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INTRODUCTION

Fonterra Limited (Fonterra) has engaged Golder Associates (NZ) Limited (Golder) to undertake an odour
impact assessment associated with the proposed wastewater treatment plant (WWTP) option that would treat
the wastewater generated by the Fonterra Hautapu manufacturing site. Two design options for Hautapu
WWTP are being considered. These are: a) a conventional WWTP comprising a conventional pond-based
extended aeration activated sludge process (extended aeration option); and b) an advanced membrane
bioreactor (MBR) plant which includes a biological treatment WWTP, anoxic and anaerobic tanks (MBR
option). The location of the WWTP was decided via a preliminary assessment of 7 locations.
The purpose of the assessment is to provide Fonterra with information on the predicted spatial extent of odour
impacts that might be associated with each design option. It is understood that this report will be included as
an appendix within the resource consent application documents for the proposed WWTP. In particular this
report provides the following:



A preliminary assessment of seven WWTP site location options being considered for the proposed new
wastewater treatment plant to identify a site that achieves the least potential for odour effects.



A description of the WWTP process for two design options, and an outline of the discharge sources and
emission rate assumptions for each.



An overview of three existing WWTP plants in New Zealand that adopt extended aeration or MBR
system, and a review of their complaint histories to establish complaint level and buffer distances to the
neighbouring residential dwellings.



A review of Australian buffer distance guidelines to establish a buffer distance for the selected site.



A quantitative approach to assess the potential odour effects of the two design options, and their
corresponding air quality management, monitoring and mitigation measures.



And a consideration of an alternative WWTP positioning within the selected site location.

2.0

ASSESSMENT METHOD

The significance of odour exposure effects are related to the FIDOL factors (MfE 2003) the combination of the
five factors (frequency, intensity, duration, offensiveness and location) of odour events that need to be
accounted for with the assessment. The last factor (L) relates to the location where the odour exposures
occur. In this instance, locations include people working in and around the rural land and the rural residential
dwellings.
There are two types of odour exposure considered – these include chronic and acute exposures.
Chronic odour exposures are recognisable occurrences of odour that are repeated over a long-term period
(typically for a year or more) – chronic odours may be deemed to be objectionable based on an account of
the FIDOL factors that relate to a season, annual or longer periods.
Acute odour exposures relate to a single event (minutes to a number of hours) of odour that is often
relatively strong in its intensity. An acute odour event is deemed to be objectionable or offensive based on a
consideration of the FIDOL factors that are specific to the short-term period of that odour event. That is a
FIDOL assessment that relates to a short-term period that is typically in the order of several hours or subhourly.

1
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A combination of quantitative and qualitative approaches has been used to assess the potential odour effects
associated with two proposed WWTP options at the selected site location.
The quantitative assessment includes an odour dispersion modelling assessment to predict the odour ground
level concentrations (GLCs) that could arise from two WWTP options. Criteria for this modelling are
discussed in Section 7.1
The qualitative assessment contains consideration of experience from similar operations at Fonterra Lichfield,
Te Rapa and Stirling WWTP, their odour complaint histories, Australian buffer criteria and the distances
between the WWTP and nearby sensitive locations.
This approach is consistent with the recommended odour assessment tools for evaluating new industrial
activities contained in the Ministry for the Environment’s Good Practice Guide for Assessing and Managing
Odour in New Zealand (MfE 2016).
Additionally, a preliminary dispersion modelling based assessment of site location options was completed by
Golder, to identify a site that achieves the least potential for odour effects. This was based on a comparison
of predicted odour concentrations that could occur at nearby residential dwellings. In selecting the preferred
location, it is understood that Fonterra also considered a comparison of operational and cost considerations.
The results of the Golder site options assessment are provided in Appendix A.

3.0
3.1

DESCRIPTION OF WWTP PROCESS
Overview

Fonterra has confirmed that the Hautapu WWTP will be located within the boundary of site location option 7.
This location has the lowest potential for offsite odour effects (see Appendix A for the location of this option).
It should be noted that the WWTP’s position within location option 7, is now slightly different to that assumed
by the preliminary assessment (summarised in Appendix A), however this does not change the preliminary
assessment findings. This report accounts for two possible positions of the WWTP within the proposed
property for locating the WWTP. Figure 1 shows the proposed WWTP envelope along with the Fonterra
property boundary.
At present, a maximum 9,200 m³/day of wastewater is generated during the peak of the processing season at
Fonterra Hautapu site, with a Chemical Oxygen Demand (COD) input of 22,700 kg/day. A summary of
detailed raw wastewater characteristics are provided in Table 1. The Biological Oxygen Demand (BOD) to
COD ratio is approximately 0.7 to 0.9 (this value was confirmed by Pattle Delamore Partners Ltd – in an email
dated 27 February 2018).
The total wastewater flow is made up of both low and medium strength wastewater streams. Some of the
medium strength stream is treated to remove fat and oil via a screening system and a dissolved air flotation
(DAF) system. In this instance, this primary treatment of the raw wastewater, would continue to occur at the
manufacturing site, prior to being pumped to the WWTP.
The WWTP will operate 24 hours per day and seven days per week. Two design options – extended aeration
and MBR systems are being considered. The following section outlines the process and key design
parameters of each option.

2
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Figure 1: Proposed Hautapu WWTP location.

Table 1: The characteristics of raw wastewater.

Parameter

Average value†

95th percentile value†

Maximum value flow†

Inflow volume (m³/d)

7,730

8,610

9,205

COD (kg/d)

9,464

20,175

22,703

BOD5 (kg/d)

8,549

14,208

17,158

TKN (kg/d)

446

626

866

Nitrate-N (kg/d)

187

260

364

Nitrite-N (kg/d)

13

17

24
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Parameter

Average value†

95th percentile value†

Maximum value flow†

TN (kg/d)

649

902

1,262

TP (kg/d)

232

258

276

Note: † Average, 95th percentile and maximum values are based on the daily wastewater flow and nutrient load values that were
measured for 2008 to 2017 and restricted to the period of 1 September to 31 January (inclusive) - statistics provided by PDP via email
dated 27th February 2018.

3.2

Extended Aeration Option

A site layout and a schematic diagram of the extended aeration option are shown in Figure 2 and Figure 3
respectively. This system consists of an anoxic tank, two aeration ponds, a clarifier and sludge storage and
dewatering system. The wastewater will enter an enclosed anoxic tank which denitrifies incoming nitric acid
and provides denitrification of the return activated sludge. This would be followed by treatment within two
extended aeration ponds, which reduces the organic loadings, and provides nitrogen removal (via biological
nitrification and denitrification) in combination with the anoxic tank. The aerobic treatment is estimated to
have 5-days hydraulic retention time and a total volume of 50,000 m³. It is expected to have a COD loading
rate of 0.4 kg/m³ per day (95th percentile). The oxygen supply to the extended aeration ponds is proposed to
be supplied by nine aerators with a total energy of 600 kW. This gives to 1.0 kWhr per kg BOD removed.
The clarifier following the extended aeration ponds provides separation of treated wastewater and recycles the
activated sludge (RAS) to the anoxic tank. The waste activated sludge (WAS) would be collected in a covered
WAS storage tank and dewatered in a decanter centrifuge. The sludge decanter will be mounted on the
second level of the onsite operation building. The volume of WAS is estimated to be 500 m³/day at 1 % dry
solids and increase to 12 % dry solids after the dewatering. The concentrate from the sludge decanter would
be returned to the wastewater treatment system. All treated wastewater would be temporary stored in an
enclosed treated wastewater tank prior to being discharged to land, to the Waikato River or to a combination
of land and River.
Table 2 summaries those key design parameters of extended aeration option.
Table 2: Key Design Parameters – Extended Aeration Option.

Parameters

Value

COD input (kg/day)

20,175 (95th percentile)

COD loading rate (kg/day per m³ wastewater)

0.4

Aeration energy (kW)

600

Aeration energy per kg BOD removal (kWh per kg
BOD removed)

1.2

Aeration retention time (day)

5

BOD:COD ratio

0.7 to 0.9

BOD removal efficiency (%)

99.5 %
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Parameters

Value

Aeration pond volume (m³)

50,000

Operation building

Figure 2: Site layout of extended aeration option (Provided by Mansergh Graham).

Figure 3: Schematic flow chart of extended aeration option.
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MBR Option

It is understood that the MBR option would be designed to provide a very high level of treatment with the
resultant treated wastewater able to be discharged either onto land, or to the Waikato River, or a combination
of the two. Phosphorus concentration is the key parameter to consider in order to avoid any increase in
nutrient load from the wastewater. The MBR system is expected to be a reliable method to achieve significant
phosphorus removal.
The wastewater would feed into a balance tank prior to the biological treatment. The biological treatment units
consist of two parallel multiple stage reactors, each of which has nine compartments, including a pre-anoxic
stage, an anaerobic stage, a post-anoxic stage, five aerobic stages and an aerated MBR stage in series (see
Figure 4 and Figure 5). Besides nitrogen removal under anoxic and aerobic stages, this MBR system also
incorporates biological phosphorus removal by introducing an anaerobic phase ahead of the aerobic/anoxic
phase. The anaerobic stage involves several complex biochemical processes, where phosphorus is
converted to a soluble form. The soluble phosphorus would be assimilated by Phosphorus Accumulating
Organisms (PAOs) and stored in the form of phosphorus accumulating biomass under aerobic stage. This
biomass would be then separated from the treated wastewater by membrane filtration.
The aeration treatment is estimated to have 2-days hydraulic retention time and total volume of 15,500 m³,
which is expected to have a COD loading rate of 0.9 kg/m³ per day (95th percentile). The aerobic phases
would be fitted with a fine bubble diffuser array connected to blowers with a total energy of approximately
900 kW. The submerged membrane cassettes would be situated in the final process tank, which separates
the treated wastewater from the mixed liquor. The WAS would be collected in a WAS storage tank and
dewatered by a decanter in the de-watering building.
The balance tank, pre-anoxic and anaerobic tanks, and WAS tank that could cause significant odour
emissions would be covered and air extracted to a biofilter. The summary of key design parameters for MBR
option is shown in Table 3.
Table 3: Key Design Parameters – MBR Option.

Parameters

Value

COD input (kg/day)

20,175 (95th percentile)

COD loading rate (kg/day per m³ wastewater)

0.9

Aeration energy (kW)

900

Aeration energy per kg BOD removal (kWhr per kg
BOD removed)

1.5

Aeration retention time (day)

2

BOD:COD ratio

0.7 to 0.9

BOD removal efficiency (%)

99.5 %

Aeration pond volume (m³)

15,500
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Figure 4: Site layout of MBR option (provided by Mansergh Graham).

Figure 5: Schematic flow chart of MBR option.

3.4

Odour Emissions

3.4.1

Odour emissions rate data

Golder is not aware of any publicly available information regarding odour emission rates from sources
associated with wastewater treatment plants that treat milk processing plant wastewater streams. However,
Golder Associates Pty Ltd has conducted odour emission measurements from Fonterra Australia Pty Ltd’s
Dennington wastewater treatment plant (WWTP). This is located approximately 225 kilometres (km) west of
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Melbourne. The site’s WWTP, employs a very similar activated sludge process to that used by existing
Fonterra sites in New Zealand and as proposed for the Hautapu WWTP extended aeration option. The BOD
loading rate into the Dennington WWTP is estimated to be an average 3 kg/m 2/day and 6 kg/m2/day at the 95th
percentile. These loading rates are higher than those estimated for the Hautapu WWTP (i.e. 0.9 and 1.4
respectively for the average and 95th percentile loading to the aerated ponds). The higher BOD surface
loading at Dennington WWTP compared with Hautapu WWTP, means that assuming the former’s odour
emission flux rate for the Hautapu WWTP, should be conservative. These odour emission flux rates are
summarised in Table 4.
Table 4: Summary of Dennington site odour sources and emission rates.

Source

Average odour flux emission rate (OU/m²/s)

Condensate storage tank

2.7

Wastewater storage tank

1.8

Balance tank

7

Aeration tanks

0.11

Clarifier

0.07

Digester

7.2

3.4.2

Odour emission rates - extended aeration

It is understood from PDP (2017) that the Hautapu extended aeration option would not have a balance tank, a
digester, or wastewater storage tank (therefore the associated odour emissions data for these sources was
not required for this assessment). The extended aeration option would also not include a dissolved air
flotation (DAF) plant, DAF balance tank, and associated sludge DAF storage as these items would continue to
be situated at the milk processing site.
The extended aeration option would have an initial anoxic tank and waste activated sludge management (i.e.
storage, dewatering and dispatch). These stages can cause significant odour emissions that are not
addressed in Table 5. However, the odour emissions from these sources can be effectively managed by
regular removal and with the use of enclosed tanks or buildings and if necessary the use of a biofilter to treat
extracted air.
Finally, the storage of treated wastewater in ponds is very likely to only produce very minor odour as it would
be tertiary treated to a high standard.
The odour emission rates of extended aeration option are summarised in Table 5.

Table 5: Summary of Hautapu extended aeration odour sources and emission rates.

Source

Surface area (m²)

Average odour flux emission rate
(OU/m²/s)

Aeration tanks

9,000

0.11

Clarifier

700

0.07
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Odour emission rates – MBR option

3.4.3

The MBR option would have a balance tank, two multi-stage biological reactors consisting of pre-anoxic,
anaerobic, anoxic, aeration and MBR stages and waste activated sludge management. It is considered that
the balance tank, pre-anoxic and anaerobic tanks, and the sludge management that could cause significant
odour emissions. However, it is proposed that these emission sources are covered and head space air
extracted to a biofilter. The fugitive odour emission from these sources are therefore expected to be minor
and emissions assumed to be negligible.
Given that the MBR option incorporates a covered anaerobic stage, it is considered that this could create
odorous compounds being released from the wastewater as it enters the first uncovered treatment stage. It
was therefore assumed that the first uncovered anoxic tank would have an odour flux rate (ou/m2/s) similar to
that of the Dennington balance tank and digestor because it is expected to release odorous compounds from
the covered anaerobic stage.
For the remaining aerobic and final MBR stages, the total odour unit (i.e. OU/s) from this was assumed to be
equivalent to the total emission generated from the aerobic extended aeration treatment plant option, when
treating the same raw wastewater stream. Accordingly, the odour emission rate for the aerobic and MBR
sections were set to 990 OU/s. This emission is distributed over an area of 3100 m².
A summary of the odour emission fluxes assumed for MBR option are given in Table 6.

Table 6: Summary of Hautapu MBR option odour sources and emission rates.

Source

Surface area (m²)

Average odour flux emission rate
(OU/m²/s)

Aeration and MBR tanks

3100

0.32

Anoxic tanks

280

7.0

4.0

THE ENVIRONMENTAL SETTING

The following sections discuss the activities surrounding the Fonterra Hautapu WWTP that are potentially
sensitive to the site’s odour discharge. They also discuss the topography and meteorology of the area.

4.1

Sensitive Receptor Locations

The selected Hautapu WWTP is located at the Fonterra owned farm land (Buxton), which is approximate 2.5
km to the Hautapu Township and 3 km to the Cambridge Township. Approximately 46,700 people live in the
Waipa district with about 1,900 in Hautapu and 6,500 in Cambridge (Statistics NZ, 2013 census).
The closest sensitive receptors to the proposed WWTP are nearby residential dwellings, not situated on land
owned by Fonterra. The locations of these sensitive receptors are shown in Figure 1. These locations have
been included in dispersion modelling assessment described in Section 7.0. The nearest receptors to the
envelope boundary for the proposed WWTP (Receptors No. 1 and 9) located approximately 640 m to the
south-eastern and south-western WWTP envelope respectively.
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There are about 28 residential dwellings located between 800 to 1000 m of the WWTP envelope. The
remaining areas within 800 m radius are either owned by Fonterra or are relatively odour insensitive rural farm
land.

4.2

Topography and Meteorology

The site is located approximately 4 km north of Cambridge. The site area is largely flat, with the nearest
significant terrain being approximately 2 km to the north-east of the site. The Waikato River is approximately
5 km to the south. The site is surrounded by rural-zoned land, mainly used for pastoral farming and life-style
blocks.
The prevailing winds at the Hautapu WWTP site are typically from the west as shown by the wind rose in
Figure 6. It was generated by using a CALMET meteorological dataset previously developed by Golder for
the dispersion modelling of the Fonterra Hautapu manufacturing site (Golder 2017). The CALMET dataset
includes measured wind data from nearby monitoring stations for the period from 1 January 2003 to 31
December 2003.
It also shows that the winds from the south and south-south-east are relatively frequent and typically lighter,
and that drainage flows from the general north-east direction account for 5 % of the time. Figure 6 also shows
a high prevalence of calm condition (15 %), which is typical of much of the central Waikato, where a relatively
high frequency of calm weather condition is experienced.
Wind roses for specific times of the day are provided in items (b), (c) and (d) of Figure 6. These show the
following:



Morning - from 00:00 to 08:00 hours, winds are most frequent from the south-southeast and typically very
light. Drainage flows (northeasterly wind) occur for approximately 5 % of the time during these hours.




Daytime - from 8:00 to 18:00 hours, prevailing winds are typically moderate to strong westerly winds.
Evening - from 18:00 to 23:59 hours, prevailing winds are also typically northerly and south-easterly
winds, and north-easterly drainage flows are starting to re-establish and occur for approximately 7 % of
the time during these hours

Items (a), (b), (c) and (d) of Figure 7 present wind roses for each season of the year, which indicate the
following:






Summer: winds are typically moderate westerly winds
Autumn: winds are typically either moderate north-easterly winds or light south-south-easterly winds
Winter: winds are typically light south-south-easterly winds, with relatively high calm condition (16 %)
Spring: winds are typically moderate to strong westerly winds, ranging from the north-west to south-west
directions

Given the above, either early morning or night conditions are likely to provide for the poorest dispersion of and
odours generated by biological treatment reactors, whereas conditions during the middle of the day are more
likely to provide for better dispersion. With regard to the seasons, spring and summer typically have a much
higher proportion of strong winds where odours would be more readily dispersed and diluted, whereas winter
is more characteristic of lighter winds.
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a)

c)

All hours

b)

00:00 to 08:00

08:00 to 18:00

d)

18:00 to 23:59

Figure 6: Wind Rose from Hautapu CALMET model for different periods of the day (2003-2004).

11

April 2018

1787769-7403-003-R-Rev1

a)

Spring

c)

Autumn

b)

d)

Summer

Winter

Figure 7: Wind Rose from Hautapu CALMET model for different seasons (2003-2004).
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EXPERIENCE OF ODOUR EFFECTS FROM OTHER SITES
Introduction

This section includes a review of three Fonterra’s WWTPs at Te Rapa, Lichfield and Stirling manufacturing
sites. Fonterra Te Rapa and Lichfield sites are both located in the Waikato District, approximately 26 km and
45 km to the Fonterra Hautapu site, respectively. These two WWTP sites, especially for the Lichfield site, are
considered to have a similar design to the proposed extended aeration option. The Fonterra Stirling site is
situated in Clutha District, South Otago. This site operates a WWTP that includes a MBR system of the
similar type under consideration for the Fonterra Hautapu WWTP.
Site visits were carried out by Golder’s staff at the Te Rapa and Lichfield WWTP on September 26th and 27th,
2017, and Stirling WWTP on March 9th 2018 respectively. The purpose of these visits was to interview the
site environmental managers and WWTP operators regarding the history of odour complaints and their
experience with the operation of the extended aeration and MBR system, and observe odours from the key
process unit when standing downwind. This also helps to establish a buffer distance that could be applied at
Hautapu WWTP.

5.2
5.2.1

Te Rapa WWTP
Site overview

The Te Rapa site is one of Fonterra’s largest sites which manufactures a range of dairy products including
milk fat (butter) products, skim milk and whole milk powders with a capacity of more than 8,000 m 3/day milk. It
is located at the banks of the Waikato River just downstream of Hamilton City.
The Te Rapa WWTP is comprised of primary treatment which includes two DAF systems, secondary
treatment including an anoxic tank, a Carrousel oxidation pitch, a clarifier, and sludge disposal facilities
including thickener and decanters. The location of the WWTP is shown in Figure 8. The secondary treatment
facilities also receive high strength dairy waste from other Fonterra manufacturing sites. According to the site
environmental manager, the Te Rapa site is able to run approximately 6,400 m³/day wastewater with a COD
input of 12,000 kg/day, providing a COD loading rate of 2.4 kg/day per cubic meter wastewater. The oxidation
pitch is a complete mixing and plug flow system with a volume of 5,000 m³. The mechanical aeration consists
of two surface aerators and six submerged aerators giving a combined aeration energy of 442 kW. A BOD to
COD ratio in the influx was confirmed by Fonterra to be 0.6, which is consistent with experience from other
Fonterra’s WWTP. The BOD removal efficiency is expected to be 97 %.
Solids are removed through the clarifier, concentrated by a thickener and further processed through two
decanters along with the DAF sludge. The decanters also process solids from other Fonterra sites, including,
but not limited to Tirau and Te Awamutu. A summary of these designed parameters of Te Rapa WWTP are
listed in Table 7.
Table 7: Te Rapa WWTP Parameters.

Parameters

Value

Approximate Inflow rate (m³/day)

6,400

COD input (kg/day)

12,000

COD loading rate (kg/day per m³)

2.4

Aeration energy (kW)

442
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Parameters

Value

Aeration energy per kg BOD removed (kWh per kg
BOD removed)

1.5

Aeration retention time (day)

1.5

BOD:COD ratio

0.6

BOD removal efficiency (%)

97

Aeration pond (oxidation pitch) volume (m³)

5,000

5.2.2

Sensitive receptors location, wind pattern and complaint analysis

The nearest ten residential dwellings in the immediate vicinity of Te Rapa WWTP are presented in Figure 8,
and their respective distances to the WWTP boundary are listed in Table 8. The closest house is situated
approximately 240 m east of the WWTP. A wind rose extracted from the Fonterra Te Rapa Air Quality Impact
Assessment prepared by Beca (2016) shows that the prevailing winds are typically from the south-west and
west direction, with a significant percentage of these being moderate to light winds (i.e. <5 m/s). The wind
from south and north-east are relatively frequent and typically lighter (i.e. <3 m/s). Drainage flows (i.e. <2 m/s)
are typically from south-east direction and occur less than 5 % of the time.
Most of the receptors that are on the true right bank of Waikato River are downwind of the Te Rapa WWTP
during prevailing winds (more than 10 % of the time). The receptor 6 is the only receptor that is downwind of
the WWTP during worst-case south-easterly drainage flows (less than 5 % of the time). Drainage flow
conditions generally give rise to poor dispersion of odours and typically represent the worst-case conditions.
A review of odour complaints receiving from 2012 to 2017 indicates that the majority of complaints were raised
from Receptors 3 and 6. Receptor 3 is the closest receptor that is approximately 240 m to the WWTP
boundary and is downwind of the site during prevailing winds (13 % of the time). It is not surprising to see
these two receptors were adversely affected during prevailing wind and drainage wind flow conditions.
In particular, it is noted that there were six complaints raised from Receptor 3 from 2012 to 2017. They were
attributed to upset conditions, i.e. a) poor start-up of the biological plant, b) stagnant stormwater diversion
pond due to high turbidity diversions, c) sludge clumping in the thickener and becoming anaerobic caused by
the overdose of polymer, and d) odour from anoxic tank. As a consequence, the Te Rapa site managed a
smoother start-up and changed the operation of DAF and anoxic tank to reduce anaerobic odour issues. It is
understood that Fonterra is undertaking a further odour reduction project including remediating the anoxic tank
biofilter.
Overall the review of the odour complaints originating from the Te Rapa site indicates that the greatest
potential impact of odour discharges from the Te Rapa WWTP is due to upset conditions and on the
properties within close proximately to the site (approximately 400 m to the WWTP envelope).
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Figure 8: Fonterra Te Rapa site and its nearest ten residential dwellings (the envelope of WWTP is outlined in
Green and the whole production site boundary is presented in Red).

Table 8: Closest ten residential dwellings to the Te Rapa WWTP and complaint frequencies from 2012 to 2017.

House Number Distance to edge of
the WWTP (m)

Direction to the
WWTP

Downwind
frequency*

Number of
complaints
received

1

330

SSE

<5 %

0

2

280

E

11 %

1

3

240

ENE

13 %

6

4

260

NE

13 %

1

5

280

ENE

5%

1

6

290

NW

<5 %

5

7

330

ENE

13 %

0
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House Number Distance to edge of
the WWTP (m)

Direction to the
WWTP

Downwind
frequency*

Number of
complaints
received

8

330

ENE

13 %

1

9

390

ENE

13 %

1

10

390

E

11 %

0

Unknown
location**

3

Direction of
drainage flow

South-easterly

Note: *Downwind frequency of each house is based on their locations and the wind rose provided in the Te Rapa AEE
report (Beca, 2016). ** Due to information not provided by Waikato Regional Council (WRC).

5.2.3

Golder’s observations on site

A site visit was carried out by Golder’s staff1 on 26 September 2017. On this day, the wind was relatively
strong and it was raining. The temperature was approximately 10 ºC. These weather conditions would dilute
any odours reducing the intensity of observed odours. From discussions with the WWTP operator, it is
understood that the WWTP was operating under normal conditions. Key observations made during the visit
were as follows:



There was a light milky odour from the oxidation ditch in close proximity to the reactor when the surface
aerators were operating. Otherwise there were no unpleasant odours off the oxidation ditch or from
other process units.

An odour observation at the south-eastern and southern site boundaries was also carried out by Golder’s staff
in the morning of 27 September 2017. The weather was fine and overcast with very light north-easterly winds.
No apparent wastewater type odour was observed at the south-eastern boundaries. A temporary weak milk
powder type odour was noticed at 200 m from the manufacturing plant. The WWTP was about 500 m from
the observation location. It was very likely that this weak odour was associated with the site’s milk powder
drying plant.

5.3
5.3.1

Lichfield WWTP
Site overview

The Lichfield site is located to the west of State Highway 1, midway between Tokoroa and Putaruru. It is
Fonterra’s largest cheese plant, able to process up to 7,500 m 3/day of milk into cheese and whey protein
concentrate and whole milk powder. Approximately 62,000 metric tonnes of cheese and 6,000 tonnes of
whey protein concentration are produced annually.
The main process units for Lichfield WWTP comprise primary treatment including DAF system, and secondary
treatment including an inlet tank, two aeration lagoons, a clarifier, an effluent storage tank, sludge dewatering
1

R Cudmore and I Xu ( 26 and 27 September 2017)
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and storage units. These process units are considered to be similar to those proposed for the Hautapu
WWTP. At Lichfield the primary treatment units are located at the manufacturing site, whilst the secondary
treatment facilities are at 500 m north-west to the production site (see Figure 9). According to the site
operating staff, the Lichfield WWTP is able to run approximately 16,250 m³/day wastewater with a COD input
of 15,000 kg/day, providing a COD loading rate of 0.3 kg/day per cubic meter wastewater. A BOD to COD
ratio in the influx was also confirmed by Fonterra to be 0.6. The BOD removal efficiency is expected to be up
to 97.5 %. Similar to the configuration of the proposed extended aeration option, the biological treatment
system consists of two separate aeration ponds with volume of 32,200 m³ and 13,800 m³ respectively.
There are 16 and 5 surface aerators in primary and secondary aeration ponds respectively, giving to a
combined energy of 1,575 kW. It is noted that the primary pond carries out in-pond anoxic/aerobic cycling by
conducting 9-hour of aeration and 3-hour of anoxic cycle for two occasions each day. During an anoxic cycle,
all aerators in the primary pond are turned off to reduce dissolved oxygen (DO) concentration to a certain level
that is suitable for denitrification to occur. After a period of 3 hours, the aerators restart and operate to
maintain a DO level above 2 ppm until the next anoxic cycle is initiated. The secondary aeration pond is
continuously aerated to maintain an overall positive DO level in the system. The detailed design parameters
are listed in Table 9.
Table 9: Lichfield WWTP Parameters.

Parameters

Value of Lichfield

Approximate Inflow rate (m³/day)

16,250

COD input (kg/day)

15,000

COD loading rate (kg/day per m³)

0.3

Aeration energy (kW)

1575

Maximum aeration energy per kg BOD removed
(kWh per kg BOD removed)

3.5

Aeration retention time (days)

Pond 1: 3.5 days
Pond 2: 1.5 days

BOD:COD ratio

0.6

BOD removal efficiency (%)

97.5

Aeration pond volume (m³)

Pond 1: 32,200
Pond 2: 13,800

5.3.2

Sensitive receptors location, wind pattern and complaint analysis

The nearest ten residential dwellings in the immediate vicinity of Lichfield WWTP are shown in Figure 9, and
their respective distances to the WWTP boundary are listed in Table 10. The closest house (receptor 1) is
situated approximately 600 m to south of the WWTP site edge. A wind rose constructed from the Fonterra
Lichfield Air Quality Impact Assessment prepared by Beca (2014) indicates that the prevailing wind is typically
from south-east with a significant proportion being moderate to light (approximately 14 %). The winds from
the west-north-west are relatively frequent and typically moderate to light. Drainage flows are generally from
north-east to south-east directions. The residential houses to the south-east of the site, namely Receptors 4,
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6 and 7 are downwind of the Lichfield WWTP during prevailing wind conduction (approximately 13 % of the
time). Other receptors are not likely to be downwind of the site over 5 % of the time.
Summaries of odour related complaints from neighbours were supplied by the site and WRC and indicate that
no complaints have been received concerning odour related to the operation of WWTP since it was
commissioned in July 2016. The absence of odour complaints are likely to suggest that the odour effects due
to the Lichfield WWTP or WWTPs with similar design are likely to be less than minor.

Figure 9: Fonterra Lichfield site and its nearest ten residential dwellings (the envelope of WWTP is outlined in
Green and the production site boundary is presented in Red)
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Table 10: Top ten residential dwellings near Lichfield WWTP and compliant frequencies from 2016 to 2017.

House
Number

Distance to the edge
of Lichfield WWTP (m)

Direction to the
WWTP

Downwind
frequency

Number of
complaints

1

600

S

<5 %

0

2

610

SSW

<5 %

0

3

1276

SSE

<5 %

0

4

1498

SE

13 %

0

5

1510

SSE

<5 %

0

6

1518

SE

13 %

0

7

1610

SE

13 %

0

8

937

NE

<5 %

0

9

1210

ENE

<5 %

0

10

1386

ENE

<5 %

0

Direction of
drainage flow

North-easterly to south-easterly

5.3.3

Golder’s observations on site

A site visit to the Lichfield WWTP was carried out by Golder’s staff on 27 September 2017. On the day of the
visit, the weather was sunny and warm with partial cloud cover and calm or very light winds. The wind swung
from southerly, south-westerly, north-westerly and south-easterly due to the identically light or calm wind
condition. Observations were made by Golder’s staff when standing 20 m downwind of the edge of the
primary aeration pond while the pond went through an anoxic cycle and when aeration to that zone reestablished.



A weak milky odour was apparent when the aerator started up, which was similar to that was noticed
adjacent to the Te Rapa oxidation ditch based treatment plant.



A small amount of foam was observed on the surface of two aeration ponds when the aeration cycle was
on, which is expected to have a minimal potential to create a nuisance effect beyond 100 m. Note that
sensitive receptors are 600 m or more from the WWTP site.



Unpleasant pongy smell associated with waste activated sludge was observed when sludge was being
loaded into trucks, but it was temporary and localised within sludge deposal facilities.

5.4
5.4.1

Stirling WWTP
Site overview

The Fonterra Stirling plant is located at Stirling township, Clutha district of South Otago. Stirling is located 9
km upstream from the mouth of the Clutha River. The factory processes 1,800 m³ milk into 200 tonne cheese
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per day. From the cheese process, 1,700 m³ L/day of whey is received and processed into 170 m³/day
lactose, 52 m³/day protein and 15 m³/day whey cheese.
Different to the extended aeration WWTP process adopted by the Te Rapa and Lichfield WWTP, the Stirling
WWTP employs MBR technology, which is expected to produce a higher quality effluent and reduce the
footprint of the WWTP. The main process units of the Stirling WWTP comprise of a DAF tank, two balance
tanks, an anoxic tank, a side-stream MBR system including an aeration tank and Ultra Filtration (UF)
membranes, and a sludge decanter. The DAF treated wastewater enters into the anoxic tank prior to flowing
into the aeration tank. There is a significant sludge recycle from the aeration tank to the anoxic tank, which
allows denitrification to occur following nitrification. Besides, two balance tanks before the anoxic tank provide
slightly anaerobic conditions, which allow biological phosphorus removal to happen simultaneously. The
sludge in the treated mixed liquid is removed through stand-alone UF membranes and dewatered along with
DAF sludge by a decanter, which achieves a solids content of 15 %.
According to the site operator, the Stirling WWTP is able to run up to 3,700 m³/day wastewater with a COD
input of 4,000 kg/day, providing a COD loading rate of 2 kg/day per m³ wastewater. The aeration tank is
aerated by four air blowers to maintain the DO level at 2 to 2.5 parts per million (ppm). A BOD to COD ratio in
the influent was also confirmed by Fonterra to be 0.6. The BOD removal efficiency is expected to be 99.7 %,
with a concentration of less than 2 mg/L in the effluent. The operational parameters of Stirling WWTP are
listed in Table 11.
Table 11: Stirling WWTP Parameters.

Parameters

Value of Lichfield

Approximate Inflow rate (m³/day)

3,700

COD input (kg/day)

4,000

COD loading rate (kg/day per m³)

2

Aeration energy unit (kW)

4 × 90

Aeration retention time (hour)

12

BOD:COD ratio

0.6

BOD removal efficiency (%)

99.7

Aeration tank volume (m³)

2100

5.4.2

Sensitive receptors location, wind pattern and complaint analysis

The nearest ten residential dwellings in the immediate vicinity of Stirling WWTP are presented in Figure 10,
and their respective distances to the WWTP boundary are listed in Table 12. The closest house is situated
approximately 60 m to east of the WWTP site edge. A wind rose was developed by using data from Balclutha
Telford Meteorological station (2016), showing that the prevailing wind is typically from west and north-west
with significant proportion (14 %) being moderate to light. The residential houses to the east of the site,
namely Receptors 1, 2 and 3 might experience approximately 14 % of time being downwind of the site, while
the downwind frequencies of other receptors are likely to be less than 5 %.
Only one complaint regarding sludge type odour from the site has been received from the nearest house
(Receptor 1) in 2013. According to the site manager, the sludge type odour was mainly attributed to the aged
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sludge being stored at the bottom of the sludge pile, which turned anaerobic and released odorous compound
when being loaded into the truck. Having received this complaint, Fonterra improved the sludge storage by
transferring the sludge on a daily basis, and since then no complaints have been received. A review of
complaint records from Otago Regional Council indicates that there have been no odour complaints
originating from the Fonterra Stirling plant.
The absence of complaint after 2013 indicates that with the improvement of sludge management, there is
unlikely to be offensive odour nuisance generated from the site.

Figure 10: Fonterra Stirling site and its nearest ten residential dwellings (the envelope of WWTP is outlined in
green and the whole production site boundary is presented in red).
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Table 12: Top ten residential dwellings near Stirling WWTP and complaint frequencies from 2013 to 2017.

House
Number

Distance to the edge
of Stirling WWTP (m)

Direction to the
WWTP

Downwind
frequency

Number of
complaints

1

60

E

14 %

1

2

100

E

14 %

0

3

250

E

14 %

0

4

254

N

<5 %

0

5

270

NNW

<5 %

0

6

280

NNW

<5 %

0

7

230

W

<5 %

0

8

260

SSW

<5 %

0

9

260

W

<5 %

0

10

270

WNW

<5 %

0

Direction of
drainage flow

South-easterly

5.4.3

Golder’s observations on site

A site visit to the Stirling WWTP was carried out by Golder’s staff (I Xu) on 9 March 2018. On the day of the
visit, the weather was fine and warm with moderate to strong winds (4 - 6 m/s) shifting between easterly and
south-easterly directions. Observations were made by Golder’s staff when standing immediately downwind of
DAF and anoxic tank and at nearby sensitive receptors.



When standing near the DAF tank, short (2s) periods of distinct milky wastewater type odour were
observed, which were similar to the odour noticed at Te Rapa and Lichfield site.



There was no noticeable odour at the sludge storage area when the fresh dewatered sludge was piling
up.



Brief weak to distinct milky type odour for 1 - 2 seconds at a time were observed at 200 m to the west of
the WWTP (at a Fonterra property). There was no odour observed neither at the nearest house
(Receptor 1) nor on View Street (Receptor 4 to 6).

Based on the limited records of odour complaint and our own one-off site observations, we conclude that the
potential for odour effects beyond 200 m of the Stirling WWTP is likely to be no more than minor, and possibly
only less than minor.
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Summary of Existing Experience

In summary, the above analysis of odour complaints from Te Rapa, Lichfield, Stirling WWTPs indicates that:



Te Rapa: The odour due to the WWTP had impacts on the residents within 400 m to the edge of the
WWTP site. The most impacted residents are downwind of prevalent wind (west-south-easterlies) and
local drainage flow (south-easterly). Based on the complaint history, upset conditions are likely to result
in offensive odours within 400 m to the WWTP envelope.



Lichfield: the absence of odour complaints associated with WWTP suggests that the odour effects from
the Lichfield WWTP to the sensitive receptors are likely to be less than minor. This is also consistent
with Golder’s site visit observation. The closest house is approximately 600 m to the site boundary.



Stirling: Prior to the improvement of sludge management, there was a complaint being received from the
closest residence located approximately 60 m from the WWTP. Following the increase of sludge
dispatch interval there was no complaint being received from this residence. Golder’s onsite observation
in combination with the lack of complaints suggests that the overall odour effects resulting from the
Stirling WWTP were likely to be no more than minor and possibly less than minor beyond 200 m to the
WWTP envelope.

6.0

AUSTRALIAN BUFFER DISTANCE GUIDELINES

Fonterra Hautapu site processes cheese and other dairy products from up to 4,000 m3/day of milk. Golder is
only aware of buffer distance criteria that specifically relates to the treatment of wastewater from a milk
processing facilities to be published by the Western Australian Environmental Protection Agency (WA EPA)
and the South Australian Environmental Protection Agency (SA EPA).
The guidelines documents referenced are summarised as follows.




Victoria EPA: Recommended separation distances for industrial residual air emissions, March 2013;



Western Australia EPA: Separation distances between industrial and sensitive land use, June 2005 and
Environmental assessment guideline for separation distances between industrial and sensitive land use
(draft), September 2015.

Southern Australia EPA: Evaluation distances for effective air quality and noise management, August
2016;

The Victorian EPA (Vic EPA) recommends a separation distance of 100 m for milk production facilities, where
the scale of production is greater than 200 tonnes per day. However, Victorian EPA has confirmed that 100 m
separation distance related to the potential impact of particulate matter emitted from spray dryers, not odour
from WWTPs. The Vic and SA EPAs also specify buffer distance guidelines to protect against ambient odour
nuisance due to municipal sewage treatment facilities, which not applicable to dairy plant WWTP facilities.
The South Australia Environment Protection Authority (SA EPA) specifies a buffer distance of 100 m for milk
processing works whose processing capacity up to but not exceeding 5 ML/year, and 500 m for those with
processing capacity of more than 5 ML/year. This criterion takes into account the fact that the main source of
odour is the treatment or storage of wastewater and is due to the biological decomposition of organic matter.
The Western Australia Environmental Protection Authority (WA EPA) recommends a buffer distance ranging
from 200 m to 500 m for a milk processing facility where milk is separated, evaporated or a dairy product is
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manufactured. The range provided is dependent on the size of the facility and the wastewater treatment and
disposal system employed.

7.0
7.1

ODOUR MODELLING AND ASSESSMENT
Odour concentration guideline

The Ministry of the Environmental (MfE 2016) recommended odour modelling guideline values are
summarised in Table 13. For the purpose of this assessment, the guideline value representing a high
sensitivity receiving environment under neutral to stable conditions has been used (i.e., 2 OU / m³) and
evaluated against the 99.9th and 99.5th percentile. This reflects the need to consider a sensitive receiving
environment and meteorological conditions in Hautapu best described as having a high frequency of neutral to
stable conditions. While there may be a case for a higher guideline value being selected, for the purposes of
this assessment, a conservative value was considered the most appropriate.
Table 13: Odour modelling guideline values (MfE 2003).

Sensitivity of the receiving environment

Concentration

Percentile of 1-hour
average model
results*

High (worst-case impacts during unstable to semi-unstable
conditions)

1 OU / m³

0.1 % and 0.5 %

High (worst-case impacts during neutral to stable
conditions)

2 OU / m³

0.1 % and 0.5 %

Moderate (all conditions)

5 OU / m³

0.1 % and 0.5 %

Low (all conditions)

5 – 10 OU / m³

0.5 %

7.2

Odour Modelling and Meteorological Data Set

Dispersion modelling has been used to predict odour ground level concentrations (expressed as odour units
per cubic metre OU/m³) that could arise from the two design options proposed for the Hautapu WWTP. The
CALPUFF dispersion model has been used due to the high percentage of calm wind conditions in the
Hautapu area. The assessment makes use of a CALMET meteorological dataset previously developed by
Golder for the dispersion modelling of the Fonterra Hautapu manufacturing site (Golder 2017). The CALMET
dataset provides three-dimensional meteorology information for the year of 2003, and includes measured data
from nearby monitoring stations.
Emissions from the aeration ponds/tanks, MBR tanks and clarifier were represented in the dispersion model
as ‘area emission sources’. This scenario was then modelled using a constant odour emission rate for the
entire modelling period.
Modelled odour ground level concentrations were predicted over a series of nested gridded receptors centred
on the biological treatment reactors as follows:




500 × 500 m at 100 spacing
1200 × 1200 m at 200 spacing
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Details of the emission source parameters used in CALPUFF model are presented in APPENDIX B.
The model results are presented in Section 7.3 and then compared against the criteria discussed in Section
7.1.

7.3

Odour Modelling Results and Analysis

The section presents the results of the modelling for the two possible WWTP options at the Hautapu site. The
predicted 1-hour 99.9th percentile odour ground level concentrations (GLCs) for extended aeration and MBR
options are provided from Figure 11. The contour plots for two design options show relatively different results,
with extended aeration exhibiting lower concentrations, whereas the MBR option has slightly higher
concentrations. These contour plots also indicate oblong contours centred on the WWTP extending in a
northerly direction. This is expected given the high proportion of light southerly winds onsite.
The following sections shows the predicted odour concentration at the most impacted sensitive receptors for
each design option.

7.3.1

Extended aeration option

Figure 11 shows the predicted 1-hour odour concentrations of 0.7 - 0.9 OU/m³ are contained within the
proposed WWTP envelope boundary. In particular, the predicted 99.9th, 99.5th and 98th percentile GLCs at the
nearest properties (No. 1 and 9) are well below the MfE’s recommended 2 OU/m³ for a high sensitivity
environmental during neutral to stable conditions. The predicted maximum odour concentration at the most
impacted receptor is approximately 0.2 OU/m³ (99.9th percentile) and less at other nearby houses. A
summary of the predicted GLCs at nearest sensitive receptors is presented in Table 14.

Table 14: Odour units per cubic meter (OU/m³) at the most impacted sensitive receptors – extended aeration
option.

Nearest Sensitive
receptor

Distance to the edge
of aeration pond (m)

Modelling results (OU/m³)
99.9th percentile

99.5th percentile

98th percentile

R1

640

0.2

0.16

0.11

R9

640

0.18

0.15

0.12

25

April 2018

1787769-7403-003-R-Rev1

Figure 11: Predicted 1-hour 99.9th percentile odour concentration (OU/m³). Extended aeration option.

7.3.2

MBR treatment plant option

The area where the odour concentrations are predicted to be above 2 OU/m³ assessment criteria are shaded
in red (as shown in Figure 12). This represents the area where odour associated with the WWTPs could
result in odour effects that are more than minor based on this conservative criteria. It is noted that the
maximum extents of the 2 OU/m³ for 99.9th percentile contours extend beyond the WWTP envelope boundary,
but still stay well within the Fonterra property boundary. The predicted odour GLC at the nearest properties
(No. 1 and 9) are well below the MfE’s odour guideline of 2 OU/m³. The maximum predicted odour
concentration at the most impacted house is approximately 0.6 OU/m³ (99.9th percentile) and less at other
nearby houses. A summary of the predicted GLCs at nearest sensitive receptors is presented in Table 15.
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Table 15: Odour units per cubic meter (OU/m³) at the most impacted sensitive receptors – extended aeration
option.

Nearest Sensitive
receptor

Distance to the edge
of aeration pond (m)

Modelling results (OU/m³)
99.9th percentile

99.5th percentile

98th percentile

R1

640

0.6

0.5

0.35

R9

640

0.5

0.4

0.3

Figure 12: Predicted 1-hour 99.9th percentile odour concentration (OU/m³). MBR option (area within the 2 OU/m³
contour is shaded in red).
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ODOUR MITIGATION MEASURES
Introduction

A combination of operation management, monitoring, and mitigation measures are used to manage and avoid
process upset conditions with the WWTP that could lead to acute odour impacts. The following provides an
overview of the key mitigation and contingency measures and an overview of odour management plan that will
encapsulate these matters.

8.2

DAF Balance tank at milk processing site

It is understood that the DAF balance tank would be still situated at the manufacturing site. Based on Golder’s
experience, DAF balance tank and DAF can be potentially significant source of odour if not well managed
(e.g. reducing hydraulic retention times and avoid sludge build-up).

8.3

Control of anoxic and anaerobic tanks, sludge dewatering,
storage and dispatch odours

The key processes that could give rise to the discharge of strong offensive character odours include anoxic
tanks, anaerobic tanks, sludge dewatering, storage and dispatch.



Extended aeration option: The anoxic tank would be enclosed and have a short hydraulic retention time.
The sludge decanter would be located in an enclosed building and could have point source extraction of
odour and use of a biofilter if found necessary.



MBR option: Two biofilters are proposed for use with the MBR option – this is to contain and treat odour
emissions from balance tank, pre-anoxic tank, and anaerobic tank and WAS storage and dewatering
plant. The balance tank, pre-anoxic tank, and anaerobic tank would be enclosed, and headspace air
extracted to a biofilter. The sludge decanter would be placed in an enclosed building and air would be
extracted (from the building or equipment items and treated via a biofilter if necessary).



Odorous compounds are likely to be released from the first uncovered treatment tank (post anoxic tank),
however the modelling results indicate a low to moderate risk of these causing any chronic odour effects.
However, though unlikely, if actual operational experience confirms otherwise, then this section could
also be covered and have air extracted to a biofilter to ensure less than minor odour effects off-site.

8.4

Monitoring

Process monitoring (such DO and sludge levels) allows abnormal operating conditions to be identified and
prompt action to be taken to avoid system failure. To ensure that the aeration ponds/aeration reactors are
operated in an aerobic state, and therefore have a low level of odour, continuous monitoring for DO should be
carried out within the tank to ensure they are maintained in an aerobic state.
It is also recommended to monitor the key operating parameters for the biofilter in order to maintain effective
odour control. The bed-media and distribution system pressure drop, bed moisture, and pH are key
parameters and help indicate the status of the media. The bed pH normally changes slowly over time, but can
be periodically managed by the addition of hydrated lime (CaCO3) to keep lower layers above a pH of 3. It is
suggested monthly monitoring of pH and moisture within four quadrants and depths of 200 mm and 600mm is
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undertaken during summer months (1 November to 31 March) will indicate the extent to which lime addition
that is necessary.

8.5

Back-up Power Supply

If there is a prolonged power failure, the aerators/air blowers in the ponds could not be operated and there
would not be sufficient aeration to meet the loading of the raw wastewater from the manufacturing plant. To
address this possibility, it is recommended that there be provision for connecting a backup electricity supply to
the WWTP to enable the aerators/air blowers to continue to operate.

8.6

Odour Management Plan

Fonterra proposes to develop an odour management plan for the proposed Hautapu WWTP that sets out
practices to ensure that odour discharges from the site are maintained at the lowest practicable level and are
consistent with any air discharge resource consent that may be granted. A detailed framework for the odour
management plant will be documented in an onsite air quality management plan. The management plan will
need to expand on those matters identified earlier in this section and should identify any necessary
contingency response measures to minimise odour effects from the site. The plan will also include information
on daily monitoring, complaint investigation and response procedures and roles and responsibilities.

9.0

ALTERNATIVE POSITIONING OF THE WWTP

Consideration has also been given to a location for the proposed WWTP to be closer to the northern
Fonterra’s property boundary, which is outlined by the blue dashed line in Figure 13. Golder has reviewed the
potential change in odour effects associated with shifting the treatment system closer to the northern
Fonterra’s property boundary. The modelling results indicate that moving the treatment to the north is not
likely to change the potential for odour effects. The predicted odour results for both extended aeration and
MBR options are within the MfE odour modelling criteria for a high sensitivity receiving environment and
moving the site to the northern boundary moves the odour contours further away from existing residential
dwellings.
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Figure 13: The Alternative WWTP location that is outlined in blue.

10.0 CONCLUSIONS
Fonterra propose to install a new wastewater plant for the Hautapu manufacturing site. Preliminary
assessment identified the proposed site as having the lowest relative potential odour effects compared to
other site options. Two design options - conventional extended aeration and advanced MBR options are
being considered. This report has assessed the potential odour effects from both of these options.
Golder has reviewed three Fonterra WWTPs in New Zealand which adopt extended aeration or MBR system.
A review of their complaint histories and Australian buffer distance guidelines indicates that beyond a distance
of 500 m the odour effects due to similar WWTP is likely to be less than minor.
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Golder has undertaken odour dispersion modelling to evaluate the estimated extent of effects from the WWTP
during normal operation, which evaluates the potential for chronic odour effects. This modelling indicates that
there is a relatively low risk of exposure to the odour resulting from the extended aeration option, and while
the MBR option has a slightly higher predicted level of effect, modelling results indicate that recognisable
odour is unlikely to extend beyond the site boundary.
The nearest rural residential houses are at least 640 m from the proposed WWTP therefore only minor or less
chronic odour effects are expected at these locations.
An odour management plan is proposed for the Hautapu WWTP along with continuous DO monitoring of the
aerated ponds and consideration has been given to a number of contingency measures. These matters are
expected to help monitor and address any process upset conditions that give rise to acute odour effects. For
the MBR Option a biofilter is proposed to extract odour from the balance tank, pre-anoxic and anaerobic
tanks, and WAS tank. This is considered to be effective mitigation.
It is concluded that odour discharges from the two design options for the proposed Hautapu WWTP are very
unlikely to result in offensive or objectionable offsite odour effects beyond the site boundary, provided that the
proposed mitigation is implemented. In addition, it is expected that odour effects upon the neighbouring
residential dwellings will be less than minor due to normal operating conditions. Furthermore, the proposed
odour control measures provide protection against the occurrence of short term acute odour exposures
beyond the site boundary that could otherwise cause objectionable or offensive effects.

11.0 REFERENCES
Golder 2017. Fonterra Hautapu – Air Discharge Permit Variation for Increase in Gas Fired Boiler Capacity.
Letter Report Number: 1657797_006_L_Rev2. July 2017.
MfE 2016. Good Practice Guide for Assessing and Managing Odour in New Zealand. Publication number:
ME1278. Ministry for the Environment. November 2016.
PDP 2017. Fonterra Hautapu – wastewater management options assessment. Prepared for Fonterra
Limited. September 2017.
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APPENDIX A

Site Selection Modelling

Appendix A – Site Selection Modelling

1.0

INTRODUCTION

This preliminary assessment provides Fonterra Limited (Fonterra) with our ranking of site options
being considered for the proposed new wastewater treatment plant (WWTP) for treating wastewater
streams from the Fonterra Hautapu site. This work was completed in accordance with the
assessment approach offered in Golder Associates (NZ) Limited’s proposal 1787769_7403-001-PRev0 dated 14 September 2014 (accepted by Fonterra on 14.09.2017).

2.0

SITE OPTIONS

Seven site location options were described and assessed by Pattle Delamore Partners (PDP 2017).
This assessment provides an assessment of the site options when considering other important
factors, including land zoning, neighbouring land use etc.
The ranking of site options presented in this letter provides a more accurate account of buffer
distances and patterns of key ambient conditions that influence odour dispersion than a simple
consideration of wind patterns and buffer distance, but otherwise supplements the wider range of
considerations provided by PDP (2017).

3.0

ASSESSMENT APPROACH

A dispersion modelling approach has been used to predict theoretical odour ground level
concentrations (GLCs expressed as odour unit per cubic meter – OU/ m³) that could arise from the
extended aeration ponds (for Options 2 to 7), and from the MBR system (for Option 1). The
CALPUFF dispersion model has been used in this instance, utilizing the same three-dimensional
meteorological dataset used by Golder (2017) for the dispersion modelling assessment of Fonterra
Hautapu site.
Emissions from the aeration ponds and MBR system were modelled based on a uniform theoretical
odour emission of 19,000 odour unit per second (OU/ s) for all options and released from a standard
height and areas, as provided previously by PDP1.
The resultant 1-hour 98th, 99.5th and 99.9th percentile odour ground level concentrations (OU/m³)
were predicted at the following receptors:


Sensitive receptors: including residential dwellings, food services, community halls and
cemetery;



All receptors: including both sensitive receptors and commercial properties.

1

It is possible that a MBR system could be used for Sites 2 to 7. However, this would not change the outcomes of the odour ranking
assessment.
1
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The location of each site option and their nearby receptors are illustrated in Figure 1 and Figure 2,
along with an annual wind rose (1 January 2013 to 31 December 2013). It should be noted, that the
wind direction frequency distribution does not reflect the potential for odour effects as odour
dispersion rates vary from different directions. Furthermore, calm conditions (13.7 %) have a
significant bearing on the odour exposure pattern, which the wind rose does not highlight.

Figure 1: Location of the proposed site option 1 to 6 (red outlines), showing the aeration ponds and reactor (blue
outlines), nearby sensitive receptors (yellow dots) and commercial properties (green dots).

2
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Figure 2: Location of the proposed site option 7, showing the proposed aeration ponds (blue outlines), nearby
sensitive receptors (yellow dots) and commercial properties (green dots).

3.1

Preliminary Assessment Results

This section presents the result of site option ranking, which is based on the predicted odour GLCs
at sensitive receptors. Each site option has been ranked using the predicted 1-hour 98th, 99.5th and
99.9th odour GLCs at the most impacted sensitive receptors (i.e. top rank). It is noted that the
average odour impact results for the three most impacted sensitive receptors (average rank) have
been also assessed. The site ranking is presented in Table 1. In general, the top rank has the first
priority for site selection as it considers the worst potential for odour exposure, whereas average
rank is a secondary consideration. Site option 7 ranks first for both top rank and average rank, and
therefore has the least potential for odour exposure from the WWTP compared with other site
options. Site options 5 and 6 respectively have the second and third highest top and average ranks,
so clearly represent the second and third best sites for minimising potential odour exposure.

3
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Table 1: Ranking for all the site options – modelling results at sensitive receptors.

Top Rank*

Average
Rank**

Site Option

Average 98th
percentile
GLCs (OU/m³)╪

Average 99.5th
percentile GLCs
(OU/m³)╪

Average 99.9th
percentile
GLCs (OU/m³)╪

1

1

Site 7

2.9

3.9

4.7

2

2

Site 5

4.1

5.0

5.7

3

3

Site 6

5.1

6.0

6.4

4

4

Site 4

5.6

6.8

7.2

5

7

Site 1

6.1

8.0

8.8

6

6

Site 2

6.4

7.8

8.1

7

5

Site 3

5.8

7.8

8.2

* Top rank is based on the GLCs result of the most impacted sensitive receptor.
** The average rank is based on average GLCs results for the three most impacted sensitive receptors.
╪

Average 98th, 99.5th and 99.9th percentile GLCs are the average GLCs results at three most impacted sensitive receptors.

Figure 3 shows the predicted 1-hour 98th, 99.5th and 99.9th odour GLCs at the most potentially
impacted sensitive receptor for each site option. If an occupant at the most impacted receptor for
any one option, needs to be assured of minor or less than minor effects, then the maximum
percentile values in Figure 3 for each option are more important than the average of the percentile
exposure levels for the three nearest houses.
WWTP site options 7 and 5 are predicted to have the lowest and similar odour impact potential,
followed by site option 6. All these options have the same overall ranking irrespective of
considering the Top or Average Ranks.
Site options 4, 1 and 2 have a similar potential odour impact and are respectively ranked 4 th, 5th and
6th based on their most impact sensitive receptors. Site option 3 is likely to have the highest
potential for odour impacts based on its most impacted sensitive receptor.
Note, that the above ranking of site options is based on the assessment of likely locations of the
WWTP within each site reported by PDP (2017).

4
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Figure 3: Maximum 1-hour 98th, 99.5th and 99.9th percentile odour GLCs at sensitive receptors of each site
option.

In addition to the above analysis of site option ranking, the number of sensitive receptors that fit into
various buffer distance categories has been considered. This is because the numbers of sensitive
receptors at these proximities from the wastewater treatment plant is an important consideration for
odour impact assessment and site selection. The numbers of sensitive receptors within a distance
of 100 m, 200 m and 500 m from the proposed seven sites have been analysed and presented in
Figure 4.
Golder notes that there is no sensitive receptor within 100 m of any site. One sensitive receptor is
within 200 m for site options 3 and 4 only.

5
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Figure 4: Numbers of Sensitive Receptors with in 100m, 200m, and 500m from Each Site.

Golder stress that the WWTP site option rankings provided above relate to the relative potential
odour exposure levels, as the modelling assumed a theoretical odour emission rate from a standard
wastewater pond at each site. The reported odour concentrations above do not indicate the likely
potential for odour effects – but only the change in relative potential for odour exposure for different
site options. The relative odour modelling results indicate that site options 7 and 5 are comparable
in terms of potential for odour effects and are most likely to have the lowest predicted impacts for
sensitive receptors. Site option 6 would have next lowest potential for effects, followed by options 4,
1 and 2. Option 3 is likely to have the highest potential for odour effects.

6
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APPENDIX B

CALPUFF Configuration

Appendix B – CALPUFF Configuration

1.0

INTRODUCTION

CALPUFF version 7.2.1 was run from 1 January to 31 December 2003. Most standard options were used,
including the ‘pdf’ formulation for dispersion under convective conditions (Scire, Strimaitis & Yamartino 1999;
TRC 2011). Odour concentrations were calculated at a number of discrete receptors, and on nested grids
with 100 m, 200 m spacing.

2.0

GENERIC CALPUFF PARAMETERS

A fuller list of parameters used in the CALPUFF runs is given in the following tables. Parameters not
mentioned below should be assumed to take default values, or they relate to a particular feature of the model
that is not used.
Table 1: CALPUFF start and end times.
Parameter

Value

Start date/time

00:00

1 January 2003

End date/time

23:00

31 December 2003

Base time zone

XBTZ

-12 (NZST)

Time step

NSECDT

3600 s

Table 2: Pollutant specifications.
Parameter

Value

Number of chemical species

NSPEC

1

Number of emitted species

NSE

1

Species;

modelled; emitted; deposited?

Odour

Yes; Yes; No

Chemical mechanism

MCHEM

0

(No chemistry)

Dry deposition

MDRY

0

(No dry deposition)

Wet deposition

MWET

0

(No wet deposition)

Table 3: Technical options.
Parameter

Value

Dispersion coefficient calculation

MDISP

2

use micrometeorological variables

PDF for dispersion under convective conditions

MPDF

1

(On)

Building downwash

MBDW

2

Prime

Check parameters for regulatory settings

No

(they are USEPA-specific)

Minimum σv over land (default 0.5 m/s)

0.5 m/s

Table 4: Map projection (parameters should match CALMET).
Parameter

Value

Map projection

Tangential Transverse Mercator (TTM)

Datum region

WGS-84

Projection origin

37.86S, 175.45E

False origin (NZMG coordinates)

(2726.0, 6369.0) km

1
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Table 5: Grid control.
Parameter

Value

SW corner of grid cell (1,1)

(2680, 6340) km (NZMG)

Grid dimensions

NX x NY; DGRIDKM

Vertical grid, number of layers

90 x 70 grid cells at spacing 1 km
10

Cell-face heights for vertical grid (m)

0, 20, 40, 80, 120, 200, 400, 800, 1200, 2000, 3000

Use of sampling grid (gridded receptors)?

No

Use of nested grid receptors?

Yes

Nested grid centre

(2729.386, 6369.156) km NZMG

Nested grid 1 range / spacing

500 m x 500 m at 100 m spacing

Nested grid 2 range / spacing

1200 m x 1200 m at 200 m spacing

Table 6: Discrete receptors.
Number

NZMG Easting (m)

NZMG Northing (m)

Ground Elev. (m)*

R1

2730007

6368899.44

70.45

R2

2730157.75

6368834.47

70.31

R3

2730124.78

6368718.11

69.55

R4

2730224.07

6368660.62

69.18

R5

2728633.68

6368613.15

64.98

R6
R7

2728585.51
2728716.47

6368751.26
6368449.74

64.88
65.11

R8

2728961.52

6368361.7

65.67

R9

2729088.67

6368504.76

65.58

R10
R11

2729043.38
2729142.6

6368344.68
6368352.08

66.52
66.32

R12

2728962.28

6368275.51

65.92

R13
R14

2728975.45
2728931.32

6368258.91
6368448.9

65.98
65.45

R15

2728507.68

6368912.14

64.32

R16

2728952.93

6368048.87

66.92

R17

2729179.69

6368018.12

67.28

R18

2729219.19

6368154.48

66.56

R19

2729277.21

6368057.52

66.99

R20

2729326.24

6368008.95

67.23

R21

2729415.1

6368003.95

67.22

R22

2729412.16

6367940.63

68.16

R23
R24

2728421.79
2728398.57

6369281.27
6369158.85

61.15
62.28

R25

2729153.82

6368239.33

66.61

R26

2729224.53

6367964.61

67.98

R27

2728421.99

6369428.87

60.24

R28

2728293.92

6369291.8

61.57

Note: * Above mean sea level – height shown is that of the CALMET grid cell containing the receptor point.
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3.0

STACK SOURCE PARAMETERS

Table 7: Modelled emission parameters and rates.
Source surface
area (m²)

Release height
(m)

Base
elevation (m)

Initial sigma
z (m)

Odour flux
emission
rates(OU/m²/
s)

Aeration pond 1

9,000

5

69.69

0.5

0.11

Aeration pond 2

9,000

5

62.21

0.5

0.11

Clarifier

707

3

71.4

0.5

0.07

Post anoxic tank

280

5

70.19

0.5

0.32

Aeration and MBR
tanks

3100

5

70.22

0.5

7.0

Source Name

Extended Aeration

MBR

4.0

REFERENCES
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TRC 2011. Generic Guidance and Optimum Model Settings for the CALPUFF Modeling System for
Inclusion into the ‘Approved Methods for the Modeling and Assessments of Air Pollutants in NSW,
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APPENDIX C

Compliant Records – Te Rapa
WWTP

Complaints
Number

TER18‐COM‐001

ComplaintsRece
DateComplaintReceived
iver

Timothy
Ellingham

ReceivedMetho EnvironmentalTeam
d
Lead

11/12/2017 Phone

Closeout Comments

Timothy Ellingham

‐

TER17‐COM‐004 Sarah Lealand

7/03/2017 Email

Sarah Lealand

Completed

TER17‐COM‐002 Sarah Lealand

11/02/2017 Email

Sarah Lealand

close

TER16‐COM‐003 Adrian Pyne

20/05/2016 Email

Sarah Lealand

Closed

TER16‐COM‐001 Sarah Lealand

28/01/2016 Phone

Sarah Lealand

‐

TER15‐COM‐004 Sarah Lealand

2/03/2015 Phone

Sarah Lealand

‐

Incident Description
Phone call received highlighting a "rotten egg" smell
all morning on 11/12 at 11.01am, and also same
odour intermittently on Sunday 10/12. Wind
direction NE changing to W. Temp 23 deg C.
Visited site immediately, arriving 11.30am. Very
minimal odour detected, and only intermittently,
and noted that it was nothing like Fiona had
explained on the phone. Post visit to Fiona, Kristi
and I drove around local area to investigate potential
sources of dour. Noted distinct odour near AFFCO
plant. Walked around WWTP and noted a higher
than normal odour around the anoxic tank.
Email complaint received advising that had been
noting very bad odour all weekend and requesting.
Carl mentioned that has had injury so has been at
home for the last few months, which would have
increased the opportunity for him to observe odour
Info received via email: we and some neighbours
have noticed a bad odour over the last 2‐3 weeks
coming from the factory.
Over the last year or so it hasn’t been a problem but
maybe with the heat we had had over the last couple
of weeks this might have caused something to smell
bad?
Today is very bad. Before Christmas it was fine. This
is the same smell we could notice a few years ago.

Followup Action

Personal visit
required.

Other.

Other.

Complainant
"Ponds seem especially stinky today ‐ is it due to the thanked; advised
high volume of rainfall we've had"
that their concerns
will be kept on file.
Followed up with the Leathers as had previously
raised a number of complaints in relation to odour
and hadn't returned the Nov 2015 community odour
survey. The odour survey was seeking feedback
following F15 capital works for stage 1
improvements.
Fiona advised that odour issues have improved but Other.
still occurring and was best to speak with her
daughter Emma (who has hair salon on property and
home all day). Mentioned odour occurred on 17th
January at 12 noon. Also sent an email to Fiona (to
seek further feedback ‐ as was too busy to talk on
the phone) however hasn't responded to this.
Fiona called to advise that she was currently
Complainant
experiencing odour issues and was a little frustrated
requested feedback.
that they were ongoing.

TER15‐COM‐003 Sarah Lealand

19/02/2015 Phone Message Sarah Lealand

TER15‐COM‐002 Sarah Lealand

17/02/2015 Phone

Sarah Lealand

TER15‐COM‐001 Sarah Lealand

5/12/2014 Phone

Sarah Lealand

TER14‐COM‐010 Sarah Lealand

28/03/2014 Phone Message Sarah Lealand

TER14‐COM‐009 Sarah Lealand

19/03/2014 Phone Message Sarah Lealand

TER14‐COM‐008 Sarah Lealand

12/03/2014 Phone Message Sarah Lealand

TER14‐COM‐006 Sarah Lealand

10/12/2013 Phone

TER14‐COM‐003 Sarah Lealand

Sarah Lealand

6/11/2013 Phone Message Sarah Lealand

The stormwater pond has now been fully Received an odour complaint which the neighbour
cleaned and the associated odour issue described as absolutely putrid. Neighbour advised
eliminated.
was occurring at the time of the call.
Options have been identified to improve
performance of the thickener (as
attached). Currently working through
these options, with implementation
Complainant advised that they were experiencing
captured as a CAPA in TER‐COM‐ 15‐004.
bad odour at their property which they described as
The issues with the picket fence
a rotten egg smell.
thickener disappeared towards winter
shut when able to shut the plant down
and restart for a new season. Odour
issues disappeared long before this.
Odour complaint received. Described as a rotten
milk powder smell. Explained that it has been worse
‐
over the last few weeks. Noted that has been living
there for 8 years. Feels that odour has got worse
over the last year or so.
Have noticed a terrible smell (described as rotten
cheese) over the last week. Have lived there for the
‐
last 12 years and have noticed it off and on. Hasn't
called to complain before (and had thought other
would have)
Have moved into house on River Road just before
Christmas (which used to be 2022 River Road and
has been reallocated following subdivision). The
smell has been really bad over the last few weeks,
‐
but has been okay for the last few days. Mentioned
that it smells like powdered milk a lot, however
didn't think this was unpleasant. The other smell
was unpleasant.
Described an odour of rotten whey/milk powder.
Explained that have lived there for 5‐6 years and that
the smell has been a lot worse in the last 6 months.
‐
Mentioned that all of the neighbours were
complaining about the same thing (with odour).
Westerly wind and smell occurring at the time of
complaint.
No odour noted on visiting the property
Cheryl called to advise that she had detected a dead
immediately after receiving the
animal smell at her residence and it wasn't
Cheryl is not expecting any further
something that she'd experienced before (as has not
Noted, by Jennifer Nickel yesterday that
experienced the odour issues that other neighbours
there was an odour at the Water Intake.
had).
Kayne checked on return to the Site, but
To be closed out. Have captured
ongoing actions in TER COM 14‐001,
including capas 89775 and 98776.

Other.

Personal visit
required.

Complainant
thanked; advised
that their concerns
will be kept on file.
Complainant
thanked; advised
that their concerns
will be kept on file.

Complainant
thanked; advised
that their concerns
will be kept on file.

Personal visit
required.

Personal visit
required.

Kevin phoned and left a voice message advising that
he was up early that morning (4.30am) and noted an
Other.
effluent smell. The wind was a easterly to south
easterly.

TER14‐COM‐002 Sarah Lealand

TER14‐COM‐001 Sarah Lealand

31/08/2013 Phone

23/08/2013 Phone

Sarah Lealand

Sarah Lealand

TER13‐COM‐004 Sarah Lealand

18/04/2013 Phone

Sarah Lealand

TER13‐COM‐001 Sarah Lealand

25/01/2013 Phone

Sarah Lealand

To be closed out. Have captured
ongoing actions in TER COM 14‐001,
including capas 89775 and 98776.

Call in relation to odour received from Kevin. Kevin
described as a dead animal smell and 10/10.
Predominant wind is a south‐easterly.

Personal visit
required.

‐

Arrived home and noted odour which he described
as a rotten sheep smell. Spoke to his neighbour who
confirmed they also could smell it. Has been living
there for 7 years. Has completed the recent odour
survey.

Complainant
thanked; advised
that their concerns
will be kept on file.

I received a call from Karl in relation to removal of
Blackwoods and loss of visual screening, following a
mail drop advising of their removal (18/4). He was
concerned about the loss of visual screening.
Whilst in discussion he also asked what the odour
Blackwoods have now been pruned and
was. He explained that he purchased the house in
selectively removed. Discussed with Carl
Personal visit
January 2013. He had been told by others about the
at the Annual Community meeting and
required.
odour and described it as a horrible raw sewage
he was happy with end result.
smell. He said he has got more used to it, but it gets
through the house and visitors notice it and
comment on the disgusting smell. He said that it is
definitely coming from the dairy factory and its when
the wind is in his direction.
There is a wider piece of work being
undertaken in relation to odour. Have
sent out odour survey to surrounding 80
properties. Will use the results to help
build a picture of the issue and identify
Kevin is happy with the approach to date Kevin noticed a sulphur smell at 9am on the 25th of Complainant
January. The odour filled the house and was
thanked; advised
and has communicated that he knows
different to other wastewater odour that he'd
that their concerns
we're doing our best.
will be kept on file.
The Dairy Fert/Fonterra Agreement has previously smelt. Kevin left a voice message.
been updated to incorporate
requirements for incoming waste being
processed through the Decanters to not
be odourous and if so, alternate
destinations for disposal.

golder.com

