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Executive Summary
ASG has been engaged by the Environmental Protection Agency’s (EPA) Decision Making
Committee (DMC) Direction and Minute WGT023 of April 2021 which has requested that ASG
independently review Golder (Golder Associates NZ Limited) January 2021, Fumigation Mitigation
Options Investigation Report, which was submitted to Ian Gear, Stakeholder in Methyl Bromide
Reduction (STIMBR).
In December 2020 Todoroski Air Sciences (TAS) prepared a modelling report which took into
consideration mitigation options. To this end, STIMBR requested that Golder review the modelling
prepared by TAS and assist with the development of mitigation options.
For log stacks Golder used the TAS log stack modelling to determine the mass emission rates and
time of day restriction that would be required such that the ground level concentration of methyl
bromide was below the 1-hour TEL of 3,900 µg/m3 (1ppm) at distances 100m or more for log stacks.
Golder did this by re-scaling the emission rates assumed by TAS and then used these emission rates to
determine maximum log pile volumes for various methyl bromide doses and recapture rates. Golder
allowed the scaling to vary according to the time of day of release because it was noticed dispersion
was better during the middle of the day. Golder determined that an emission reduction factor of 4.7
for log piles fumigated between 7am to 9am and 3pm to 7pm and a factor of 3 for releases between
9am and 3pm would ensure the 99.9th 1-hour concentrations were less than the TEL 100m from the
boundary.
For ship holds Golder examined the TAS results to determine the earliest first hold opening time and
latest first hold opening time for each application rate. For example, for an application rate of 120
g/m3 Golder suggested the first hold should be open-ended no earlier than 5 am and the last hold
opening should not be open-end after 11am. Once Golder had discovered optimum earliest first hold
opening times, they then modelled the ship holds at hourly intervals using the same dose rate as TAS
and the same proportions of release per hold. The effect of opening the holds one hour apart instead
of two hours was to double the emission rate. But, according to Golder these release scenarios
resulted in predicted concentrations that were well below the 1-hour TEL.
ASG has two major concerns with Golder recommended mitigation for log stacks. The first is that
the proposed emission rates are too high at 31 g/s (7am to 9am and after 3pm) and 51 g/s (9am to
3pm). These emissions are significantly higher than any of those emissions used in the earlier Golder
modelling. Secondly, using the emission rate as a mitigation tool is not robust, for the following
reasons:
1) The emission rates for both log stacks and ship holds have been based on a single study (Hall
et al 2016) and a few case study events.
2) The assumptions around the log sorption are based on 63 cases which ranged from 22% to
82%, but the modelled emission used the average of 53%.
3) For desorption rates there are no field measurements at all, therefore the emission rate is
based on a theoretical calculation based on Hall’s paper.
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4) The computed emission rate in the field (estimated from head space volume ad pre-vent
concentration) to estimate methyl bromide release is different to the theoretical computed
emission rate used in the modelling. Therefore, for the same approximate log volume, dosage
and application rate the computed emission rates using the two different methods will not be
the same.
5) The emission rates from ship holds are based on a single study in May 2019. 17.5% of the
headspace is assumed to be released in hour 1 and hour 2, equally. 3.5% of the initial volume
is desorbed through the logs in hour 1 and 0.5% in hour 2. In reality, it is possible with
moderate winds that the entire head space is ventilated in the first 20 minutes.
Golder did not use the monitoring results to support their emission caps for log stack fumigations.
Analysis of two fumigation events on the 9th January and 11th June which occurred in the middle of
the day and whose emissions were well below Golder recommendation of 51 g/s produced
exceedances of the 1-hour TEL at 260m and 145m, respectively. This is well beyond the 100m 1-hour
TEL limit proposed by Golder.
For ship holds Golder has recommended that ship hold releases occur an hour apart during the
daytime to take advantage of the meteorological conditions which include unstable conditions and
moderate winds away from the Port boundary towards the harbour. However, ASG has a number of
concerns. Firstly, there are likely to be many more people around during the daytime including
workers at the Port and nearby industry, general public as well as kayakers, fishermen and sailors out
on the harbour. Secondly, ASG is not supportive of ship hold fumigation events occurring
concurrently with log stack fumigations due to the large amount of methyl bromide released and the
lack of information around the ship emission rates which are based on a single study. The ship
emission rates are not conservative. Thirdly, it is understood that the two hour interval between ship
hold fumigations were put forward by the Applicant as a way to keep the concentrations in the near
field below 15 ppm over a 15 minute period. Finally, the mitigated plume produced by Golder shows
the 1 ppm contour line extend well out into the harbour, which is public used recreational space and is
well beyond the Port boundary.
Through TAS modelling, TAS identified several key findings that have an impact on the potential for
compliance with the 1-hour TEL. These outcomes include; the number of log stacks ventilated each
hour, the initial dose, application rate and recapture rate, as well as wind conditions and distance.
Based on TAS findings, ASG has put forward some recommended and additional mitigation options
as follows:
For log stacks:
- Fumigations to occur during the day between 7 am and 7pm.
- Log stacks should be fumigated individually with 5 minutes interval between log stack
fumigations.
- Log stack tarps should be removed slowly such that the fumigation event occurs over a
minimum of 15 minutes (this is to prevent 15 ppm over 15 minutes). Draw back of the first
third of the tarpaulin should be take a minimum of 8 minutes. The second third of the
tarpaulin should be drawn back over a minimum of 4 minutes and the final third of the
tarpaulin should be removed in a minimum of 3 minutes.
iii
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Log stack volumes may have to be reduced in size. Smaller log piles will use a smaller
dosage.
Control limits need to be placed on the actual amount of dosage used, and not on the emission
rate or pre-vent concentration.
Circular buffer distances may be too conservative, buffer distances based on isopleth contours
will be more reasonable.

For ship holds:
- Ship holds should not be fumigated concurrently with log stack fumigations.
- Ship holds to be opened 1 at a time with a minimum limit of 1-2 hours, the time interval may
be determined on wind speed.
- Ship holds should be conducted when the winds are between 5 - 8 m/s during the night, when
most members of the public are not around. Moderate to strong winds can be predicted easily
enough as they will be associated with pre-frontal weather conditions.
- Circular buffer distances determined by dispersion modelling are important.
These recommendations are to assist industry operate in as safe a way as possible. ASG is not
endorsing the use of methyl bromide at the Port of Tauranga. Methyl bromide is a toxic gas harmful
to human health and the environment.
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1. Introduction and Overview
1.1 Background
ASG has been engaged by the Environmental Protection Agency’s (EPA) Decision Making
Committee (DMC) Direction and Minute WGT023 of April 2021 which has requested that ASG
independently review Golder (Golder Associates NZ Limited) January 2021, Fumigation Mitigation
Options Investigation Report, which was submitted to Ian Gear, Stakeholder in Methyl Bromide
Reduction (STIMBR).
The hearing for the modified reassessment of methyl bromide was held between 11 and 17 August
2020, in which the DMC heard from the applicant, EPA, submitters, and the associated witnesses
nominated by those parties.
On the 17th August 2020, the DMC adjourned the hearing to consider all the evidence before it,
including the information provided at the hearing. Following the adjournment, the DMC requested
Todoroski Air Sciences (TAS) to undertake additional air dispersion modelling to inform their
deliberations (in Directions and Minutes WGT023 and WGT024). Parties to the reassessment were
able to provide feedback on this modelling, with the deadline extended, upon request to 29 January
2021. The feedback received from the applicant as attachments to the 25th Memorandum of Counsel,
included new air dispersion modelling by Sullivan Environmental Consultants (SEC) and Golder. In
response to the Direction and Minute WGT031, the EPA provided an Update Report summarising all
of the modelling received for this application. The DMC noted that the SEC and Golder reports have
not been independently reviewed by other experts, unlike the other available earlier modelling reports.
As a result, the DMC has directed that the Golder report is independently reviewed by TAS and
Atmospheric Science Global (ASG).
The DMC has directed that ASG review Golder’s ‘Fumigation Mitigation Options Investigation’ 2021
report by the 6 May 2021. In order to facilitate the review of the Golder report, Golder was to provide
the modelling files directly to ASG and TAS.

1.2 Modelling Overview
On 6 October 2020, TAS provided an email summary of the model setup parameters to all of the
experts involved in the pre-hearing conferencing. An online meeting between SEC, ASG and TAS
was held on the 8th October 2020 to discuss the model set up parameters. Subsequently, TAS
prepared a modelling report which took into consideration mitigation options. To this end, STIMBR
requested that Golder review the modelling prepared by TAS and assist with the development of
mitigation options. Golder understood that the requested additional modelling was provided in
Paragraph 4 of WGT03 which is as follows;
The DMC requests additional air dispersion modelling to provide information on or an assessment of
the following points.
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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 99.9 th percentiles.
The necessary model scenarios were identified from Paragraph 5 of the WGT03 which include a
range of recapture rates, percentage of stacks recaptured and doses for both log stacks and ships.
These scenarios are listed below;
- a 30% minimum recapture of methyl bromide on 50%, 75%, 100% of log stacks.
- then, increasing in 10% increments for 100% of stacks – 40%, 50%, 60%, 70%,
80%, 90%, 99%.
- log stacks to be modelled at application of maximum dosage of methyl bromide for
exports to India and China, as well as the proposed lower application rate of 40
g/m3.
- Ship holds to be modelled at dosage of methyl bromide for exports to India and to
China, as well as the proposed lower application rate of 40 g/m3, with one hold
opened every two hours, and methyl bromide recapture levels of 0%, 50%, 60%,
70%, 80%, 90%, 99%.
- The ventilation of fumigated ship holds and log stacks should be modelled
separately and in combination.
The above scenarios were subsequently refined in WGT024 following the feedback from the EPA and
TAS. The final 25 model scenarios are provided in Table 3-2 of TAS (2020). TAS provided Golder
with the modelling data files for checking purposes and for potential further analysis of the model
results. TAS table 3-2 is provided here for brevity as Table 1-1.
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Figure 1-1.

TAS 2020 Table 3-2. Model Scenarios.

1.3 Golder Modelling Approach
1.3.1 Log Stacks
Golder used the TAS log stack modelling to determine the mass emission rates and time of day
restriction that would be required such that the ground level concentration of methyl bromide was
below the 1-hour TEL of 3,900 µg/m3 (1ppm) at distances 100m or more for log stacks. The distance
of 100m was chosen to match the distance between the existing fumigation area to port boundary
buffer required at the Port of Tauranga.
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Golder identified TAS model scenarios 2, 12 and 13a as being representative of the different log pile
shapes modelled by TAS. These three scenarios model the worst-case conditions for cases of 6, 3,
and 1 log stack(s), respectively, including a treatment rate of 120 g/m 3, recapture rate of 30% applied
to 50% of the logs. Most emissions occur during the hour that the stacks are ventilated which is 50%
of the original dose. The scenarios allowed for ventilation to occur at any hour between 7am and 7
pm. The TAS modelling showed the 1-hour TEL was exceeded in Scenarios 2 and 12 at the Port
boundary.
Golder examined the extent of mitigation required to ensure that the methyl bromide guideline
concentration can be met at the boundary, for all current log stack locations. Golder did this by rescaling the emission rates assumed by TAS and then used these emission rates to determine maximum
log pile volumes for various methyl bromide doses and recapture rates. Golder allowed the scaling to
vary according to the time of day of release because it was noticed dispersion was better during the
middle of the day.
From analysis of TAS modelling for Scenario 2 (6 logs), it was determined that an emission reduction
factor of 4.7 for log piles fumigated between 7am to 9am and 3pm to 7pm and a factor of 3 for
releases between 9am and 3pm would ensure the 99.9th 1-hour concentrations were less than the TEL
100m from the boundary.
Golder determined that the Scenario 2 modelling was based on a dose rate of 120 g/m3 on 6 log stacks
each 1,800m3 with 30% recapture and 50% of logs stacks recaptured. According to Golder this is a
dose of 1296 kg of methyl bromide and the first hour emission rate of 153 g/s (from TAS Table 3
assumptions). This gave an estimated methyl bromide release of 551 kg.
Using these factors, Golder estimated the first hour emissions to meet the upper limits to ensure the 1hour TEL is met at the 99.9th percentile level 100m from the log fumigation activity. Table 1-1
provides the Golder recommended emission rates. Golder then took these emissions and applied them
to both 6 and 3 log stack scenarios and presented these as isopleth contours (Figure 1 and 2 of Golder
report) to represent TAS Scenarios 2 and 12, respectively, but with the emissions reduced according
to time of day.
Table 1-1.

Shows the recommended Golder 2021 emission rates to meet the 1-hour TEL at 100m.

Mass emission rate (g/s)
7am to 9am and 3pm to 7pm
32.6

9 am to 3 pm
51.0

1.3.2 Ship Holds
The TAS modelling considered a single vessel with 5 holds, each with an individual dimension of
22m x 22m and 20.1m deep. The height of the holds is 8m. The total volume of each hold is
9.728m3. Each ship hold was modelled as an individual volume source. Similarly, to the log stacks
methyl bromide treatment rates of 40 g/m3, 72 g/m3 and 120 g/m3 were considered with and without
recapture. A retention rate of 50% of the original concentration at the start of the ventilation period is
1-4

assumed to be sorbed into the logs. Emissions of methyl bromide from ship holds were modelled
over a 13-hour period where it was assumed one hold is opened every two hours. During the first
hour, 21% of the original concentration is released during ventilation assuming 17.5% headspace loss
and 3.5% released from log desorption. During the second hour 18% of the original concentrations is
released during ventilation assuming 17.5% headspace loss and 05% released from log desorption.
For the remaining 11 hours 1 % of the initial dose is released from log desorption. Figure 1-2 shows
the ship hold emissions profile for various application rates. The emissions appear to slowly increase
as the desorption process continues for several hours after the holds are opened.
Figure 1-2.

TAS emission profile for ventilation and desorption of ship holds with 0% recapture

TAS concluded that the maximum impacts from ship ventilation scenario tend to arise up to ten hours
after the initial ventilation start time. This is because the ship ventilation emissions slowly increase as
each hold is progressively opened and peak ten hours after commencing ventilation.
Of the ship model scenarios in Table 1-1, scenarios 3, 6a and 6b and 14 were ship holds only.
Scenario 3 allows for ship hold ventilation to occur at any hour. The treatment rate for Scenario 3 is
120 g/m3, which according to Golder is a total of 1167.4 kg per hold. Scenario 6a is the same as
Scenario 3 except that it uses a treatment rate of 72 g/m 3 and thereof rea total of 700.4 kg per hold.
Scenario 14 uses a treatment rate of 40 g/m3.
Golder examined the TAS results to determine the earliest first hold opening time for each application
rate. These times are included in Table 1-2 for brevity. As an example, for the 120 g/m 3 dose, Golder
suggested the first hold should be opened between 5 am and 11 am.
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Table 1-2.

Golder ship application rate and first hold opening.

Once Golder had discovered optimum earliest first hold opening times, they then modelled the ship
holds at hourly intervals using the same dose rate as TAS and the same proportions of release per
hold. But, instead of two-hour intervals between each hold, Golder looked at opening the holds
successively one hour apart. The effect of this is that the emission rates are effectively doubled.
Golder presented contour isopleth plots showing the 99.9th percentile for an 8am start, a 9am start and
a 10am start. According to Golder these release scenarios result in predicted concentrations that are
well below the 1-hour TEL.
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2. Review – Log Stacks
2.1 Emission Rates
2.1.1 Concern #1
Golder have based their mitigation limits on emission rates that are based on a number of assumptions
from a single study and a few case study events. ASG has the following concerns with this mitigation
method recommended by Golder. The emission rates of methyl bromide that are used in all the
modelling depend on the following list of assumptions:
6) The sorption and desorption characteristics of methyl bromide are based on a single study of
Hall et al (2016) and a few measurements by Genera.
7) Figure 1 in the original Golder report showed that MB reduction (sorption by the logs) for 63
cases ranged from 22% to 82%, but the modelled emission rate has used the average value of
53%.
8) For desorption rates there are no field measurements at all, therefore the emission rate is
based on a theoretical calculation based on Hall’s paper. The modelling has assumed 15.4%
spread over many hours.
9) The amount of methyl bromide available for release before recapture is 47% which is what is
assumed to remain in the headspace after 53% sorption by the logs.
10) The emission rate is further subject to recapture, where Golder has assumed a minimum
recapture rate of 30% on 50% of all logs. Recapture rate and number of logs recaptured is
highly variable. Currently Genera can only guarantee a maximum recapture rate of 30%.
In the field, Genera determine the emission rate in a different manner to that which was used in the
modelling. Genera estimate the quantity of methyl bromide released from each log stack or ship hold
based on assumptions of the head space volume and the measured pre-release concentration of methyl
bromide. The headspace volume is taken as the total fumigation volume minus the volume of the
logs. Although the pre-release concentration may be reasonably accurate as it is relatively easy to
measure the concentration under the tarpaulin, the estimate of the head space volume is a rough
estimate and therefore has a moderate to low level of uncertainty. If the head space volume is
underestimated then the amount of methyl bromide released to the air is under estimated and vice
versa. The ventilation equation used by Sullivan 2019 as reported in the 2020 ASG Review showed
that by increasing or reducing the headspace volume by just a small amount (50m3) significantly
altered the methyl bromide ventilation flux.
Therefore, the modelled emission rate and the field emission rates are computed differently, and will
end up with different results for the same approximate size volume of logs and application rate. The
first method relies on theoretical assumptions from a single case and a few case studies, whilst the
second method relies on monitoring results as well as assumptions about the size of the head space
volume. Therefore, using the emission rate as a mitigation tool is not recommended.

2.1.2 Concern #2
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The original Golder modelling conducted in July 2019 developed emissions profiles based on actual
records. Details of fumigation events are routinely computed by Genera these include estimates of the
volumes of logs fumigated, methyl bromide concentrations prior to release and the total mass of
methyl bromide released to the atmosphere. Genera also records the dose of methyl bromide and the
total enclosure volume. In addition, at the time of the 2019 modelling Genera also had JAS volumes
of 63 events. Using this data Golder developed daily hourly emission profiles which were based on
the maximum methyl bromide emission rate on the same hour of the same day which was repeated for
every month. This meant that the hourly emission profile for each month was the same. The hourly
emissions were then repeated for each of the three modelling years (2014, 2015 and 2016). Figure 2-1
shows the hourly emissions profile.
Note in the 2019 modelling Golder capped the methyl bromide usage\dose to 450 kg initial loading
per hour, if more than this was used then the extra methyl bromide was to be vented in the next hour.
It is not altogether clear why this was done, although Golder has stated in the early reports that this
was done to “maintain the historical total of methyl bromide usage in combination with the proposed
future emission limit”. Therefore, a dosage of 450 kg\hr was being considered as a future limit.
Figure 2-1.

Golder hourly emissions profile in original July 2019 modelling.

What is most noticeable about Figure 2-1 ‘the 1-hour emission profile’, which was developed using
actual records but capped at 450 kg/hr dosage was that the emission rate never rose above 31 g/s. The
model results from the Golder 2019 modelling are presented below for brevity in Figure 2-2 and show
the maximum 1-hour results on the left and the 99.9th percentile on the rhs. In addition to using the
actual records, capped at 450kg/hr Golder also assumed;
o 80% of all log stacks and 80% of the headspace was recaptured.
o 4-6 log piles
o 53% of initial dose absorbed into stacks, which left 47% headspace
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o

62% of the initial dose was released to the atmosphere if there was no recapture

The model results show that Port boundary is exceeded to the west and east at the 1-hour maximum
and at the 99.9th percentile the Port boundary is not exceeded anywhere.
Figure 2-2.

Golder model results (July 2019)

Golder 2019 modelling – log stacks only, 1-hour
99.9th percentile, dotted line is 1ppm

Golder 2019 modelling – log stacks only, 1-hour
maximum. blue dotted line is 1ppm.

At around the time of the initial Golder modelling monitoring data was made available. This included
the following events (Table 2-1) which produced exceedances of the 1-hour TEL at the Port
boundary.
Table 2-1.

Available monitoring data at the time of the Golder 2019 study. (SC is Suma Canister for
methyl bromide).

Reported
Golder

Date
8 August 2018

Golder

22 August 2019

Beca (p29),
Golder
Beca (p29),
Golder
BOPRC

MB used (kg)
558
1409,
1561

Recapture
7/7

ppm
2.3 SC

Where
Boundary

18/23, 9/9

1.1 SC

Boundary

30 May 2019

1398

14/17

2.21 SC

Boundary

June 2019

Not known

15/19, 5/8

2.8 SC

Monitored
safety zone

November
2018 – July
2019

Not known

Not known

TVOC
0.6 -4.5

Boundary

The current recommended emission limits of 31 g/s (7am to 9am and after 3pm) and 51 g/s (9am to
3pm) in light of this earlier modelling and monitoring raised the following concern.
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The earlier modelling showed an hourly emission maximum of 31 g/s (Figure 2-1), which assumed
80% recapture on 80% of log stacks with the first hour capped at 450 kg/hr. This emission rate is the
same as that currently recommended for log stacks ventilated from 7am to 9am and after 3pm
assuming 30% recapture on 50% of logs. Note that the earlier modelling produced exceedances of the
1 hour maximum at both the west and east of the port boundary, and no exceedances at the boundary
when assessed at the 99.9th percentile. Note. At the time of the review of the early Golder modelling,
ASG argued that the 1-hour maximum results were more representative of actual events as the
modelling used actual records and, the model results showed some exceedances at the boundary
which were consistent with the monitoring at the time. It was pointed out at the time that the
monitoring results should not be higher than the modelling results, for obvious reasons as they imply
that the modelling is not protective of human health. Therefore, it came as some surprise that the
emission rates computed for the earlier Golder 2019 modelling were significantly lower than those
recommended in the latest 2021 mitigation report.
In summary, ASG does not recommend the use of emission rate as a mitigation tool for methyl
bromide reduction on the Port. The emission rate is determined differently in the field for application
purposes compared to that for modelling purposes. Both methods rely on different assumptions and
for the same log stack each method will end up with a different value. A second concern is that the
2021 Golder recommended emission rates for mitigation are significantly lower than those used in the
earlier 2019 model, where the 1-hour maximum results agreed better with the monitoring data.

2.2 Monitoring Data
In addition to modelling, there has been a large amount of monitoring conducted by Genera, Air
Matters and BOPRC. Table 2-1 above provides monitoring of 5 log fumigation events where
exceedances were recorded at the Port Boundary in 2018 and 2019. Further, Air Matters conducted
monitoring of 20 fumigation events between the period of November 2019 and January 2021. Air
Matters monitoring consisted of up to four 1-hour methyl bromide canister samples, 2, 24-hour
canister samples and four photoionization detectors (PID) measuring TVOC. The results of this
monitoring concluded that the highest 1-hour and 24-hour methyl bromide concentrations measured at
the fence line was 720 ppb (0.7 ppm, where 1-hour TEL is 1 ppm) and the highest 24-hour
concentration measured at the fence line was 202 ppb. The number of log rows vented over the 1hour sampling period decreased as the project progressed. The maximum number of log rows vented
over a 1-hour period was 11 (January 2020) and towards the end of the project it tended to be 1 log
row.
ASG has long been of the view that active monitoring on-port is not robust enough. Even if monitors
are well calibrated and are of a good quality, monitoring highly variable methyl bromide fumigation
events are a chance event. Monitors are just snap shots in time and space of highly variable plumes,
and plumes just ten metres either side of the monitor will never be recorded. The Air Matters
monitoring program results of 20 fumigation events is consistent with this thinking which is
highlighted in the following points;
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1) Of the 20 fumigation events monitored by Air Matters, 4 of those events recorded 1-hour
methyl bromide canister measurements of over 1000 ppb on the Port (1-hour TEL is
1000ppb). These results are shown in Table 2-2.
Table 2-2.

Air Matter monitoring events that recorded close to or over 1000 ppb.

Date

No. Log
rows

MB
applied

MB
released

9/1/2020
7/5/2020
11/6/2020
12/6/2020
28/12/20

11
2
2
3
1

559
533
238
349
221

122
65.4

Computed
emission
rate (g/s)
33.8
59.1
26.4
38.7
18.2

Rct No.

On Port

Distance
(m)

16
22
23
25
53

yes
yes
yes
yes
yes

260
50
45
145
70

MB
1hour
(ppb)
1220
3420
4790
1320
629

The results show that;
a. The monitors are randomly capturing the passing plume. It can be argued that the
event on 11th June where 238 kg of methyl bromide applied gave a concentration of
4790 ppb at 45m, is the event that most resembles the plume centreline (this is
because it gives the highest concentration for the lowest amount of methyl bromide
applied), compared to a much larger dose of 533 kg of methyl bromide which only
gave a concentration of 3420 ppb (7 May 2020). Had the actual plume centreline been
captured on the 7th May, it is expected that the concentration should have been
significantly higher.
b. 1 log pile on the 28th December was dosed with 221kg of methyl bromide and 65.4 kg
was estimated to be released. This gives a release rate of 18.1 g/s (computed from
pre-vent concentration) or approximately 24.5 g/s (Golder and TAS method). This
gave a measured concentration of 629 ppb at a distance of 70m. What is interesting
with this, event is that the emission rate is significantly lower (< half) than that
currently recommended of 51 g/s. Had the release been 51 g/s the measured
concentration may have been double (1258ppb) at 70m and easily 1000ppb at 100m.
c. 559 kg of methyl bromide dosed on the 9th January 2020 gave an estimated methyl
bromide release of 122 kg/hr or 33.4 g/s. The measured concentration was 1220 ppb
at 260m. Again, this emission rate is significantly lower than that proposed by
Golder of 51 g/s and it does not meet Golder 100m TEL criteria, in other words the
plume extended to 260m and the emission rate was only 64% of that recommended
by Golder.
2) Other results of the 20 fumigation events monitored by Air Matters, show that the monitoring
results for similar events can vary by 4 orders of magnitude. This highlights how difficult it is
to place the monitors in the correct location to capture the fumigation events. Analysis of the
1 minute meteorological stations at the port show significant vertical and horizontal shear in
all light and moderate winds (< 5 m/s).
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3) The PID and SUMA canister monitors at the same location can also be three orders of
magnitude different for the same event.
4) The fumigation event of the 20 November 2020 for 7 log stacks is shown below in Figure 2-5
(PDP Report). The actual event was 7 log stacks where the first two tarps are removed
simultaneously followed a 6 minute interval before the third tarp was removed with the fourth
and fifth tarps removed 4 and 14 minutes later. The final two tarps were also removed off log
stack 6 and 7 within the hour. The concentration at the monitors shows that only tarp 2
fumigation was monitored. There is no question that the tarp removals of the other log piles
also would have produced substantial peaks, but this is a good example where the monitor
was just not in the right place to pick up the other fumigation peaks.
Figure 2-3.

Fumigation event summary of the 20 November 2020 (PDP report).

Therefore, in summary, the monitoring results whilst helpful are not robust enough to make
management decisions on methyl bromide mitigation. Although none of the Air Matter monitoring
produced exceedances of the 1-hour TEL at the port boundary, it cannot be concluded that the 1 hour
TEL was not exceeded at the boundary. Since the monitor will only capture the plume when it passes
directly over the monitor, the actual highest concentration of the plume could be 10m from the
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monitor and never be measured. The fumigation events of 9th January and 11th June as detailed in
Table 2-4 which occurred in the middle of the day and whose emissions are well below Golder
recommendation of 51 g/s produced exceedances of the 1-hour TEL at 260m and 145m, respectively.
This is well beyond the 100m 1-hour TEL limit proposed by Golder with a 51 g/s emission rate.
Therefore, these monitoring results show that mitigation based on computed emission rates is not
robust enough to protect human health.

2.3 Modelling
To-date there has been several modelling studies, both probabilistic and deterministic modelling. It
was decided by the Experts that deterministic modelling where the output of the model is fully
determined by the parameter values and the initial values was preferred over probabilistic models
which incorporate randomness into their approach.
Releases of methyl bromide from fumigation events are transient events that are not well-represented
by traditional dispersion modelling which uses a one-hour time step to represent individual or
multiple tarp removals which occur over ten minutes. Figure 2-5 which represents the monitored
fumigation event 7 May 2020, clearly shows what the emission rate should look like, i.e., peaks and
troughs within the hour, but instead the modelled emission rate is assumed steady and uniform across
the hour of around 25 g/s, which is lower than it would otherwise be if the peaks were taken into
account. The effect of using the average emission rate is that the model output predicted
concentrations also represent the mean.
Figure 2-4.

Fumigation event of 7 May 2020.

In an attempt to address this short coming, one minute modelling using all available date from the
Port was used which included 1 minute meteorological data from several stations. In addition, the
emission rate was allowed to vary in accordance with the tarp removal and computed release rate
which was determined from the pre-vent concentration. One-minute modelling was conducted for
ten fumigation events. The predicted methyl bromide concentration results of the 1-minute modelling
were compared to the PID VOC measures and SUMA canister measurements at the monitoring sites.
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Whilst the 1-minute model predictions of methyl bromide concentration showed good agreement on
the temporal scale with the monitoring data, (i.e., the model was able to predict the timing of the
peaks and the troughs of the emission correctly), the model consistently underpredicted the peaks for
all fumigation events. Examination of the meteorological data showed significant vertical and
horizontal wind shear, consistent with the weakly unstable atmosphere over the Port. Structures
around the port including the log piles themselves are partly responsible for the highly variable nature
of the methyl bromide plumes. Why the model underpredicted the fumigation events so significantly
is not fully known without a more detailed in depth analysis. However, it is thought that too much
shear was introduced into the model which would have the effect of rapidly diluting the plumes. But
in addition to too much dilution, the next obvious reason for the model underpredictions is that the
emission rates were being underestimated.
Whilst on the subject of discussing the < 1 hour modelling and emissions, and the event of 7 May
(shown above) it is important to discuss short term exposure assessment to methyl bromide. At the
Expert Conferencing it was agreed that the near field (right up to the Port boundary) required a
different modelling approach, and that the near zone must address the unregulated short-term STEL of
15 minutes. It was also agreed at this conferencing that the near field modelling would consider recent
monitoring of fumigation events.
Although there is no regulated short term exposure limit, MPI1 recognises a TLV-STEL (threshold
limit value – short term exposure limit) for a duration of 15 minutes, that cannot be repeated more
than 4 times per day with at least 60 minutes between exposure periods. For methyl bromide the TLVSTEL is widely accepted as 15 ppm (15,000 ppb). Figure 2-6 shows that the STEL may be
potentially at risk for removals of both tarp 1 and tarp 2, which hit 20,000ppb and 18,500 ppb,
respectively. New Zealand should have a 15-minute STEL, as it would ensure peaks like those
recorded from 2 log pile fumigation events were managed better as there would be strict control
around the fumigation events such as tarp removal times, and intervals between log stack fumigation
events. By placing in controls for the STEL is to also effectively manage the 1-hour, 8-hour and 24hour TELs. These controls might include; buffer distances, wind speed (and to a lesser degree wind
direction) management, time of day releases, reduction on the dosage quantity of methyl bromide,
smaller log stack volumes, dosage meters that relied on a top up method rather than an initial massive
dose, and time restrictions on consecutive tarp removals.

The recent modelling (TAS 2020) on which the Golder recommendations are based considered a
consistent emission rate for every hour of the day over three years. In other words, for example, hour
07h00 was modelled against actual hour 07h00 meteorology in 2014, 2015 and 2016. The model
predicted concentrations was therefore 26,280 hours of 07h00 modelled concentrations, stored in a
binary concentration file called Hour07h00. Rather than show the maximum 07h00 concentration the
99.9th percentile concentration (26th highest concentration) was compared to the 1-hour TEL of 1ppm
(1000ppb). However, it is important to note that the latest TAS modelling does not include any
residual methyl bromide from previous fumigation events in previous hours, nor does it consider
multiple stack locations. So, in effect this means that controls around consecutive hours of
1

https://www.mpi.govt.nz/dmsdocument/29828/direct
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fumigation may have to be considered for log stack fumigations as no cumulative impacts of methyl
bromide have been considered.
One of the key purposes of the dispersion modelling was to help establish distance based buffer zones.
TAS and SEC have developed buffer zones using CALPUFF to establish a probability that a given
buffer zone will not result in an exceedance of a user specified concentration. Because of the
complexities surrounding the emission rate and monitoring, buffer distances should form a key
management tool for managing all fumigation operations at the Port, especially ship hold fumigations.
Maintaining safe distance zones should be of a higher priority than the active monitoring during
ventilation due to the hit and miss nature of the monitoring.
The TAS modelling showed methyl bromide contour plots showing the 99.9 th percentile spatial extent
of methyl bromide impact with approximate buffer distances to meet the 1-hour TEL for each
scenario. The results show that irrespective of the initial dose and recapture of the remaining
fumigant prior to ventilation, the 1-hour average methyl bromide concentration over the 3 years
modelled has the potential to exceed the TEL limit of 3900 ug/m3 at some distance from the modelled
source. ASG is in agreement with the TAS modelling but recommends the buffer distances for log
stacks be in line with the isopleth contour which are dictated by wind direction rather than a circle
which is too restrictive.
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3. Review – Ship Holds
3.1 Emission Rate
The ventilation rate of a ship hold has been assumed to release its headspace within the first two hours
of ventilation, and the initial release rate was evenly distributed for the first two hours, i.e., 17.5% for
each hour. This assumption was based on monitoring conducted on the 17th and 18th May 2019.
Monitoring from 5 PID monitors found that there were two spikes over the first two hours of the
ventilations, and it was understood that approximately 35% of the methyl bromide remained in the
head space after sorption. However, in order to be conservative and in line with the literature it was
assumed that 50% remained would be released to the air either directly from the headspace or through
desorption of the logs. Therefore, it was assumed that 17.5% was released in the first hour from the
headspace and 3.5% from desorption, and in the second hour, 17.5% was released from the headspace
and 0.5% through desorption.
It is important to point out that the ship hold emission rates are based on a single case event, where
not even the timing of the releases nor the meteorological conditions from the holds is known. ASG
struggles with the assumption that the release from a single hold is identical for the first two hours.
Ship hold ventilation will largely be a function of the wind speed, wind direction and atmospheric
stability as well as alignment of the wind direction to the ship orientation. For some conditions
(stronger winds and unstable atmospheric conditions) with the wind parallel to the boat it is not
unreasonable for 90% or even 100% of all the available methyl bromide in the head space would not
be drawn off within the first 20 minutes. The effect of this in the model would be to release the entire
headspace in the first hour. Therefore, the emission rate assumptions in the modelling are not
conservative.

3.2 Modelling
TAS makes the point that the maximum ship impacts for the ship ventilation scenario tend to arise up
to ten hours after the initial ventilation start time. This reason this occurs is that the ship ventilation
emissions have been allowed to slowly increase as each hold is progressively opened and peak
approximately ten hours after commencing ventilation. That the ship hold emissions progressively
increase and peak ten hours after the first hold is opened is astonishing and is simply not believable.
The modelling shows this to be the case because the emission rate from the 5 ship holds is smoothed
out over an 8-hour period, when in reality this is very unlikely to occur for moderate winds and may
only occur for winds perpendicular to the boat under very light wind conditions.
Golder have used the TAS model results and the time of peak concentration (ten hours after the first
hold has opened) to provide earliest first hold opening times. These times are coincided with the best
dispersion meteorology, i.e., unstable atmospheric conditions and moderate winds. Figure 3-1 shows
Golder (Figure 3) results for ship holds released 1 hour apart starting at 8am.
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Figure 3-1.

Golder 5 ship hold releases starting at 8am based on TAS Scenario 3.

The plume is pushed west due to the onshore flow which typically occurs most day of the year in the
summer months at the Port. These winds are moderate, in the range 3 – 5 m/s and the atmosphere are
generally weakly unstable and unstable.
There are a number of concerns with this proposed ship hold mitigation, as follows;
1) Although atmospheric conditions are more favorable for better dispersion of ship holds during
the daytime, there are likely to be many more people around including workers at the Port and
nearby industry, general public, as well as kayakers, fishermen and sailors on the harbour.
2) Ship holds and log stack fumigations should not be allowed to occur concurrently. The ship
holds emission rates used and the release of the emission rates into the atmosphere is based on
a single event in May 2019 and one or two studies. The ship holds emissions used in the
modelling are not conservative. Only 21% of the initial dose is released in the first hour,
followed by 18% of the initial dose in the second hour. In moderate windy conditions the
emission rate could be as much as 39% of the initial dose in the first 20 minutes.
3) Golder has recommended each ship hold open at one-hour intervals, rather than 2-hour
intervals as originally put forward by the Applicant. This means that the emission rates are
effectively doubled in the 2nd hour as the first hold is still emitting 18% of its emission in its
second hour and the 2nd hold is releasing 21% of its headspace. This raises several points:
a. Golder’s Figure 3, 4 and 5 which are the isopleth contours of hold openings starting
at 8am 9am and 10am do not show a spatial increase in the methyl bromide footprint
compared to the TAS model, even though the emission rate has effectively doubled.
A quick model examination of a 2.8 m/s wind and a 5 m/s wind with the emission
rate at 21% (headspace ER in first hour + desorption) and 39% (all headspace ER)
shows that the concentrations are significantly higher and remain that way till 1km
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downwind. Therefore, it is not clear why the Golder foot print has not expanded
accordingly.
b. It is understood that Genera put forward the two-hour interval between ship hold
fumigation as a mitigation measure. It was assumed this was based on best practice
and primarily to keep the concentration below 15 ppm in order to protect workers and
others on the Port from being exposed to very high levels of methyl bromide. Even
though NZ does not have a short-term STEL, the experts agreed that a 15ppm limit
over 15 minutes would be considered in all modelling. Golder does not appear to
have taken this into consideration when recommending 1-hour intervals between ship
hold fumigations.
c. The Golder recommended ship hold plume extends westward across the harbour and
extends over the western port area and covers a substantial part of the harbour. The
harbour and western port are well beyond the Port boundary. Sailors, fishermen,
other harbour boats, kayakers, i.e., members of the public will be exposed to high
levels of methyl bromide, which is not acceptable.

3.3 Monitoring
There have been a few monitoring events of ship hold fumigations. The most recent are three ships
monitored by Air Matters of 5 ship holds at Berth 10 on the 27th November 2019, 1 ship hold at Berth
9 on the 21st August 2020 and 1 ship hold on the 3rd December 2020. The 1-hour methyl bromide
canister results were < 235 ppb. These results are significantly lower than other measurements
conducted on ship holds in the past.
Other ship hold monitoring events were conducted by BOPRC on the 1 August 2018, 22 August 2019
and more recently on the 16th July 2020. In each case ship holds were all opened within the first two
hours and returned TVOC of 4.29 ppm, 2.4 ppm at the port boundary and 2.3 ppm TVOC and 1.5
ppm (Summa cannister) over 2.5 hours.
Similarly, to the log stacks ship hold monitoring is complicated and should not be considered robust
enough for mitigation measures.

3.4 Review Model Files
ASG has assessed the Golder model files, although time restraints have meant that a full analysis has
not been able to occur. Golder used the TAS modelling and then employed several CALPUFF
utilities to sum and scale the concentrations as necessary.
Golder used the following procedure to post process the CALUFF results.
a) Used CALSUM to combine outputs for each year, for each log pile, and re-scale to the actual
emission rate. Outputs remain separate for each ventilation time.
b) Used CALAVE to average the hourly results to a new averaging period (this is redundant
when not changing the averaging period, but would be necessary for longer time-averages).
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c) Used CALMAX to combine the runs for each ventilation time, taking the maximum
concentration at all time steps and receptor locations over each ventilation time.
d) Used CALRANK to extract the 99.9 th percentile MB (27th highest) over the port area.
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4. Discussion and Conclusions
In 2020 TAS conducted dispersion modelling with CALPUFF to predict the potential for air quality
impacts. TAS followed a deterministic approach to fixed source locations of log stacks and ship holds.
Emissions were assumed to occur in any hour over a three year period. The modelling showed the
effects of these emissions during all weather conditions at the 99.9 th percentile. The TAS modelling
considered three initial treatment rates; 40, 72 and 120 g/m 3 with recapture rates up to 90% and
recapture of methyl bromide applied to 40%, 75% and 100% of log stacks and 100% in ships. TAS
presented the results as concentration contours and showed that there was the potential of some
scenarios to exceed the 1-hour TEL. TAS also developed a wind matrix indicating wind speeds < 2
m/s would most likely result in greater impacts, and that the buffer distance is wind speed and wind
direction dependent. TAS identified 5 key factors that were found to have a significant bearing on
the potential for compliance with the TEL criteria based on the dispersion modelling.
1) The number of timber log stacks or ship holds ventilated per hour
2) The initial dose and application rate
3) The capture rate or final concentration
4) Wind conditions, and
5) Distance to the nearest receptor location
In addition to these ASG believes controls on the following would also have a significant bearing on
the potential for compliance with the TEL criteria.
1) The time interval between consecutive log stack tarp removals and ship holds openings
2) The length of time to remove each log stack tarp, and to open up each ship hold
3) Time of day releases, log stacks during the day and ship holds at night
4) Preventing ship holds and log stack fumigations from occurring concurrently
5) Potentially smaller log stack volumes
6) Log stack dosage meters that relied on top up rather than an initial massive dose
Point 1. The time interval between tarp removals and ship hold openings is important as it will reduce
the risk of concentrations reaching 15 ppm for 15 minutes. Currently tarp removals are removed
within minutes of one another which can release a significant amount of methyl bromide in a very
short period of time. For an 11 log stack fumigation event on the 9th January, 11 tarps were removed
in an hour, 5 of the tarps were removed within 4 minutes of one another. By reducing the risk for 15
ppm peaks to occur over 15 minutes will also significantly reduce the 1-hour average concentration.
A time interval of 1-2 hours (depending on wind speed) between ship hold openings is recommended.
Point 2. By slowing the speed of the tarp removal, especially the initial draw of the tarpaulin will slow
down the release and allow for better dilution of the initial plume. The monitoring events show
clearly that the bulk of the methyl bromide from the log stacks occurs in the first few minutes of
ventilation. The same applies to ship holds, gradual release of each hold over half an hour will reduce
the amount of methyl bromide to the atmosphere.
Point 3. Time of day releases recommended by Golder 2021 often go hand in hand with wind speed.
During the middle of the day’s winds are usually moderate ~ 3m/s compared to the early morning and
evening when they are often < 1.8 m/s. However, care must be taken as onshore flow will occur in
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the middle of the day and push the plumes out over the harbour. Sailors, kayakers as well as harbour
users could be exposed.
Point 4. Ship hold mitigation is going to be a challenge due to the vast amounts of methyl bromide
dosage required, as well as the ships’ close location to the eastern Port boundary and their potential
affects across a significant part of the harbour which is used by the public.
a. Ship holds should not be vented concurrently with log stacks. We know too little about the
actual emission rates of ship holds and their releases.
b. Wind speed and wind direction to the ship orientation will make a big difference to the rate at
which each hold is ventilated. Moderate winds orientated along the length of the ship will
produce a significant plume which will likely draw off the methyl bromide faster than
moderate winds perpendicular to the ship. In light wind conditions, the release rate is
expected to be much slower regardless of wind orientation to the ship. A 1-hour interval
between opening ship holds in moderate winds (~ 3-5 m/s) may be sufficient time, but in light
winds <2 m/s a 2-hour interval between ship hold openings may be necessary.
c. Distance based buffer distances are important for ship holds, these are relevant over the
harbour as well as the Port.
d. More work and analysis need to be done on ship holds, especially allowing the entire head
space from each hold to be released in the first hour. ASG does not agree that the greatest
ship hold impact occurs ten hours after the first hold is opened.
e. Opening each ship hold gradually over a period of 30 minutes is a sensible mitigation option
as it will spread the release of a single hold over a longer period which will reduce the
concentration.
Point 5. ASG recommends capping the dosage rate, a method that was first put forward by Golder in
2019 where they capped the emission rate to a maximum of 450 kg/hr. However, capping the
emission rate goes hand in hand with a reduction in size of the log piles. Currently the modelling has
assumed a single log pile is 60m long x 6m wide and 5m high and has a volume of 1800m3. For an
application rate of 120 g/m3 approximately 216 kg of methyl bromide is required which gives an
emission rate of approximately 25 g/s assuming 30% recapture on 50% of all logs. At the time of
writing the Discussion section of this review (6 May 2021) it had just been discovered that the Golder
emission rates are a factor of 2.43 too high due to an error in the TAS modelling results. This means
the Golder recommended emission rates of 31g/s from 7am –9 am and 3pm to 7pm are now 12.75 g/s,
and the midday emission rate which was 51 g/s is now reduced to 20.98 g/s. With these new much
lower releases, Genera might struggle with high dosage rates on large log piles.
One option is to reduce the size of the log piles to say 100m3, i.e., 10m long x 2.5m wide and 4m
high. Table 3-1 shows that with small log piles the amount of methyl bromide dosage (even for high
application rate of 120 g/m3) will be is significantly lower than for large log stacks. Smaller log piles
in conjunction with slower tarp removal and a 5-10 minute interval between each fumigation event
will significantly lower the concentration.
Table 4-1.

Total methyl bromide dose required for a 100m3 log pile and approximate number of log
stacks per application rate.
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Application Rate

Total kg dosage

40
72
120

4
7.2
12

No. log stacks
7am – 9am $ 3pm – 7pm
4.4
7.9
2.6

9am to 3pm
7.3
13.1
4.4

Point 6. It is understood that Genera estimate the quantity of methyl bromide released from each log
stack or ship hold based on the calculated head space volume and the measured pre-release
concentration of methyl bromide. The headspace volume is taken as the total fumigation volume
minus the volume of the logs. This means a large initial dose is applied which may on occasion be
too much. Automated dosage top ups may be a more efficient way to bring the concentration up to
the correct amount and ensure no wastage of methyl bromide product.
ASG does not support the Golder method of using the emission rate as a form of mitigation tool for
log stacks. As pointed out in Section 2 the emission rate is determined differently in the field when
determining the release rate to the emission rate used in the model. Both methods rely on different
assumptions with the latter based on a single study. Ship hold fumigation is much harder to mitigate
due to the large dosage of methyl bromide required. ASG can understand that daytime fumigation of
ship holds might introduce meteorological conditions conducive to good dispersion but ASG is not
recommending ship holds be fumigated at the same time as log stacks and are concerned that too
many people are up and about during the day time, especially those on the harbour. It would be very
difficult to evacuate the harbour prior to a fumigation event. Night-time fumigations of ship holds
seems sensible as the general public, boaties, fishermen and kayas are not around. Further, moderate
to strong wind conditions (5.0 – 8.5 m/s) occur for 9.5% of the time from 1am to 6am and for 13.7%
of the time from 7pm to midnight (Figure 4-2). These winds are primarily from the west and
southwest and are associated with neutral atmospheric conditions. Since these strong winds are
caused by large synoptic systems, such as pre-frontal conditions or post frontal conditions, they are
easily predicted three or four days in advance. Figure 4-1 shows the reduction in methyl bromide
concentration for a single ship hold and three different wind speeds. The concentration is
significantly lower for all downwind distances at 8.5 m/s.
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Figure 4-1.

Methyl bromide concentration with distance from a single ship hold release for three wind speeds

Figure 4-2.

Tauranga Airport Night-time wind roses
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5. Limitations
This report has been prepared by ASG for the DMC and the EPA and may only be used and relied on
by the DMC and EPA for the purpose agreed between ASG and the EPA as set out in Section 1 of this
report.
ASG otherwise disclaims responsibility to any person other than the EPA arising in connection with
this report. ASG also excludes implied warranties and conditions, to the extent legally permissible.
The services undertaken by ASG in connection with preparing this report were limited to those
specifically detailed in the report. The opinions, conclusions and any recommendations in this report
are based on conditions encountered and information reviewed at the date of preparation of the report.
ASG has no responsibility or obligation to update this report to account for events or changes
occurring subsequent to the date that the report was prepared.
The opinions, conclusions and any recommendations in this report are based on assumptions made by
ASG described in this report. ASG disclaims liability arising from any of the assumptions being
incorrect.
ASG has prepared this report on the basis of information provided by the EPA and others who
provided information to the EPA, which ASG has not independently verified or checked beyond the
agreed scope of work. ASG does not accept liability in connection with such unverified information,
including errors and omissions in the report which were caused by errors or omissions in that
information.
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