Residence 2 (Oaklands Subdivision) 60 m southwest 1818755 5904518 

Residence 3 30 m south 1817865 5805540 

Residence 4 30 m north 1814601 5805979 

Residence 5 (Saffron Subdivision) 50m south 1818108 5805294 

Maximum grid receptor 20 m north 1817290 5805857 

 

No attempt has been made to single out specific receptors along the existing SH1 route for the 

“without the Project” scenario due to the high density of residences within close proximity (i.e., 

less than 25 metres) to the road centreline.  Receptors were placed at distances of 25 metres and 50 

metres from the road centreline, at intervals of 100 metres down the length of the roadway. 
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 Figure 5 - Locations of Sensitive Receptors Near Expressway 

 

 

Table 12 summarises the BREEZE ROADS model predictions at the specific receptors of interest.  

The conversion factor for NOX to NO2 is assumed to be 0.2 as recommended in the Good Practice 

Guide
18

.    

Table 13 compares the maximum predicted concentrations near the RoNS and the existing SH1 

with the NZTA trigger levels for gauging the impacts of roading projects on air quality as well as 

the relevant guidelines and standards for ambient air quality.  The predicted concentrations of 

contaminants are below all ambient air guidelines, standards and NZTA trigger levels in all 

instances. 

 

                                                      

18
 Ministry for the Environment, Good Practice Guide on Assessing Discharges to Air from Land Transport, May 2008 
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Table 12 Predicted Contaminant Concentrations (µg/m
3
) for 2016 and 2026 

 

Isopleth diagrams and results for each contaminant are presented in the following sections
19

.   All 

contaminants show the same dispersion pattern for the Expressway, with the maximum 

concentration predicted to occur at the northern edge of the Expressway near the Swayne Road 

intersection.      

                                                      

19 
Isopleth diagrams present the maximum predicted concentrations within the modelling domain for the modelling 

period (in this case 365 days or 8760 hours). The model predicts the highest concentration at each receptor and these 

highest concentrations can (and generally do) occur during different hours and days, which are all presented on the 

isopleth diagram. 

Model 
Run 

Location 

Predicted concentration at 1.8 m elevation (µg/m
3
) 

CO 8-hr 
average 

PM10  
24-hr 
average 

PM10 
annual 
average 

NOX 1-hr 
average 
(100

th
 

percentile) 

NOX  
24-hr 
average 

Benzene 
annual 
average 

2016 
Scenario 

SH1 (without 
project, 25m 
from centreline) 

191 2.1 0.5 157 25 0.2 

Expressway 
maximum (with 
project) 

168 1.6 0.6 167 21 0.2 

Swayne Rd 
Childcare 
Centre 

31 0.3 0.1 36 4.6 0.04 

Residential 1 38 0.3 0.1 44 4.9 0.04 

Residential 2 24 0.2 0.1 23 3.4 0.03 

Residential 3 43 0.4 0.1 27 6.4 0.05 

Residential 4 92 0.9 0.3 64 13 0.1 

 Residential 5 37 0.3 0.1 23 4.4 0.03 

2026 
Scenario 

SH1 (without 
project, 25m 
from centreline) 

111 1.5 0.3 115 16 0.1 

Maximum (with 
project) 

63 1.1 0.4 103 13 0.1 

Swayne Rd 
Childcare 
Centre 

12 0.2 0.1 22 2.9 0.02 

Residential 1 15 0.3 0.1 27 3.0 0.03 

Residential 2 9 0.2 0.05 14 2.1 0.02 

Residential 3 16 0.3 0.1 16 3.9 0.03 

Residential 4 34 0.6 0.2 39 7.7 0.06 

 Residential 5 14 0.2 0.1 14 2.7 0.02 
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Table 13 Maximum Predicted Contaminant Concentrations Compared to NZTA Trigger 
Points and Ambient Air Guidelines and Standards 

 
CO 8-hr 
average 

PM10  
24-hr 
average 

PM10 
annual 
average 

NO2 1-hr 
average 
(100

th
 

percentile) 

NO2  
24-hr 
average 

NO2 
annual 
average 

Benzene 
annual 
average 

SH1 Maximum 
Concentration 
(Without Project) 
(µg/m

3
) 

191 2.1 0.5 31 4.9 0.9 0.2 

Maximum 
modelled 
concentration 
(With Project) 
(µg/m

3
) 

168 1.6 0.6 33 4.2 1.5 0.2 

NZTA Trigger 
Points (µg/m

3
) 

- 2.5 - - - 2.0 - 

Waikato Region 
Ambient AQ 
Guidelines 
(µg/m

3
) 

10,000 50 20 200 100 30 3.6 

Ambient AQ 
Guidelines 
(µg/m

3
) 

10,000 50 20 200 100 - 3.6 

National 
Environmental 
Standards 
(µg/m

3
) 

10,000 50 - 200 - - - 

Note: NZTA provides a trigger value for PM2.5, however the VEPM (Version 3.0) does not provide any 

emission factors for PM2.5. 

8.2. Carbon Monoxide 

Figure 6 is an isopleth diagram of maximum 8-hour average CO concentrations from the Project in 

2016.  The maximum predicted carbon monoxide (CO) concentration is 168 µg/m
3
 as an 8-hour 

average for the 2016 scenario.  A significant reduction is seen in CO predictions for 2026 despite 

predicted increased traffic volumes, with maximum concentration predicted to be 63 µg/m
3
 as an 8-

hour average in 2026.  The predictions for CO concentrations near the existing SH1 without the 

Project were higher, at 191 µg/m
3
 in 2016 and 111 µg/m

3
 in 2026.  The maximum predicted 

concentrations are all less than 2% of the NES of 10,000 µg/m
3
 as an 8-hour average.  Taking into 

account that the background CO concentrations for the area are estimated to be less than 3,000 

µg/m
3
 as a 1-hour average and less for an 8-hour average, CO emissions from the Project are not a 

concern and the effects on the environment are considered to be less than minor. 
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Figure 6 Maximum predicted CO concentrations for 2016, 8-hour average µg/m
3
 (scale in 

metres) 

 

8.3. Particulate Matter 

Figure 7 is an isopleth of maximum 24-hour average PM10 concentrations from the Project in 2016.  

The maximum roadside concentration of PM10 is 1.6 µg/m
3
 as a 24-hour average in 2016, reducing 

to 1.1 µg/m
3
 as a 24-hour average in 2026.  The maximum concentrations at locations where 

specific receptors were included in the modelling are 0.9 µg/m
3
 as a 24-hour average (residential 

receptor) and 0.3 µg/m
3 
at the child care centre.  This represents less than 2% of the NES value of 

50 µg/m
3
 as a 24-hour average.  The modelled concentrations of PM10 near the existing SH1 

without the Project are somewhat higher due to slower traffic speeds.  Given that the NZTA trigger 

point of 2.5 µg/m
3
 for PM10 as a 24-hour average is not exceeded, and the background 

concentration in the vicinity of the development is likely be less than 20 µg/m
3
 as a 24-hour 

average, the Project will not result in a breach of the NES and the environmental effect of PM10 

emissions is considered to be less than minor.  
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Figure 7 Maximum predicted PM10 concentrations for 2016, 24-hour average µg/m
3
 (scale 

in metres) 

 

The Ministry for the Environment has also published an annual average guideline value of 20 

µg/m
3
 for PM10. The highest annual average for PM10 was 0.6 µg/m

3 
for the 2016 scenario and 0.4 

µg/m
3
 for the 2026 scenario.  Given that the annual averages measured at the peak residential site 

in Hamilton (Peachgrove Road) is around 16 µg/m
3
, the Expressway is not expected to result in a 

breach of the annual average guideline value.  As such, the PM10 concentrations resulting from the 

Project are considered to be less than minor. 

8.4. Oxides of Nitrogen (NOX) 

Figure 8 is an isopleth diagram of maximum 1-hour average concentrations of NO2 for the 2016 

scenario.  The maximum predicted oxides of nitrogen (NOX) concentration was 167 µg/m
3
 as a 1-

hour average (100
th
 percentile) for the 2016 scenario.  Using the NOX to NO2 conversion factor of 

0.2 gives a maximum NO2 concentration of 33.4 µg/m
3
 as a 1-hour average (100

th
 percentile), 

compared to the NES of 200 µg/m
3
 as a 1-hour average.   

The maximum NO2 concentration at locations where specific receptors were included in the 

modelling (due to likely population exposure under the current land use) is 7 µg/m
3
 as a 1-hour 

average (100
th
 percentile) at the child care centre as shown in Figure 8.  This represents less than 

4% of the NES value.  We note that normal practice for 1-hour average modelling predictions is to 

report the 99.9
th
 percentile for comparison against guideline values, and the above provides a more 

conservative approach. 
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NO2 concentrations were predicted to be somewhat lower near the existing SH1 without the 

Project, mainly due to the fact that the vehicle emissions model predicts lower discharge rates of 

NOX in the slower traffic projected for the Cambridge urban area.  However, the number of 

residential and other sensitive receptors potentially affected by traffic emissions are considerably 

higher for the existing SH1 route than for the Expressway. 

Figure 8 Maximum (100
th

 percentile) NO2 concentrations for 2016, 1-hour average µg/m
3
 

(scale in metres) 

 

 

The maximum predicted concentration of NO2 is 4.2 µg/m
3
 as a 24-hour average for the 2016 

scenario and is 2.6 as 24-hour averageµg/m
3
 for the 2026 scenario.  The maximum concentration is 

less than 5% of the NES guideline of 100 µg/m
3
 for NO2 as a 24-hour average. 

As Environment Waikato’s emission inventory for Hamilton
20

 estimates motor vehicle emissions 

contribute 93% of the NOX emission, and background NO2 concentrations for the area are 

conservatively estimated to be less than 100 µg/m
3
 as a 1-hour average based on monitoring 

described in Section 4.4.1, it is considered very unlikely that the Project will result in a breach of 

the NES or the ambient air quality guideline  

                                                      

20
 Environment Waikato, Hamilton Emission Inventory, 2005. 
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8.5. VOCs 

The key VOC of concern for roading developments is benzene.  As recommended in the Good 

Practice Guide
21

, modelling predictions for benzene from the Project were calculated from the 

predicted VOC concentrations estimated from the emission factors generated from the VEPM.  The 

most conservative conversion factor of 8.71% of exhaust VOC for petrol vehicles aged between 

1998 and 2001 was used.  Evaporative emissions were not calculated.  The highest annual average 

benzene prediction in this assessment was 0.2 µg/m
3
 as an annual average for the 2016 scenario 

and 0.1 µg/m
3
 for the 2026 scenario.  This is compared to the 2010 ambient air quality guideline of 

3.6 µg/m
3
 as an annual average.  Figure 9 is an isopleth diagram of the predicted benzene 

concentrations from the project in 2016.  As discussed in Section 3, benzene monitoring at peak 

traffic sites in Hamilton City complies with the 2010 guideline and the trend is that ambient 

benzene levels are decreasing due to decreased benzene content in automotive fuel.  The 

contribution of benzene to ambient air from the Project is therefore not expected to be of concern. 

Maximum benzene concentrations from the existing SH1 without the Project are predicted to be 

about the same as the maximum concentration near the proposed Expressway.   However, as with 

the other contaminants, the benzene exposure to sensitive receptors would be much higher without 

the Project due to the greater number of residences in close proximity to the existing SH1 as 

compared to the Expressway. 

                                                      

21
 MfE, Good Practice Guide on Assessing Discharges to Air from Land Transport, June 2008. 
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Figure 9 Annual average highest predicted benzene concentrations for the 2016 scenario, 
µg/m

3
 (scale in metres) 

 

8.6. Road Construction Dust Generation 

The assessment of effects of dust deposition has been undertaken qualitatively.  Predicting dust 

emissions from earthworks programs using modelling to predict downwind effects has a high 

degree of uncertainty.  Dust emissions are not continuous and tend to be short-term, such as a 

vehicle passing a point that results in a dust tail.  Such emissions and effects are therefore difficult 

to quantify.  The level of dust deposition will be dependent on the wind direction and strength, the 

distance to potential affected properties, vehicle movements and the nature of the surface material 

(moisture content and particle size distribution). 

The primary effects will be that of dust nuisance resulting from activities as described in Section 

6.3 of this report.  A visible dust plume may also be evident.  Flora and fauna immediately adjacent 

to the Project construction site may experience some effects from dust deposition; however, these 

effects will be minimal and temporary. 

Susceptibility to effects of dust from road construction is expected to decrease with distance from 

the road works.  These effects are likely to be greater downwind during periods of strong winds 

coupled with dry conditions.  The meteorology of the area (as discussed in Section 4.3) indicates 

that strong winds are predominantly from the west at the Hamilton Airport Meteorological Station, 

which would cause increased risk of dust deposition to residences to the east of the corridor.  

Section 4.1 identifies residences and other sensitive receptors within the vicinity of the Project, 

including a number of residences that are within 60 metres of the road centreline. 
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Mitigation measures to minimise the potential for adverse effects from dust during construction of 

the Project are discussed in Section 9.0 of this report.  Provided the proposed mitigation is 

implemented, effects from dust should be acceptable for the majority of the Project.  At some 

times, where wind speeds are very high and separation distances minimal, additional mitigation 

may be required, such as cleaning windows and houses. 

Vehicle movements on unpaved surfaces during the construction phase of the Project will give rise 

to airborne dust.  The Good Practice Guide for Assessing and Managing the Environmental Effects 

of Dust Emissions (2001) has indicated that limiting speed has a linear effect on dust emission and 

recommends a 10-15 km/hr speed limit to minimise dust from vehicle movements on unsealed 

areas. 

It is very unlikely even under adverse conditions that the concentration of PM10 from aggregate 

handling and from earthworks associated with construction will be of sufficient concentration to be 

detrimental to the physical health of humans or animals.  

8.7. Effects Assessment Summary 

An air dispersion modelling assessment has been conducted for the predicted traffic flows on the 

Cambridge Section of the Waikato Expressway as well as for the predicted traffic flows along the 

existing SH1 “without the Project”.  Maximum predicted concentrations of key contaminants that 

will discharge from the road network are predicted to be well within acceptable criteria at all 

receptors along the Expressway.  The maximum concentrations of contaminants from the 

Expressway are predicted to occur near the Swayne Road overbridge.   

Comparison of the assessment of discharges from the proposed Expressway with the modelling 

assessment for concentrations near the existing SH1 without the Project show that the maximum 

concentrations near roadways would generally be greater without the Expressway.  This is because 

the development is designed to divert traffic away from the existing road network and ease 

congestion, which will result in lower levels of vehicle emissions along the Expressway as 

compared to the existing route.  Furthermore, the exposure of sensitive receptors to traffic 

emissions would be much greater without the Project due to the high density of residences within 

close proximity to the existing SH1 route through the Cambridge urban area.   

Construction activities will generate dust that may impact areas in close proximity to the roading 

development, but if appropriate dust mitigation measures and controls are applied, effects of dust 

will be minimal except under rare circumstances. 
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9. Mitigation 

9.1. Expressway Operation 

The dispersion modelling described in Sections 6 and 7 above show that all contaminant 

concentrations decrease with increasing distance from the Project, and in all cases the modelling 

predicted very low ground level concentrations for all contaminants at 20 m or more from the road 

centreline.  The maximum concentrations were predicted to be at a point near the Swayne Rd 

overbridge, where the concentrations were higher than at other areas of equal distance from the 

road.  However, the maximum predicted concentrations are below the NZTA Trigger Points for 

roading projects for all contaminants.   As the background concentrations of the contaminants are 

relatively low compared to the relevant Ambient Air Quality Guidelines or NES for ambient air, 

the additional contribution from the Project is likely to have a no more than minor effect on air 

quality. 

Given the very low impact of the Project on air quality, it is considered that mitigation measures for 

general operation are not required. 

9.2. Construction Dust  

The construction phase of the Project has the potential for dust to have significant effects offsite.  

Controls and mitigation measures are recommended based on SKM’s experience with dust 

management and Ministry for the Environment’s Good Practice Guide for Accessing and 

Managing the Environmental Effects of Dust Emissions (2001).  Mitigation and control measures 

considered the best practical option to minimise dust during the construction phase of the Project 

will be incorporated into a Construction Dust Management Plan and applied where required to 

minimise the potential for adverse effects. 

Measures recommended for inclusion into a Construction Dust Management Plan include: 

 The construction site layout should be designed to minimise as far as practical travel 

distances on unpaved roads and to utilise paved roads where available. 

 Semi-permanent working areas, construction site access and haul roads should be 

constructed with an appropriate base, kept metalled, and kept damp using watering trucks 

or fixed sprinkler systems. This should be carried out in a manner to avoid generating 

muddy conditions. These measures should be a priority during construction. If paved haul 

roads are used within the construction corridor they should be maintained using vacuum 

sweeper trucks to limit dust build-up particularly through sensitive areas. 
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 Cleared areas not required for construction, access, or for parking, if liable to cause 

excessive dust during windy conditions, should be metalled or re-vegetated and cordoned 

off to prevent vehicle access. Re-vegetating exposed surfaces whenever practicable. 

 Excavated areas left exposed during dry windy conditions and liable to be dusty should be 

watered as necessary, or preferably metalled. 

 Vehicle speeds limited to less than 15 km per hour on unpaved areas close to sensitive 

areas. Drivers made aware of the sensitivity of the receiving environment. If the control of 

vehicle speed on site becomes an issue, the implementation of electronic selective speed 

signs should be considered. 

 All construction equipment and vehicles appropriately maintained to minimise exhaust 

emissions.  Prior agreements made with transport operators to ensure that vehicles used on 

public roads be appropriately maintained and all loads likely to generate dust are covered. 

Any material tracked out from the site onto public roads, if significant, to be removed by 

scraping and/or washing. 

 Loading and unloading of trucks conducted in a manner that minimises the discharge of 

dust.  During dry windy conditions loads to be wetted prior to loading or unloading to 

minimise dust generation. 

 Earthworks limited as far as practical during high wind and dry condition events. 

Earthworks carried out during dry conditions to be limited as far as practicable to minimise 

the surface area. 

 The earthworks staged as far as practical to limit the exposed surface area. 

 Installation of wind fencing of suitable length and height where needed, particularly 

adjacent to sensitive areas. Effectiveness of wind fencing is greatest when perpendicular to 

the prevailing wind conditions and of a porosity of 50%. 

 Stockpiles of topsoil, sand, and other materials liable to dry out and generate significant 

dust during windy conditions, either kept damp, allowed to crust over, protected by wind 

barriers or be covered, as appropriate. Stockpiles margins defined to minimise spread onto 

access areas and stockpile heights limited if uncovered or unprotected. Semi-permanent 

stockpiles should be seeded. 

 Establish wheel wash facilities at all site exits and any entry points to paved haul roads. 

Vehicles leaving site to be washed down to remove dust and/or coagulated material, either 

manually or automatically, via the use of high pressure water hoses, jets or water assisted 
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brushing. Detergents or hydrocarbon based liquids not be used for vehicle cleaning or dust 

suppression. 

 Clean up services for affected properties considered for those residences nearest the 

construction corridor. 

The Construction Dust Management Plan will identify procedures for implementing site dust 

controls including identifying responsibilities as follows: 

o What has to be done and why. 

o Who has to do it and/or see that it is done. 

o How it will be done. 

o The desired outcomes. 

o How these outcomes will be monitored. 

The Plan will be reviewed regularly and continually improved if found to be inadequate. 
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10. Environmental Monitoring 

The predicted impacts on air quality from the operation of the Project are very low compared with 

relevant ambient air quality guidelines and standards, and will be no more than minor, therefore no 

monitoring is proposed for the operational phase of the road.   

Dust during the construction of the Project does pose a risk primarily of adverse effects on amenity 

values for nearby residences.  Monitoring is recommended in order to ensure that this risk is 

sufficiently mitigated. 

Two methods of monitoring are available: via complaint reporting and investigation; and/or 

particulate matter monitoring, as described below. 

Complaint monitoring is essential in assessing the effectiveness of the dust controls put in place 

and will be one of the driving forces for improvement in the Construction Dust Management Plan.  

A specific complaint response procedure will be developed as part of the Construction Dust 

Management Plan and this will be communicated to potentially affected parties, including contact 

numbers.  A proactive complaint monitoring programme is also an effective way to establish good 

relationships with the affected parties. 

Dust measurement can be carried out for deposited dust or for Total Suspend Particulate Matter 

(TSP). While measurement of deposited dust is generally simple and inexpensive the sampling 

period is generally too long (minimum 15 days) to allow for quick response to dust emission 

problems.  The measurement of TSP, while more expensive, can give real time results and can be 

used for immediate response to dust issues.  There are a range of TSP monitors on the market that 

can monitor real time or real time equivalent TSP.  Many of these monitors although not as simple 

to use as a dust deposition gauge can be easy to operate following limited training. Linking these 

systems through mobile phone networks or shortwave radio make it simple to identify dust issues 

and respond in a timely fashion.  A TSP monitoring programme should be implemented to assist 

with dust management onsite if required to address any failures in the dust management system. 

TSP monitoring should be located near to sensitive receptors most at risk of effects from 

construction dust.  The monitor/s should be moved as needed to be nearest those receptors most at 

risk depending on the stage of construction and considering the likely weather conditions and 

prevailing winds relative to the receptors. 
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Glossary of Terms and Abbreviations 

AADT Annual average daily traffic 

ARC Auckland Regional Council 

Atmospheric mixing height The height to which significant mixing of added pollutants occurs 

within the atmosphere. 

 

Atmospheric stability The resistance of the atmosphere to vertical motion. The distribution 

of temperature vertically in the troposphere influences vertical 

motion. A large decrease of temperature with height indicates an 

unstable condition which promotes up and down currents. A small 

decrease with height indicates a stable condition which inhibits 

vertical motion. Where the temperature increases with height, 

through an inversion, the atmosphere is extremely stable. 

 

BREEZE ROADS Software containing line source dispersion models including 

CAL3QHCR. 

CAL3QHCR Line source dispersion model used to represent the dispersion of 

emissions from roads, which incorporates meteorological data to 

predict concentrations in air for variable averaging periods. 

 

CO Carbon monoxide 

DP Deposited particulate matter 

EPI Ministry for the Environment Environmental Performance Indicators 

HCVs Heavy commercial vehicles 

Isopleth diagrams Used to present the results of dispersion modelling, showing the 

highest concentration at each point that occurs for the entire period 

modelled, usually based on at least 1 year of data. 

 

LCVs Light commercial vehicles 

MoH Ministry of Health 

NES National Environmental Standards for ambient air quality (2004) 

NIWA National Institute of Water and Atmosphere 

NO2 Nitrogen dioxide 
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NOX Oxides of nitrogen 

NZTA New Zealand Transport Agency 

PM2.5 Particulate matter  smaller than 2.5 microns in diameter 

PM10 Particulate matter  smaller than ten microns in diameter 

Receptors Points specified within an area where the concentration of 

contaminants in air is specifically calculated by an air dispersion 

model. 

 

RMA Resource Management Act (1991) 

RPS Operative Waikato Regional Policy Statement (October 2000) 

SO2 Sulphur dioxide 

TSP Total Suspend Particulate Matter 

USEPA United States Environmental Protection Agency 

VEPM Vehicle Emissions Prediction Model (Version 3.0) 

VOC Volatile Organic Compound 

WRP Waikato Regional Plan (Operative in Part, 28 September 2007) 
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Appendix A Waikato Expressway Cambridge Section Location Map 
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Appendix B Breeze Roads Set Up for PM10 

 

                     CAL3QHCR - (DATED 95221)  

 

              CAL3QHCR PC (32 BIT) VERSION 3.1.1 

             (C) COPYRIGHT 1993-2001, TRINITY CONSULTANTS 

 

 Run Began on 11/25/2010 at 16:38:24 

 

 

     DATE : 11/25/2010                                                                                                 

PAGE:  1 

     TIME : 16:38:24 

 

     JOB: CAMBRIDGE BYPASS AIR QUALITY ASSESSMENT                     

RUN: PM10 EMISSIONS-2026  PREDICTIONS 6OCT10  

 

       =================== 

       General Information 

       =================== 

 

         Run start date:  1/ 1/ 7    Julian:   1 

               end date: 12/31/ 7    Julian: 365 

 

         A Tier 2 approach was used for input data preparation. 

 

         The MODE flag has been set to P for calculating PM averages. 

 

         Ambient background concentrations are excluded from the 

averages below. 

 

 

       Site & Meteorological Constants 

       ------------------------------- 

         VS =   0.0 CM/S       VD =   0.0 CM/S       Z0 =  40. CM     

ATIM =  60. 

 

           Met. Sfc. Sta. Id & Yr = 26117  2007 

           Upper Air Sta. Id & Yr = 26117  2007 

 

         CAUTION: The input years for the Run and Meteorological data  

                  differ.  The respective values are:   7 and 2007. 

 

         Rural mixing heights were processed. 

 

         In 2007, Julian day 1 is a Monday.    

 

         The patterns from the input file 

         have been assigned as follows: 
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           Pattern # 1 is assigned to Monday.    

           Pattern # 1 is assigned to Tuesday.   

           Pattern # 1 is assigned to Wednesday. 

           Pattern # 1 is assigned to Thursday.  

           Pattern # 1 is assigned to Friday.    

           Pattern # 1 is assigned to Saturday.  

           Pattern # 1 is assigned to Sunday.    

 

       Link Data Constants - (Variable data in *.LNK file) 

       ------------------- 

 

             LINK DESCRIPTION     *         LINK COORDINATES (M)           

*   LENGTH   BRG  TYPE    H     W  NLANES 

                                  *     X1        Y1        X2        

Y2   *     (M)   (DEG)        (M)   (M) 

          ------------------------*----------------------------------

------*---------------------------------------- 

           1. LINK 1- OFF RAMP MOT*  11110.0    6784.0   11577.0    

6250.0 *     709.   139.  FL    6.1  20.0 

           2. LINK3-OFFRAMP MW    *  11606.0    6171.0   11634.9    

6018.1 *     156.   169.  FL    4.7  20.0 

           3. LINK3-OFFRAMP MW    *  11634.9    6018.1   11652.8    

5943.9 *      76.   166.  FL    4.7  20.0 

           4. LINK3-OFFRAMP MW    *  11652.8    5943.9   11670.6    

5865.6 *      80.   167.  FL    4.7  20.0 

           5. LINK3-OFFRAMP MW    *  11670.6    5865.6   11760.0    

5662.0 *     222.   156.  FL    4.7  20.0 

           6. LINK4-OFFRAMP MW    *  11386.0    6371.0   11760.0    

5662.0 *     802.   152.  FL    0.6  20.0 

 

 Trinity Consultants CAL3QHCR+ (Dated: 95221) 

 

     DATE : 11/25/2010                                                                                                 

PAGE:  2 

     TIME : 16:38:24 

 

     JOB: CAMBRIDGE BYPASS AIR QUALITY ASSESSMENT                     

RUN: PM10 EMISSIONS-2026  PREDICTIONS 6OCT10  

 

       Link Data Constants - (Variable data in *.LNK file) 

       ------------------- 

 

             LINK DESCRIPTION     *         LINK COORDINATES (M)           

*   LENGTH   BRG  TYPE    H     W  NLANES 

                                  *     X1        Y1        X2        

Y2   *     (M)   (DEG)        (M)   (M) 

          ------------------------*----------------------------------

------*---------------------------------------- 

           7. LINK5-HIGHWAY MW    *  10990.0    6923.0   11487.0    

6278.7 *     814.   142.  FL    2.1  20.0 
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           8. LINK5-HIGHWAY MW    *  11487.0    6278.7   11663.2    

6153.6 *     216.   125.  FL    2.1  20.0 

           9. LINK5-HIGHWAY MW    *  11663.2    6153.6   11941.8    

6045.6 *     299.   111.  FL    2.1  20.0 

          10. LINK5-HIGHWAY MW    *  11941.8    6045.6   12157.9    

6017.1 *     218.    98.  FL    2.1  20.0 

          11. LINK5-HIGHWAY MW    *  12157.9    6017.1   14500.4    

5954.6 *    2343.    92.  FL    2.1  20.0 

          12. LINK5-HIGHWAY MW    *  14500.4    5954.6   15772.0    

5926.0 *    1272.    91.  FL    2.1  20.0 

          13. LINK6-SIDERD-PKRD   *  14541.0    6243.0   14533.0    

5994.0 *     249.   182.  FL    4.8  20.0 

          14. LINK7-SIDERD-PKBR   *  14533.0    5994.0   14531.0    

5915.0 *      79.   181.  BR    9.7  20.0 

          15. LINK8-SIDERD-PKRD   *  14531.0    5915.0   14521.0    

5602.0 *     313.   182.  FL    4.8  20.0 

          16. LINK9-MW-RISEOB     *  15772.0    5926.0   16181.0    

5917.0 *     409.    91.  FL    4.9  20.0 

          17. LINK10-MW-OVBR      *  16181.0    5917.0   16265.0    

5915.0 *      84.    91.  BR    8.3  20.0 

          18. LINK11-MW-RIOVBR    *  16265.0    5915.0   16772.0    

5904.0 *     507.    91.  FL    5.3  20.0 

          19. LINK12-VICRD-NOIN   *  16091.0    6365.0   16182.0    

6025.0 *     352.   165.  AG    0.0  20.0 

          20. LINK13-VICRD-INS    *  16182.0    6025.0   16235.0    

5832.0 *     200.   165.  AG    0.0  20.0 

          21. LINK14-VCRD-SIN     *  16235.0    5832.0   16316.0    

5571.0 *     273.   163.  AG    0.0  20.0 

          22.                     *  15653.0    5940.0   15958.7    

5968.8 *     307.    85.  FL    0.6  20.0 

          23.                     *  15958.7    5968.8   16083.8    

5991.6 *     127.    80.  FL    0.6  20.0 

          24.                     *  16083.8    5991.6   16172.0    

6014.0 *      91.    76.  FL    0.6  20.0 

          25. LINK16-VIRDTOWST    *  15475.0    5921.0   15901.9    

5886.4 *     428.    95.  FL    0.7  20.0 

          26. LINK16-VIRDTOWST    *  15901.9    5886.4   16027.0    

5857.9 *     128.   103.  FL    0.7  20.0 

          27. LINK16-VIRDTOWST    *  16027.0    5857.9   16117.9    

5835.2 *      94.   104.  FL    0.7  20.0 

          28. LINK16-VIRDTOWST    *  16117.9    5835.2   16226.0    

5830.0 *     108.    93.  FL    0.7  20.0 

          29. LINK17-TVCRD-SB     *  16245.0    5828.0   16396.5    

5863.6 *     156.    77.  FL    1.5  20.0 

          30. LINK17-TVCRD-SB     *  16396.5    5863.6   16504.5    

5863.6 *     108.    90.  FL    1.5  20.0 

          31. LINK17-TVCRD-SB     *  16504.5    5863.6   16658.1    

5869.3 *     154.    88.  FL    1.5  20.0 

          32. LINK17-TVCRD-SB     *  16658.1    5869.3   16825.0    

5891.0 *     168.    83.  FL    1.5  20.0 
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          33. LINK18-VCRDTEST     *  16196.0    6021.0   16265.7    

6014.3 *      70.    95.  FL    0.9  20.0 

          34. LINK18-VCRDTEST     *  16265.7    6014.3   16388.0    

5963.1 *     133.   113.  FL    0.9  20.0 

          35. LINK18-VCRDTEST     *  16388.0    5963.1   16932.0    

5911.0 *     546.    95.  FL    0.9  20.0 

          36. LINK19-MW           *  16772.0    5904.0   17064.6    

5890.6 *     293.    93.  FL    1.6  20.0 

          37. LINK19-MW           *  17064.6    5890.6   17226.6    

5865.1 *     164.    99.  FL    1.6  20.0 

          38. LINK19-MW           *  17226.6    5865.1   17391.5    

5819.6 *     171.   105.  FL    1.6  20.0 

          39. LINK19-MW           *  17391.5    5819.6   17599.0    

5737.1 *     223.   112.  FL    1.6  20.0 

          40. LINK19-MW           *  17599.0    5737.1   17846.3    

5597.8 *     284.   119.  FL    1.6  20.0 

          41. LINK19-MW           *  17846.3    5597.8   18073.8    

5421.6 *     288.   128.  FL    1.6  20.0 

          42. LINK19-MW           *  18073.8    5421.6   18287.0    

5186.0 *     318.   138.  FL    1.6  20.0 

          43. LINK20-MW HWY       *  18287.0    5186.0   18574.1    

4848.7 *     443.   140.  DP   -3.5  20.0 

          44. LINK20-MW HWY       *  18574.1    4848.7   18886.8    

4482.0 *     482.   140.  DP   -3.5  20.0 

          45. LINK20-MW HWY       *  18886.8    4482.0   19185.3    

4084.0 *     498.   143.  DP   -3.5  20.0 

          46. LINK20-MW HWY       *  19185.3    4084.0   19301.9    

3899.3 *     218.   148.  DP   -3.5  20.0 

          47. LINK20-MW HWY       *  19301.9    3899.3   19430.0    

3703.0 *     234.   147.  DP   -3.5  20.0 

 

 Trinity Consultants CAL3QHCR+ (Dated: 95221) 

 

     DATE : 11/25/2010                                                                                                 

PAGE:  3 

     TIME : 16:38:24 

 

     JOB: CAMBRIDGE BYPASS AIR QUALITY ASSESSMENT                     

RUN: PM10 EMISSIONS-2026  PREDICTIONS  

 

       Link Data Constants - (Variable data in *.LNK file) 

       ------------------- 

 

             LINK DESCRIPTION     *         LINK COORDINATES (M)           

*   LENGTH   BRG  TYPE    H     W  NLANES 

                                  *     X1        Y1        X2        

Y2   *     (M)   (DEG)        (M)   (M) 

          ------------------------*----------------------------------

------*---------------------------------------- 

          48. LINK21              *  17409.0    6142.0   17400.0    

5854.0 *     288.   182.  FL    4.4  20.0 
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          49. LINK22-SWRDOBBR     *  17400.0    5854.0   17397.0    

5776.0 *      78.   182.  BR    8.7  20.0 

          50. LINK23-SWRDRISE     *  17397.0    5776.0   17389.0    

5508.0 *     268.   182.  FL    4.4  20.0 

          51. LINK24-APLBYRD      *  17408.0    6015.0   17502.4    

6009.3 *      95.    93.  AG    0.0  20.0 

          52. LINK24-APLBYRD      *  17502.4    6009.3   17567.8    

5978.1 *      72.   116.  AG    0.0  20.0 

          53. LINK24-APLBYRD      *  17567.8    5978.1   17621.8    

5901.3 *      94.   145.  AG    0.0  20.0 

          54. LINK24-APLBYRD      *  17621.8    5901.3   17675.8    

5835.9 *      85.   140.  AG    0.0  20.0 

          55. LINK24-APLBYRD      *  17675.8    5835.9   17749.7    

5801.8 *      81.   115.  AG    0.0  20.0 

          56. LINK24-APLBYRD      *  17749.7    5801.8   17836.0    

5799.0 *      86.    92.  AG    0.0  20.0 

          57. LINK25-THRNRD       *  18997.1    4079.0   19150.0    

4074.0 *     153.    92.  AG    0.0  20.0 

          58. LINK26-THNBRD       *  19150.0    4074.0   19234.0    

4071.0 *      84.    92.  AG    0.0  20.0 

          59. LINK27-THNRD        *  19234.0    4071.0   19336.0    

4069.0 *     102.    91.  AG    0.0  20.0 

          60.                     *  19295.0    4074.0   19296.2    

4154.4 *      80.     1.  AG    0.0  20.0 

          61.                     *  19296.2    4154.4   19287.7    

4188.5 *      35.   346.  AG    0.0  20.0 

          62.                     *  19287.7    4188.5   19179.6    

4347.7 *     192.   326.  AG    0.0  20.0 

          63.                     *  19179.6    4347.7   19171.1    

4373.3 *      27.   342.  AG    0.0  20.0 

          64.                     *  19171.1    4373.3   19171.1    

4420.0 *      47.   360.  AG    0.0  20.0 

          65. LINK29-MW-BRDOVKG   *  19430.0    3703.0   19561.0    

3526.0 *     220.   143.  BR    7.0  20.0 

          66. LINK30-MW           *  19561.0    3526.0   19738.2    

3323.6 *     269.   139.  DP   -1.6  20.0 

          67. LINK30-MW           *  19738.2    3323.6   19861.9    

3199.9 *     175.   135.  DP   -1.6  20.0 

          68. LINK30-MW           *  19861.9    3199.9   19999.0    

3080.0 *     182.   131.  DP   -1.6  20.0 

          69. LINK31-MW           *  19999.0    3080.0   20212.0    

2912.0 *     271.   128.  AG    0.0  20.0 

          70. LINK32-MW           *  20212.0    2912.0   20240.0    

2891.0 *      35.   127.  BR    0.7  20.0 

          71.                     *  20240.0    2891.0   20808.0    

2446.0 *     722.   128.  FL    0.7  20.0 

          72. LINK34-TRTOTP       *  19815.0    2820.0   20131.3    

2855.2 *     318.    84.  DP   -4.0  20.0 

          73. LINK34-TRTOTP       *  20131.3    2855.2   20253.5    

2828.2 *     125.   102.  DP   -4.0  20.0 
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          74. LINK34-TRTOTP       *  20253.5    2828.2   20418.4    

2720.2 *     197.   123.  DP   -4.0  20.0 

          75. LINK34-TRTOTP       *  20418.4    2720.2   20550.0    

2667.0 *     142.   112.  DP   -4.0  20.0 

          76. LINK35-OFFRAMP-MW   *  19854.0    2808.0   20112.8    

2870.9 *     266.    76.  AG    0.0  20.0 

          77. LINK35-OFFRAMP-MW   *  20112.8    2870.9   20242.1    

2907.8 *     134.    74.  AG    0.0  20.0 

          78. LINK35-OFFRAMP-MW   *  20242.1    2907.8   20331.7    

2889.3 *      91.   102.  AG    0.0  20.0 

          79. LINK35-OFFRAMP-MW   *  20331.7    2889.3   20419.8    

2831.1 *     106.   123.  AG    0.0  20.0 

          80. LINK35-OFFRAMP-MW   *  20419.8    2831.1   20472.4    

2758.6 *      90.   144.  AG    0.0  20.0 

          81. LINK35-OFFRAMP-MW   *  20472.4    2758.6   20480.0    

2690.0 *      69.   174.  AG    0.0  20.0 

          82. LINK2-OFFRAMP MW    *  11577.2    6250.0   11606.0    

6171.0 *      84.   160.  BR    9.8  20.0 
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       Receptor Data 

       ------------- 

 

                                   *           COORDINATES (M)  

              RECEPTOR             *         X          Y          Z 

          -------------------------*---------------------------------

---- 

           1. CHILD CARE CENTRE    *     17506.9     5706.7        

1.8 

           2. RESIDENTIAL 1        *     19076.5     4158.8        

1.8 

           3. RESIDENTIAL 2        *     18754.9     4517.6        

1.8 

           4. RESIDENTIAL 3        *     17865.4     5539.9        

1.8 

           5. RESIDENTIAL 4        *     14601.1     5979.4        

1.8 

 

       Model Results 

       ------------- 

 

         Remarks : In search of the wind direction corresponding 

                   to the maximum concentration, only the first 
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                   direction, of the directions with the same maximum 

                   concentrations, is indicated as the maximum. 

 

                 * MAXIMUM HOURLY CONCENTRATIONS WITH ANY AMBIENT 

BACKGROUND CONCENTRATIONS (BKG) ADDED 

                 *   (MICROGRAMS/M**3) 

                 *   REC1         REC2         REC3         REC4         

REC5  

         --------*---------------------------------------------------

-------------- 

         MAX+BKG * 0.183680E+01 0.223016E+01 0.114794E+01 

0.132600E+01 0.323063E+01 

         - BKG   * 0.000000E+00 0.000000E+00 0.000000E+00 

0.000000E+00 0.000000E+00 

         --------*---------------------------------------------------

-------------- 

           MAX   * 0.183680E+01 0.223016E+01 0.114794E+01 

0.132600E+01 0.323063E+01 

         WIND DIR*          276          142          137          

114           93 

         JULIAN  *          155          114          178          

201          164 

         HOUR    *           18           18           17            

8            8 

 

 

         THE HIGHEST CONCENTRATION OF 0.323063E+01 UG/M**3 OCCURRED 

AT RECEPTOR REC5 . 
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