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ATTACHMENT A

Qualifications and Experience
Evidence of Roger Cudmore
QUALIFICATIONS AND EXPERIENCE

| am an experienced air quality & wastewater consulting engineer with 26 years of
professional experience working on both New Zealand and international air quality
projects. | graduated from the University of Canterbury in 1986 with an honours degree
in Chemical & Process Engineering. For many years, | have been routinely engaged
by Fonterra, Alliance, Ravensdown, Lowe Corp, Solid Energy and other industries as
well as regulatory organisations to provided air quality management advice and expert
testimony. This has involved both Environment Court and council hearings since the
early days of the Resource Management Act 1991 and with respect to air quality
management matters. These have largely involved the consideration of health and
nuisance effects of air emissions and their effective mitigation via engineering and
management systems and consent conditions. Over the years | have had to worked
very closely with professionals in environmental law & planning, human health,
toxicology related air quality effects and have gained a wide knowledge of air quality
regulation and management in New Zealand and internationally.

My professional affiliations and positions including the following:

e Corporate Member of the Clean Air Society of Australia and New Zealand
(CASANZ)

e CASANZ Certified Air Quality Professional

e Past NZ Branch Chairman of CASANZ

o Past Chair of the CASANZ Odour Special Interest Group
e Resource Management Law Association of NZ (RMLA)

o Leader of the RMLA Air Quality Knowledge Hub

REGULATORY SECTOR

| have undertaken a number of air quality management related projects and acted an
expert witness for the regulatory sector since the early 1990s. This has involved audits
of consent applications for industrial and commercial processes on behalf of various
Regional Councils, airshed air quality modelling, research of literature, and providing
expert testimony to the Environment Court on behalf of the Canterbury Regional
Council. Examples are listed below.

e Environment Canterbury (2017): Audit of odour effects assessment prepared
for Canterbury Landscape composting facility, Rangiora.

e Wellington Regional Council (2015-2017): Audit of AEE, provide expert
evidence regarding odour effects from the Taylor Preston Abattoir, Wellington.

e Waikato Regional Council (2013): Audit of AEE for Cresta Mushrooms air
discharge consent variation for Waikato Regional Council (2013).



e Greater Wellington Regional Council and the NZ Environmental
Protection Agency (2011). Audit of air quality effects assessment for the
Transmission Gully By-Pass.

e Canterbury Regional Council (2010): Investigation of air quality effects
research due to urban outdoor burning practices and presentation of expert
testimony at plan change hearing.

e Canterbury Regional Council (2007/08): Technical lead of airshed modelling
of transport, industry and domestic sector emissions for the city of
Christchurch.

e Canterbury Regional Council (2008): Presentation of expert testimony to the
Environment Court in respect to appeals against the Canterbury Natural
Resources Regional Plan - Air Section.

e Auckland Council (2007). Audit of air quality health risk assessment due to
contamination under a super market complex in the North Shore for the

e Ministry for the Environment (2005): Audit of dioxin air emission controls
employed for the the remediation of the contaminated Mapua site, Tasman
District.

e Ministry for the Environment (2002): Prepare Technical Report 24 for MfE
with respect to Good Practice Odour Management and Assessment tools (MfE
Technical Report 24).

e Ministry for the Environment (2002): MfE review panel member for the
development of the up-dated ambient air quality guidelines (2002) and good
practice guide for atmospheric dispersion modelling.

e Canterbury Regional Council (2001): Hearings commissioner for an
application for air discharges from the Christchurch Airport Engine Testing
Facility.

e Canterbury Regional Council (1997/98): Preparation of technical reports
regarding outside burning practices and odour management to assist in the
preparation of the Canterbury Regional Plan - Air Chapter.

e Canterbury Regional Council (1991- 1997): Audit of AEE’s and provide
expert testimony regarding air and odour emissions with respect to
Christchurch City Council Boilers, Alpine Dairy Milk Processing - Clandeboye,
South Canterbury By-Products, Timaru, Canterbury Malting Ltd - Christchurch,
Canterbury Meat Packers - Ashburton.

e Ministry for the Environment (1991/92): Prepare report for MfE on use of
olfactometry for regulation of environmental odours in NZ: Odour Nuisance
Control: Recommendations to the Ministry for the Environment”, Agricultural
Engineering Institute Report 2496/1, New Zealand (1994).

EXPERT TESTIMONY

With regards to expert testimony provided to the Environment Court or Air Plan Hearing
Commissioners, examples include the following:



Expert air quality evidence to the Court (2018 and 2019) regarding odour and
health risk associated with the Taranaki’'s petroleum exploration and
processing industry. ENV-2016-WLG-000071.

Expert air quality evidence to the Court (2018) regarding odour and dust effects
and management associated with the Horowhenua Landfill, Levin. ENV-2016-
WLG-000080.

Expert air quality evidence to the Waikato Regional Council regarding a
proposed 360 Megawatt electrical (MWe), Otorohanga. Nova Energy Ltd.
(2017)

Expert air quality evidence to the Court regarding odour and health risk
associated with the proposed spray irrigation of treated municipal effluent from
the Foxton wastewater treatment plant. ENV-2016-WLG-000026. 2016

Expert air quality evidence to the Proposed Canterbury Air Regional Plan,
Policies and Rules with respect to air quality management. Fonterra and
Ravensdown, 2015/16.

Expert air quality evidence to policies and rules within the Southland Regional
Air Plan — Stage 1 ("Proposed Air Plan™). Fonterra, 2015.

Expert air quality evidence to the Proposed Auckland Unitary Plan Hearings for
Topic 035 regarding proposed use of World Health Guidelines for Air Quality.
NZ Starch, 2015.

Expert air quality evidence to the Court regarding reverse sensitivity effects of
residential development opposite the Belfast Industrial Zone. Lowe
Corporation, 2011.

Expert air quality evidence to the Court regarding sulphur dioxide (SO3) effects
and associated modelling from an acid manufacturing plant. Ravensdown
Fertiliser, 2010.

Expert evidence to the Court regarding construction dust effects from the
construction the extended Marlborough District Hydro-scheme. Main Power,
2009.

Expert evidence to the Court regarding construction dust effects from the
construction Mahinerangi Wind Farm, Dunedin. Trust Power, 2008.

Expert air quality evidence to the Court regarding the Appealed Canterbury
Regional Air Plan. Canterbury Regional Council, 2009.

Expert air quality testimony to the Court regarding odour effects from an
existing mushroom compost. NZ Mushrooms Ltd. 2007.

Expert air quality testimony to the Court regarding an appeal of the Selwyn
District planning rules for intensive piggery expansions. NZ Pork Board vs
Selwyn District Council. 2006.

Expert testimony to the Court regarding nuisance odour effects from a
proposed chicken growing operation. Environment Court Decision (Canterbury
Regional Council v M & D Rickerby C/2002). For MJ & DT Rickerby. 2002 —
2005.



e Expert air quality evidence to the Court regarding the appeal of the air permit
term as granted by Environment Southland (2002). For Alliance Group Limited.
2002.

e Expert evidence to the Court regarding dust nuisance effects from a peat
harvesting operation. Environment Court Decision (Ravensdown Growing
Media Limited v Southland Regional Council C194/2000). For Ravensdown
Growing Media Ltd. 1997/ 98.

e Provided expert evidence to the Court odour nuisance an regarding injunction
applied for by Green-McCarghill against the continued operation of the
Rosedale Landfill, Northshore City.

e Provided expert evidence given to the Court regarding odour effects from the
AFFCO Imlay rendering plant. 1997.

ENVIRONMENTAL IMPACT ASSESSMENT - AIR QUALITY

| have completed numerous environmental impact assessments (EIAs) mainly in
support of resource consent applications or other similar licenses overseas. The EIAs
have covered a wide range of sectors including transport, industrial, manufacturing and
mining sectors. These assessments have been largely based on atmospheric
modelling of emissions from industrial stack discharges involving common and
hazardous pollutants. Industrial activities have involved large coal-fired and gas-fired
energy plants (NZ, New Guinea), industrial and municipal incinerators (Singapore),
kraft and mechanical pulp & paper mills (NZ), cement manufacture, mineral processing
(Armenia Bulgaria, Fiji and NZ), fertiliser, food and manufacturing and other chemical
& process industries (NZ).

I have been the technical lead for a number of airshed air quality assessments that
account for emissions from the domestic, industry and transport sectors with urban
areas. This involved the use and analysis of air emission inventory, airshed modelling
and source apportionment investigations. These projects have were undertaken for
both regulatory and private sector clients for the Christchurch, Nelson and Dunedin City
Airsheds.

PROJECT EXAMPLES

NZ Transport Agency (2019): Technical lead for assessment of ambient dust effects
associated with the construction of the northern motorway improvement project
expansion (Auckland) and construction of a new bus station at Rosedale including
reverse sensitivity effects.

West Connex, Sydney (2018): Technical lead for the assessment of PMuo, air toxins
and civil aviation plume-rise effects associated ventilation of tunnel air from the Rozelle
Interchange, Sydney.

North Power Ltd (2018): Assessment of dust exposure, monitoring programme
design and health risk for maintenance crews working on Transpower owned power
transmission pylons.



Air New Zealand (2015-2017): Assessment of worker health risk associated with
fugitive aircraft engine emissions at Christchurch Airport.

Horowhenua District Council (2016/17): Assessment of regional landfill odour
effects and compliance of mitigation with good practice.

AFFCO NZ Ltd (2016/17): Assessment of odour and boiler discharge effects and
recommendations for upgrade of odour control systems for rendering and wastewater
treatment facility. Provide expert testimony to air discharge hearing, Whanganui.

Veolia New Zealand (2016): Review and recommendations for improved
management of biofilter systems and associated air consent conditions for Wellington
City’s municipal sludge dewatering facility at Carey’s Gully, Brooklyn, Wellington.

Z Energy (2015/16): Assessment of health risk and odour effects beyond the boundary
of kiwi fruit orchards from standard agrichemical spraying practices in the Bay of Plenty.
Based on spray drift modelling and ambient monitoring.

NZ Starch (2015): Provide expert testimony to the Auckland Unitary Plan and
Southland Regional Plan hearings with respect the use of Ministry for the Environment
and World Health Air Quality Guidelines.

Gelita (NZ) (2015): Assessment of odour effects and recommendations for upgrade
of odour control systems for hide storage and gelatine production facility. Provide
expert testimony to air discharge hearing, Christchurch.

Nova Energy (2011 - 2016): Air quality impact assessment for 150 MW gas-fired
power generation two plants in the Taranaki region (McKee and Junction Road) and a
360 MWe plant in the southern Waikato, Otorohanga.

Alliance Group Ltd (2008 - 2016). Technical lead and presentation for
BPO/technology reviews and modelling based assessments of air quality and nuisance
effects associated with air discharges from the Alliance Stockburn, Levin, Pukeuri and
Lorneville meat processing plants. Processes include coal-fired boilers, rendering, hide
processing, wastewater treatment, composting and land irrigation of treated
wastewater.

NZ Transport Agency (2014): Technical review of reports regarding validation of the
vehicle emission model (VEPM) and for the assessment of air quality effects from the
proposed West Belfast By-Pass, Christchurch.

NZ Transport Agency (2014): Team member for the research project, Understanding
Vehicle Emission trends in New Zealand.

SembCorp, Singapore (2013 - 2014): Air dispersion modelling based assessment of
a proposed 1000 tons/day municipal waste to energy incineration plant for Jurang
Island, Singapore.

Exxon Mobil (2013): Review of odour assessments prepared for rehabilitation of old
tank farmland at Auckland Port and assisted in resolving an appeal to the Environment
Court regarding odour mitigation measures imposed by the Auckland Council.

Solid Energy Renewable Fuels (2005 - 2012): Assessment of waste wood drying
and processing for pellet production.

Ravensdown Co-operative Group (2003 - 2011): Completing air quality
assessments for fluoride, SO2, PM1o and total acidic discharge (H2SO2 equiv) Acidic
discharge and fluoride emissions were assessed for potential damage to commercial
crops and vegetation. Identified acidic discharges as cause of observed vegetation
damage as opposed to the convention view that fluoride was responsible. Specified
measures for mitigation of crop effects due to acidic discharges to air.



Oceania Gold (2010): Technical review of pressure oxidation plant emissions
modelling for the Macraes Flat site, Otago.

Fonterra Edendale (1997-2010). Provided air consultancy services to the Edendale
dairy factory site since late 1990s to support the progressive site expansions including
the assessment of existing coal-fired boilers. Work included recommended mitigation
strategies to minimise ambient SO2 impacts soot problems, validation of complex
dispersion model tools at the site as part of a government funded FRST research
programme and prepared annual air quality monitoring reports.

Namosi Joint Venture (2009): Project direction and technical review of an
assessment of air quality, dust and greenhouse gases as part of the Waisoi Project
Pre-feasibility Stage Environmental and Social Impact Assessment (ESIA) study.

Solid Energy NZ Ltd (2009): Assessment of air quality effects due to a proposed coal
mine air shaft emissions from the Huntley Coal Mine.

Trust Power (2008 - 2009): EIA of air quality effects (construction dust) and expert
testimony the Regional Council and Environment Court hearings for the Mahinerangi
Wind Farm, Otago.

Trust Power (2008 - 2009): Assessment of air quality effects (construction dust) and
expert testimony the Environment Court for a large-scale hydropower schemes on the
Arnold River (West Coast) and Waiou River Marlborough.

Solid Energy NZ Ltd (2004 - 2008): The assessment of air emissions from domestic
heating (including wood pellet fires), industry and the vehicle sectors within a number
of South Island Cities including Christchurch, Nelson and Dunedin. Work has included
reviewing emission inventories, complex modelling, expert testimony and assistance
with successful mediation talks.

New Zealand Industry Group, (2008): Co-authored a technical review recent and
historical research investigations that have been cited by the WHO 2005 in developing
their recommended guideline for 24-hr SO2.

Fonterra (1997 - 2009): Prepare modelling based assessment of air emissions at the
Clandeboye dairy factory using complex modelling of air emissions using TAMP and
CALMET and CALPUFF to assess impacts on flat terrain where inversion fumigation
events. This was to support the progressive site expansions including new coal fired
energy plants and powder plants. Work included recommending emissions mitigation
measures, manage the implementation of the site's air quality monitoring programme
preparing annual reports to Environment Canterbury. Also included design and
installation of a biofilter for treating wastewater tank odours and presentation of expert
testimonies to various Regional and District Council Hearing committees.

Genesis Energy (2007 - 2008): New Plymouth: Assessment of air contaminant and
dust emissions on human health for a proposed new LNG Terminal including modelling
of air discharges from the New Plymouth Power Station (Gasbridge).

Deno Gold Mining Company (2007): Project direction and technical review of
baseline survey of ambient dust and contributions from the gold mining and ore
processing operation in township of Kapan, Republic of Armenia.

Fonterra / Genesis Energy (2006 - 2007): Site assistance (then NZDG) in applying
for a variation to existing air permit conditions for the operation of the gas-fired
cogeneration plant at Te Awamutu while allowing for an increased NOXx discharge.



Dundee Precious Metals Inc. (2006 - 2007). Project director and technical review for
the assessment of fine dust emission rates and potential effects from an existing mine
and proposed expansion in Chelopech, Bulgaria.

NZ Refinery Company (2006 - 2007): Assessment of cumulative sulphur dioxide
emission impacts using complex modelling due to the New Zealand Oil Refinery at
Marsden Point and proposed re-firing of the Marsden B Power station. Submissions to
Marsden B consent hearings and the variations to the Northland Regional Plan.

Fonterra (2006): Prepared an assessment of effects reports for boiler discharges at
the Marlborough and Brightwater sites (Nelson).

Contact Energy (2005): Combustion emissions assessment and dispersion modelling
of air quality effects of a confidential coal-fired power station proposal in the North
Island of New Zealand.

Fonterra (2004): Prepared an assessment of effects report to assist with the process
plant being re-commissioned and including a new powder plant water scrubber at
Morrinsville, Waikato.

NZ Aluminium Smelters, Te Wai Point, (2004): Combustion emissions assessment
and dispersion modelling of air quality effects of a confidential coal-fired power station
proposal in the North Island of New Zealand.

Fonterra Whareroa, Taranaki (2003 - 2004): Assessed air emissions from a proposed
new 250 MW coal-fired co-generation plant. Including the selection of the appropriate
site, combustion calculations and emissions quantification, complex modelling of air
emissions CALMET / CALPUFF and assessment of mitigation options to minimise
particulate and SO2 impacts. Presentation of expert testimony to the Environment
Court in regards to CO2 emissions and the potential corrosion effects due to SOx
emissions to air.

Holcim New Zealand (2003): Complex modelling and assessment of dioxins, metal
and general priority pollutant effects due to kiln emissions and use of alternative fuels.

Tasman Pulp Mill (2000) and Carter Holt Harvey (2003): Management of community
wide environmental surveys for both Kinleith and Tasman Pulp Mill sites. Dispersion
modelling assessment of pulp mill air emissions.

Carter Holt Harvey Kinleith & Kawerau. (1997, 2001, 2003): Technical expert for
mediation talks regarding the appeal of air permit conditions by CHHL for their Kinleith
site, as granted by Environment Waikato (Completed 1999).

Oceania Gold NZ (Macraes) (2002): Assessment of pressured oxidation plant
emissions technology at the Reefton gold mine site.

New Zealand Industry Group, (2000): Prepared an Odour Management Report that
was hosted by MfE’s that was the original technical report utilised by the MfE Technical
Report no. 24 (2002) and the current MfE odour guidelines (2003).

Kanudi Power Station, Papua New Guinea (1998): Assessment of air quality effects
arising from diesel and gas firing.

Weyerhaeuser NZ Inc. (1997 - 1998): Provide air quality assessments for proposed
green field site and existing wood processing sites.

Tranz Rail (1997): Preparation of ambient dust impact assessment associated with
the Clarence River rock extraction, stockpiling and rail transport for the proposed ferry
terminal at Cifford Bay, Seddon. Presentation of expert testimony on ambient effects,



dust mitigation measures and daily dust suppression water demands, at the CRC
hearing for resource consent applications.

International Wools Services Ltd (1996): Air dispersion modelling based
assessment of the LEMAR sludge incinerator operated at Kaputone Woolscour, Belfast
and presentation of evidence to CRC hearing.
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ATTACHMENT C - FIGURES AND PHOTOS



Figures from Beca report: Cromwell Quarry - Technical Assessment of Potential
Effects of Dust Discharges | 4396863-711958401-22 | 22 October 2020 | 4
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Figure 2-1: Amisfield quarry proposed site plan (Source: Beca, 2020).



Image CNES / Airbus

Figure 2-3. Aerial photograph showing the location of the quarry and the immediate neighbours
(Source: Beca, 2020).
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Figure 3-1: Photograph of a loader and trucks working on the quarry face (Source: Beca, 2020).



Figure 3-2 Photograph of mobile crushing plant operating on the quarry floor (Source: Beca, 2020).



Figure 3-3: Photograph of screening and washing plant with washed aggregate in the foreground
(Source: Beca, 2020).



Figures from Landpro report 20201022_19474_Assessment of Effects, 23
October 2020.

Figure 2: Quarry support facilities (Source: Landpro, 2020).
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Figure 18: Approximate location of proposed bunds to mitigate noise effects (Source: Landpro, 2020).



Photographs taken by R Cudmore, Golder (20 July, 2021)

Photo 1:
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ATTACHMENT D —= METEOROLOGICAL MODELLING



1 INTRODUCTION

Meteorological inputs were provided by CALMET (see Scire et al., 1999). In the absence of
routine atmospheric soundings in the area, upper-air information was incorporated into CALMET
using the meteorological component of TAPM (The Air Pollution Model; see Hurley, Physick and
Luhar, 2005).

1.1 TAPM Configuration

TAPM is a prognostic model that calculates hourly, three-dimensional fields of meteorological
variables such as wind, temperature, and atmospheric turbulence. It was configured as a set of
nested grids of points, with successively smaller areas at higher resolution. Each of four grids
contained 31 x 31 cells in the horizontal directions, with grid-cell resolution 27 km, 9 km, 3 km, and
1 km, and 25 levels in the vertical. The first (coarsest and largest) grid covered most of the South
Island New Zealand; the fourth, finest grid covered an area 31 km x 31 km, centred on the quarry.

TAPM models the large-scale wind fields in three dimensions in hourly steps. In addition to being
driven by global meteorological analyses, supplied by its developers (CSIRO), hourly averaged
wind data from local surface monitoring sites were assimilated into TAPM, to improve its surface-
level wind patterns. Sites included were the monitoring station at Fulton Hogan’s Parkburn Quarry
(3 km away) and the NIWA-run Cromwell climate station (12 km away). A three-year period has
been modelled, 2018 to 2020 inclusive. Note that the Parkburn data were available from mid-2019
only.

Hourly, three-dimensional outputs were extracted from TAPM and processed using the CALTAPM
utility to provide upper-air data for CALMET.

1.2 CALMET Configuration

CALMET was run over an area 6 km by 9 km at a horizontal grid resolution of 100 m, at a one-hour
time step, to provide a fine-resolution grid of meteorological information for CALPUFF. CALMET
incorporates upper-air information from TAPM, interpolates the fields onto the fine-scale grid, and
generates terrain-driven flows.

The CALMET model domain is shown in Figure 1. CALMET requires terrain and land use data on
the model’s regular 100 m grid. Landcover data were obtained from the LRIS portal*, under the
Creative Commons Attribution 4.0 International License. Terrain data were obtained from the LRIS
portal, under the Landcare Data Use License?. Terrain and land use calculated for the 100 m grid
are shown in Figure 2.

Having incorporated the wind data into TAPM, it has not been re-used CALMET. CALMET has
been run in a ‘no-observation’ mode. Other meteorological fields required by CALMET, such as

L https://Iris.scinfo.org.nz/layer/104400-lcdb-v50-land-cover-database-version-50-mainland-new-zealand/ Note, this
work is licensed under the Creative Commons Attribution 4.0 International License. To view a copy of this license,
visit http.//creativecommons.org/licenses/by/4.0/ or send a letter to Creative Commons, PO Box 1866, Mountain
View, CA 94042, USA.

2 Refer to https://Iris.scinfo.org.nz/license/landcare-data-use-licence-v1l/ for more information.

1


https://lris.scinfo.org.nz/layer/104400-lcdb-v50-land-cover-database-version-50-mainland-new-zealand/
https://lris.scinfo.org.nz/license/landcare-data-use-licence-v1/

temperature, humidity, pressure, cloud height and cover, and rainfall rate, are taken from the three-
dimensional data supplied by TAPM.

The only key parameter that needs to be selected in CALMET is the terrain radius of influence,
TERRAD. After testing a range of distances, a value of 3 km was chosen. This ensures the
surface wind data from the Fulton Hogan’s Parkburn Quarry wind station has influence on the
modelled wind fields at the Amisfield site.



Figure 1: CALMET model domain boundary (white outline), grid points at 100 m spacing
(black), and meteorological monitoring stations used by TAPM. Aerial imagery from ESRI.
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Figure 2: Gridded terrain heights and land use classes, as used by CALMET. CALMET
land use classes are urban (10), agriculture (20), rangeland (30), forest (40), water (54),
wetlands (62) and barren land (70). Aerial imagery from ESRI.

Wind roses extracted from the CALMET results at the location of the Amisfield quarry are shown in
Figure 3. These show a general alignment of the wind direction with the valley direction. Note
there is a small change in the distribution of directions in 2020, which has a lower proportion of
southerly and southwesterly winds, and a higher proportion of northerlies, with a moderately low
wind speed. This is due to the Parkburn monitoring starting in late September 2019, which
influences the modelled Amisfield meteorology. The Parkburn site is around 2.5 km from the
Amisfield quarry. Prior to the commissioning of the Parkburn site, the modelled meteorology is
influenced by inputs from the Cromwell EWS, which is 12 km away.
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Figure 3: Wind roses extracted from the CALMET model at Amisfield quarry. Top left,
2018-2020; top right 2018; lower left 2019; lower right 2020.




Cook Orchard

Data Comparison

Notes on Harvest Data from Cook Orchard:

* Rainfall, wind speed and wind direction data recorded by a Harvest Monitor operated at Cook Orchard were
downloaded from the Harvest website for the period: 01 October 2020 to 31 October 2021.

* Raw data was available at varying intervals, ranging from 1-min to 5-minute intervals over this period. Total daily
rainfall were estimated from 1-minute rainfall data on each day.

*  Wind direction data from Harvest monitor are available at 22.5-degree intervals.

» Based on instrument specification, wind speed below 1 m/s can have erroneous wind direction readings.
Therefore, all wind data where speed is recorded to be less than 1 m/s are excluded from this analysis.

Notes on Cromwell EWS and CALMET data

* Daily rainfall data was downloaded for the Cromwell EWS station, from CliFlo (NIWA Climate Database) for the
period of 01 October 2020 to 31 October 2021.

* Site-specific hourly wind data was extracted from CALMET model for the years 2018, 2019, 2020.
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Wind for overlapping period, CALMET vs. Cook Orchard

CALMET modelled data, 01 Octto 31 Dec 2020 Cook Orchard measured data, 01 Oct to 31 Dec 2020
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Wind for October to December each modelling year, CALMET data

CALMET modelled data, 01 Octto 31 Dec (2018,2012 and 2020)
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Cook Orchard measured data, 01 Jan to 31 Mar 2021
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Wind for January to March each modelling year, CALMET data

CALMET meodelled data, 01 Jan to 03 Mar (2018,2019 and 2020)
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Time of the year Calm conditions (% wind speeds <= 1 m/s)

Cook Orchard (irregular CALMET (hourly

interval resolution) resolution)
October to December 2020 E:GWA 7.1%
October to December 2019 & 5.8%
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ATTACHMENT E - RAINFALL DATA



Data Sources and Assessment

Cromwell EWS is the nearest meteorological station to the site, located approximately 12 km to
the southwest of the existing quarry. The monitoring station is operated and maintained by
National Institute of Water and Atmospheric Research (NIWA). Ten years of daily rainfall and
evaporation (ET) data from January 2010 to December 2020 were downloaded from CliFlo
(https://cliflo.niwa.co.nz/), a web system that provides open access to the National Climate
Database managed my NIWA.

Summary Plots

Rainfall

Figure 1 shows total monthly rainfall observed over the ten-year period at Cromwell EWS
monitoring station. Figure 1 also shows an inset boxplot of total monthly rainfall over ten years
at the same monitoring location. The variation in monthly rainfall is observed to be the greatest
in 2010 and minimum in 2017. Maximum monthly rainfall was observed in February 2018 and
minimum monthly rainfall was observed in May 2020. Maximum annual rainfall was observed in
2018 (544 mm) and minimum annual rainfall was observed in 2017 (278 mm).
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Figure 1: Total monthly rainfall (mm) over ten years (boxplot inset: Range of total monthly rainfall over 10 years).
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Wet periods

Net rainfall was estimated by considering the difference in observed rainfall and evaporation on
any given day. All days when net rainfall was observed to be above -1 mm were classified as
wet days.

Total number of wet days per month have been estimated for each year as shown in Figure 2
and Figure 3. Although there is some inter-annual variability in monthly rainfall across the ten-
year period, the number of wet days is generally observed to be higher during the months of
May to July. August has been observed to be dry as well as wet in the last ten years with
number of wet days observed in the range of 10 to 25 days. In general, net rainfall tends to be
lower during the summer months.

2010 ) 2 2 6 7 4 1 %)
2011 6 4 5 5 4 5 &) 1
2012 & 2 8 2 8 H 3 1
2013 3 2 1 8 5 7 2 3
2014 4 1 2 3 5 6 1 No. of
wet days
0
E 2015 1 4 5 C 6 2 2 &) 10
20
2016 2 2 4 4 2 5 4 2 20
2017 4 3 4 6 &) 1 2 0
2018 0 7 4 7 6 o) ¢ 5
2019 2 4 5 1 3 6 2 6
2020 1 4 4 6 C 3 1 3

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Figure 2: Total number of wet days per month over 10 years as a tile plot.
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Figure 3: Total number of wet days per month over 10 years as a line plot.

Duration of wet days

Figure 4 and Figure 5 show the duration of wet days since the first wet day was observed as a
timeseries and as a boxplot, respectively. In general, the length of a wet period is observed to
be higher during the months of May to July. In the last ten years, longest wet period was
observed over 80 days, starting in May 2018. Shorter, but more frequent wet periods are also
observed to occur more during winter months. The duration of wet days is generally less than
five days in summer months.



Number of consecutive wet days after the first wet day

- 3

85

80

75

0

65

o wn

“(sAe

w0 = o

o] ::& Em_aommimo _._wmcm|_

=
& - =

Lzunre
ettt
0z-280]
oz-dag
ozunr
oz-1ew
§l-a80]
§l-dag
glunr
R
8l-0a
a-dag
giunr
al-en
21380
il-deg
2
Liep
g9}-a8
gl-dag
gjunr
EIRLIIE-
Gl-aaq m
G1-daS e
Glune m
GLIB g
Ph-080 o
pi-dog LI
plunr
e
gl-9a
gl-dag
glune
AR
zl-08
zi-deg
ziunr
AR L
Li-9ag
Jiedag
b
LEw
ol-a80
ol-dag
ojunr
ol-ep
60-98(]
60-dag

Figure 4: Duration of wet days as timeseries.
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Cook Orchard

Data Comparison

Notes on Harvest Data from Cook Orchard:

* Rainfall, wind speed and wind direction data recorded by a Harvest Monitor operated at Cook Orchard were
downloaded from the Harvest website for the period: 01 October 2020 to 31 October 2021.

* Raw data was available at varying intervals, ranging from 1-min to 5-minute intervals over this period. Total daily
rainfall were estimated from 1-minute rainfall data on each day.

*  Wind direction data from Harvest monitor are available at 22.5-degree intervals.

* Based on instrument specification, wind speed below 1 m/s can have erroneous wind direction readings.
Therefore, all wind data where speed is recorded to be less than 1 m/s are excluded from this analysis.

Notes on Cromwell EWS and CALMET data

* Daily rainfall data was downloaded for the Cromwell EWS station, from CliFlo (NIWA Climate Database) for the
period of 01 October 2020 to 31 October 2021.

* Site-specific hourly wind data was extracted from CALMET model for the years 2018, 2019, 2020.



Daily Rainfall, 01 October 2020 to 31 October 2021
Calculated total daily rainfall at Cook Orchard (from 1 to 5-min data) and downloaded daily rainfall for Cromwell EWS from CliFlo (NIWA Climate Database)
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ATTACHMENT F — HAUL ROAD DUST IMPACT MODELLING



General

This attachment summarises the approach used for modelling uncontrolled dust (TSP, PMo and
PM ) emissions due to future movements of trucks when hauling excavated pit run material (at
200,000 m®/annum) from the northern end of Amisfield quarry’s new expansion area.

The dispersion model, CALPUFF (see TRC (2011a) and TRC (2011b) for technical information
and guidance on CALPUFF) was used to predict particulate deposition and ambient
concentrations due to truck wheel generated emissions from the haul road.

The aim of this modelling was to establish indicate magnitude of particulate impacts due to truck
movements on the new expansion area’s haul road, when uncontrolled and assuming accepted
US EPA factors for uncontrolled haul road emissions. The development of the site specific
three-dimensional meteorological file (covering 3 consecutive years of hourly data), which is an
essential input to the CALPUFF dispersion model, is documented in Attachment D of evidence
presented by R S Cudmore.

Location of Haul Road and Active Exposed Areas

Cromwell Certified Concrete (CCC) existing quarry and the proposed expansion area are shown
in Figure 1. This highlights in purple, areas of the existing quarry and expansion area, assumed
to have continuous heavy vehicle movements. It also highlights the location of the haul road
linking the excavation area and the central processing plant (located within the existing quarry).

Figure 1: Site location, dust sources and nearby sensitive receptors.



