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INTRODUCTION
Overview

This report1 provides mitigation options to reduce the offsite effects of methyl bromide emissions during
ventilation of log fumigations in log stacks and ship holds at the port of Tauranga. The mitigation options have
been developed utilising the modelling completed by Todoroski Air Services (TAS, 2020)2. Wind speed, time
of day during which ventilation occurs and buffer distances are considered.
The modelling data provided by TAS had been used to develop limits on the amount of methyl bromide (MB)
released at various times of day and ensure that the 1-hour criterion can be met at offsite locations. This
report relies on the TAS modelling and reference should be made to TAS (2020) for modelling setup, emission
assumptions and other details on model scenarios.
The TAS modelling has allowed the development of time of day and log pile volume limits that are a function
of the recapture efficiency and the dose rate of MB.

1.2

Background

The Environmental Protection Agency’s (EPA) Decision Making Committee (DMC) Direction & Minute
WGT023 requested additional modelling scenarios to be completed to assist with its decision making in
relation to the reassessment of MB. Subsequently, Direction & Minute WGT024 requested Todoroski Air
Services (TAS) consult with the fumigation operators, Atmospheric Science Global (ASG) and Sullivan
Environmental Consulting, Inc. (SEC) regarding log stack arrangements and model assumptions that differ
from those agreed at expert conferencing. A Golder Associates (NZ) Ltd (Golder) staff member (C
Nieuwenhuijsen) was involved in all three rounds of the expert conferencing and Golder prepared Genera’s
application for consent for the Port of Tauranga.
Aleks Todoroski of TAS provided, (email of 6 October 2020), a summary of model setup parameters to all of
the experts involved in the pre-hearing conferencing. An online meeting between the other experts (David
Sullivan of SEC and Jenny Barclay of ASG) to discuss these was held on 8 October 2020. C Nieuwenhuijsen
was unable to attend that meeting but has been subsequently asked by STIMBR to review the modelling
prepared by TAS and assist with development of mitigation options detailed in this report.
The purpose of the requested additional modelling is understood to be as provided in Paragraph 4 of WGT023
as follows:
4 The DMC requests additional air dispersion modelling to provide information on or an assessment
of the following points.
a. The wind speed or conditions in which ventilation should be delayed. In particular the DMC
requests that this information address the effects of unstable, no or low wind conditions and
their impact on methyl bromide dispersion.
b. The buffer zones which would be required to ensure that the 1 hour TEL is met under the
dispersion occurring in these scenarios, based on the 99.9th percentiles.
The scenarios were identified in Paragraph 5 of the WGT023 and included a range of recapture rates,
percentage of stacks recaptured and doses. These were for both for ships and log stacks. This was

1

Your attention is drawn to the document “Report Limitations” in APPENDIX A.

2

Air Dispersion Modelling of Methyl Bromide for Decision-Making Committee. Report 20091172 by Todoroski Air Sciences Pty Ltd, 1
December 2020. https://www.epa.govt.nz/assets/FileAPI/hsno-ar/APP203660/APP203660_TASs-2020-air-dispersion-modelling.pdf

1

29 January 2021

203990010_7403_004_R_Rev0

subsequently refined in WGT024 following the feedback from the EPA and TAS. The 25 model scenarios
considered are provided in Table 3-2 of TAS (2020). Modelling data files were provided to STIMBR to allow
checking and potential further analysis of modelling results and these have been utilised.

2.0
2.1

MODELLING APPROACH
Overview of Approach.

Golder has used the TAS log stack modelling to determine the mass emission rates and time of day
restrictions would be required such that the ground level concentration (GLC) of MB was below the 1-hour
TEL value of 3,900 µg/m³ (1 ppm) at distances 100m or more for log stacks. The distance of 100 m was
chosen to match the distance between the existing fumigation area to port boundary buffer required at the
Port of Tauranga. Due to the constraints of time the buffer distances detailed in the MB Regulations have not
been considered in this report.
For the ship hold assessment time of day restrictions were considered that resulted in meeting the 1 hour TEL
at the port boundary (based on 99.9th percentile modelling).
The following sections detail how TAS modelling results were used and the steps involved in using the TAS
modelling to develop possible controls.

2.2

Wind speed

CALPUFF takes all wind conditions into account when calculating the outputs presented in this report.
However, modelling is less reliable at wind speeds less than 0.5 m/s. Therefore, at this stage Golder would
considers that it would be further protective to not undertake ventilations when wind speeds are less than 0.5
m/s. Further research including ambient monitoring during low wind speed conditions would allow this
restriction to be reviewed.

2.3

Log Stacks

Scenarios 2, 12 and 13a (among others) of the TAS report model emissions of MB from log stacks at the Port
of Tauranga. These scenarios were chosen as being representative of the different log pile shapes modelled
by TAS. The scenarios model worst-case conditions for cases of 6, 3 and 1 log stack(s) respectively, including
a treatment rate of 120 g/m3, recapture rate of 30 % applied to 50 % of the logs. Most emissions occur during
the hour that the stacks are ventilated – 50 % of the original dose – and the scenarios allow for ventilation to
occur at any hour between 7 am and 7 pm.
With the TAS modeling, the guideline concentration for MB (3,900 µg/m3) was exceeded in Scenarios 2 and
12 at the Port boundary.
Golder has examined the extent of mitigation required to ensure that the MB guideline concentration can be
met at the boundary, for all current log stack locations. This has been completed by re-scaling the emission
rates assumed by TAS and then using these emission rates to determine maximum log pile volumes for
various MB doses and recapture rates.

2
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As identified by Sullivan (2021), the largest MB impacts are likely to occur early or late in the day, with lower
impacts in the middle of the day. Therefore, the re-scaling has been allowed to vary according to time of day
of release.
For the set source dimensions, modelling results can be scaled by the mass emission to determine results for
alternative emission rates. TAS have used this in their modelling to allow them to present a wide range of
model results. This principle has been used to reuse the TAS modelling to present alternative maximum log
pile volumes.
TAS provided documentation of their modeling approach and the steps undertaken and this enabled Golder to
follow about their modeling and post-processing.
TAS carried out separate model runs for each ventilation time using CALPUFF, with a unit emission rate.
These were post-processed using several CALPUFF post processing programs that Golder also has
experience with.
From analysis of TAS modeling, for Scenario 2 (6 logs), it was determined that that an emission reduction
factor of 4.7 for log piles fumigated between 7am and 9am and 3pm and 7pm and factor of 3 for releases
between 9am and 3pm would ensure that 99.9th percentile 1 hour concentrations were less than the TEL at a
distance of 100 m from the boundary.
Scenario 2 modelling was based on a dose rate of 120 g/m³ on 6 log stacks each 1,800m³ with 30% recapture
rate and 50% of log stacks recaptured. This is a dose of 1296 kg of MB and the first hour (highest) emission
rate of 153 g/s using the stated assumptions (Table 3 TAS 2020). It is considered the first hour release is the
primary driver of 1 hour concentrations, and the stated emission rate for that hour gives a release of 551 kg.
Therefore, using the factors above, first hour emissions presented in Table 1 have been determined as being
upper limits to ensure that the TEL is met (at 99.9th percentile level) at 100 m from the log fumigation activity.

Table 1: Required emission rate (over the first hour of ventilation) to meet the criterion at 100 m.
Mass emission rate (g/s)
7am-9am and 3pm-7pm

9am – 3pm

32.6

51.0

The TAS modelling has been scaled using these emission rates to determine the 99.9 th percentile ground
level concentrations (GLCs) for both 6 and 3 log stack scenarios. Both log stack configurations were
considered to ensure that the results were applicable to both source configurations. These are equivalent to
TAS Scenarios 2 and 12, respectively (but with emissions reduced according to time of day).
Results from the modeling at these emission rates is provided in Figure 1 and Figure 2.
Tables documenting recapture rates, log volumes and doses that ensure that these mass emission limits are
met are provided in Section 3.0.

3
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Figure 1: Scenario 2 (6 log stacks) with emission rate 32.6 g/s from 7am to 9am and 4pm to 7pm, and
51.0 g/s from 9am to 4pm. MB concentrations are in µg/m³. Axis coordinates in metres (UTM zone
60S).

4
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Figure 2: Scenario 12 (3 log stacks) with emission rate 32.6 g/s from 7am to 9am and 4pm to 7pm, and
51.0 g/s from 9am to 4pm. MB concentrations are in µg/m³. Axis coordinates in metres (UTM zone
60S).

2.4

Ship Holds

Scenario 3 of the TAS report3 model’s emissions of MB from the holds of ships at berth in the Port of
Tauranga. The scenario allows for the five holds of a ship being opened sequentially at two-hour intervals,
which release a proportion of the applied MB treatment rate of 120 g/m3. From each hold, 21 % of the dose is
released in the first hour, 18 % in the second, and 1 % from nine subsequent hours through desorption. Thus
48 % of the dose is released over an 11-hour period. Scenario 3 allows for the whole process to commence
at any hour.
The treatment rate for Scenario 3 is 120 g/m3 MB, a total of 1167.4 kg per hold. Scenario 6a is the same as
Scenario 3 except that it uses a treatment rate of 72g/m3 and therefore a total of 700.4 kg per hold. Scenario
14 uses a treatment rate of 40 g/m3. These three scenarios are considered in the next section.

3

Air Dispersion Modelling of Methyl Bromide for Decision-Making Committee. Report 20091172 by Todoroski Air Sciences Pty Ltd, 1
December 2020.
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Hold fumigation options based on two-hourly hold openings

Results from Appendix C of the TAS modelling report were evaluated to determine the hold opening start
times which lead to MB concentrations at the boundary complying with the guideline value. The contours
presented in Appendix C are based on Scenario 6a – a 72 g/m3 dose rate with holds opened 2 hours apart.
The Scenario 6a model results were used to determine the range of first hold opening start times for the
various dose rates considered. These are shown in Table 2. For the 40 g/m3 dose there are no restrictions
on opening times. However, for the 120 g/m3 dose, the first hold should be opened between 5 am and 11 am,
with subsequent holds opened at 2 hour intervals.
Table 2: Ship hold dose and first hold opening options.
Dose rate (g/m³)

Earliest first hold opening time

Latest first hold opening

40

12:00 am

11:00 pm

72

2:00 am

5:00 pm

120

5:00 am

11:00 am

2.4.2

Hold fumigation options based on one-hourly hold openings

Based on the investigations by Sullivan (2021), Golder has modelled three variations of TAS’ Scenario 3, as
follows:
1. The same dose rate per hold is assumed.
2. The same proportions are released per hour for each hold.
3. The process commences at either 8 am, 9 am or 10 am, every day. Other start-hours have not been
modelled.
4. Successive holds are opened at hourly intervals. This leads to around twice the emissions of
Scenario 3, as two-hour release periods from each hold now overlap.
5. Golder has based its modelling on TAS’ modelling files. This ensures that the emission rates are
consistent, the same meteorological data are being used, the same receptors are chosen, and all
other model-configuration parameters are the same as TAS.
Hourly peak concentrations of MB are represented by the 99.9th percentile output at each receptor (the 27th
highest over a three-year modelling period) for the 8am start are presented in Figure 3, for 9am in Figure 4
and 10am in Figure 5. It is clear from the modeling results that these release scenarios result in predicted
concentrations in the commercial/industrial area that are well below the 1 hour TEL criterion.

6
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Figure 3: Results based on TAS Scenario 3 (5 ship holds) with ship holds being opened every hour, starting at
8 am. MB concentrations are in µg/m³. Axis coordinates in metres (UTM zone 60S).
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Figure 4: Results based on TAS Scenario 3 (5 ship holds) with ship holds being opened every hour, starting at
9 am. MB concentrations are in µg/m³. Axis coordinates in metres (UTM zone 60S).
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Figure 5: Results based on TAS Scenario 3 (5 ship holds) with ship holds being opened every hour, starting at
10 am. MB concentrations are in µg/m³. Axis coordinates in metres (UTM zone 60S).

9
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LOG STACK VOLUME

To achieve the emission rates determined in Section 2 and therefore the MB 1-hour criterion at distances
further than 100 m from the log stacks, the maximum volume of logs that can be ventilated per hour has been
determined for the three dose rates. For hours 7am-9am and 3pm-7pm volumes are shown in Table 3, for
9am to 3pm, volumes are shown in Table 4.
For example, if a 30% recapture rate is achieved and 80% of log stacks are recaptured, for the dose rate of
72 g/m3 a maximum covered volume of 4,200 m3 can be released at 8 am. For the same dose and recapture
rates, a maximum covered volume of 6,700 m3 can be released at 11 am. This takes advantage of improved
dispersion nearer the middle of the day.

Table 3: Maximum volume of logs stacks fumigated (in m³) to meet mass emission rate of 32.6 µg/m³
between 7am - 9am and 3pm - 7pm.
Dose rate
(g/m³)

30% recapture rate.

50% recapture rate.

99% of
stacks
recaptured

80% of
stacks
recaptured

50% of
stacks
recaptured

99% of
stacks
recaptured

80% of
stacks
recaptured

50% of
stacks
recaptured

40

8,300

7,700

6,800

11,600

9,700

7,800

72

4,600

4,200

3,800

6,400

5,400

4,300

120

2,700

2,500

2,200

3,800

3,200

2,600

Note: all volumes have been rounded down to the nearest 100 m3.

Table 4: Maximum volume of logs stacks fumigated (m³) to meet maximum mass emission rate of 51.0
µg/m³ between 9am - 3pm.
Dose rate
(g/m³)

30% recapture rate.

50% recapture rate.

99% of
stacks
recaptured

80% of
stacks
recaptured

50% of
stacks
recaptured

99% of
stacks
recaptured

80% of
stacks
recaptured

50% of
stacks
recaptured

40

13,000

12,000

10,800

18,100

15,300

12,200

72

7,200

6,700

6,000

10,000

8,500

6,800

120

4,300

4,000

3,600

6,000

5,100

4,000

3

Note: all volumes have been rounded down to the nearest 100 m .

Table 5 and Table 6 below present the same information, but on mass dosed basis. These tables have been
developed by multiplying the dose rate by the unrounded volumes that are in Table 3 and Table 4
respectively.

10
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Table 5: Maximum MB dose to meet maximum first hour mass emission rate of 32.6 µg/m³ between
7am-9am and 3pm-7pm.
30% recapture rate.

Maximum
MB dose (kg)

50% recapture rate.

99% of
stacks
recaptured

80% of
stacks
recaptured

50% of
stacks
recaptured

99% of
stacks
recaptured

80% of
stacks
recaptured

50% of
stacks
recaptured

333

308

276

464

391

313

Table 6: Maximum MB dose to meet maximum first hour mass emission rate of 51.0 µg/m³ between
9am - 3pm.
30% recapture rate.

Maximum
MB dose (kg)

50% recapture rate.

99% of
stacks
recaptured

80% of
stacks
recaptured

50% of
stacks
recaptured

99% of
stacks
recaptured

80% of
stacks
recaptured

50% of
stacks
recaptured

522

483

432

727

612

490

The maximum values presented in in Table 3 to Table 6 are based on meeting the TEL at distance of 100 m
at the Port of Tauranga, similar analysis could be undertaken for alternative buffer distances. For a 50 m
buffer, maximum volumes and doses would be lower, and for example at a 200 m buffer maximum doses and
volumes would be higher. For other locations, while similar results are expected, site specific modelling
approach would be able to confirm this.

4.0

CONCLUSION

The modelling results and mitigation options presented in this report are based on the TAS modelling and a
range of maximum log pile sizes and time of day restrictions have been developed that ensure the predicted
99.9th percentile is less than the MB guideline at a distance of 100 m from the log piles and at the port
boundary for the ships. For the log piles, it is considered that the range of mitigation options presented
provides feasible controls that can be achieved by the operator and compliance can readily be demonstrated.
For the ship hold fumigations, the restrictions in the times of day when holds can be opened would be a
change in current practice.
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APPENDIX A

Report Limitations

GAIMS Document No.: 19a, Version 2.1

Issue Date: January 2018

Report Limitations
This Report/Document has been provided by Golder Associates (NZ) Limited (“Golder”) subject to the
following limitations:
i)

This Report/Document has been prepared for the particular purpose outlined in Golder’s proposal and
no responsibility is accepted for the use of this Report/Document, in whole or in part, in other contexts
or for any other purpose.

ii)

The scope and the period of Golder’s Services are as described in Golder’s proposal, and are subject
to restrictions and limitations. Golder did not perform a complete assessment of all possible
conditions or circumstances that may exist at the site referenced in the Report/Document. If a service
is not expressly indicated, do not assume it has been provided. If a matter is not addressed, do not
assume that any determination has been made by Golder in regards to it.

iii)

Conditions may exist which were undetectable given the limited nature of the enquiry Golder was
retained to undertake with respect to the site. Variations in conditions may occur between
investigatory locations, and there may be special conditions pertaining to the site which have not
been revealed by the investigation and which have not therefore been taken into account in the
Report/Document. Accordingly, if information in addition to that contained in this report is sought,
additional studies and actions may be required.

iv)

The passage of time affects the information and assessment provided in this Report/Document.
Golder’s opinions are based upon information that existed at the time of the production of the
Report/Document. The Services provided allowed Golder to form no more than an opinion of the
actual conditions of the site at the time the site was visited and cannot be used to assess the effect of
any subsequent changes in the quality of the site, or its surroundings, or any laws or regulations.

v)

Any assessments, designs and advice made in this Report/Document are based on the conditions
indicated from published sources and the investigation described. No warranty is included, either
express or implied, that the actual conditions will conform exactly to the assessments contained in this
Report/Document.

vi)

Where data supplied by the client or other external sources, including previous site investigation data,
have been used, it has been assumed that the information is correct unless otherwise stated. No
responsibility is accepted by Golder for incomplete or inaccurate data supplied by others.

vii)

The Client acknowledges that Golder may have retained subconsultants affiliated with Golder to
provide Services for the benefit of Golder. Golder will be fully responsible to the Client for the
Services and work done by all of its subconsultants and subcontractors. The Client agrees that it will
only assert claims against and seek to recover losses, damages or other liabilities from Golder and
not Golder’s affiliated companies. To the maximum extent allowed by law, the Client acknowledges
and agrees it will not have any legal recourse, and waives any expense, loss, claim, demand, or
cause of action, against Golder’s affiliated companies, and their employees, officers and directors.

viii)

This Report/Document is provided for sole use by the Client and is confidential to it. No responsibility
whatsoever for the contents of this Report/Document will be accepted to any person other than the
Client. Any use which a third party makes of this Report/Document, or any reliance on or decisions to
be made based on it, is the responsibility of such third parties. Golder accepts no responsibility for
damages, if any, suffered by any third party as a result of decisions made or actions based on this
Report/Document.

golder.com

