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1

INTRODUCTION

Todoroski Air Sciences has been engaged by the New Zealand (NZ) Environmental Protection Authority
(EPA) on behalf of the Decision-making Committee (DMC) to conduct additional air dispersion
modelling of methyl bromide as a fumigant used for quarantine and pre-shipment purposes to assist
with matters associated with an application for reassessment of the current Hazardous Substances and
New Organisms (HSNO) approval – Application APP203660: modified reassessment of methyl bromide.

1.1 Objectives
This report follows the hearing for the modified reassessment of methyl bromide, with consideration of
the parameters, model choices, and inputs as requested by DMC in the Direction and Minute WGT023
& WGT024 (NZ EPA, 2020b&c), and as agreed to in the Joint statement of experts in the field of air
dispersion modelling (NZ EPA, 2020a), as used in modelling conducted by Sullivan Environmental
Consulting (SEC); Modelling Report for Methyl Bromide Exposures for Timber Fumigation at the Port of
Tauranga, New Zealand (SEC, 2020a), or as reviewed by appropriate expert parties prior to
commencement of dispersion modelling for this report.
The defined objectives of this report as requested by the DMC in the Direction and Minutes WGT023
(NZ EPA, 2020b) is to deliver:
1.

The DMC requests that 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.

2.

The DMC requests that modelling should occur using the parameters, model choices, and inputs
agreed to in the joint statements reporting on the expert conferencing, and used in the June 2020
SEC modelling, unless superseded by other information in this Direction and Minute.

3.

The DMC requests that isopleths be produced illustrating the figures from the modelling to assist
in deriving potential buffer zones for different fumigation scenarios.

4.

The DMC has directed the additional modelling to gain a better understanding of how different
recapture rates, on different percentage of log stacks, at different treatment rates would affect
potential buffer zones.

Todoroski Air Sciences sought clarification from the DMC regarding the request and this was provided
in the Direction and Minutes WGT024 (NZ EPA, 2020c). TAS essentially sought to amend some of the
modelling assumptions, largely to allow the work to be completed in a timely manner. It was also
considered desirable that Atmospheric Science Global (ASG), SEC and the Operator have input to the
modelling, and to review the initial draft, as outlined further below.

20091172_NZ_EPA_DMC_Methylbromide_AirDispersionModelling_201201.docx

2

1.2 Review by expert parties
The modelling parameters and emissions in this assessment have incorporated further information
presented at the hearing for the reassessment of methyl bromide and differ slightly to those agreed
upon in the expert conferencing. As per the Direction and Minute WGT024 (NZ EPA, 2020c), Todoroski
Air Sciences consulted with ASG, SEC and the Operator on the assumptions applied in the dispersion
modelling that differed to the assumptions agreed to in the expert conferencing for confirmation on
these parameters prior to modelling in this report.
As requested by the DMC in the in the Direction and Minute WGT023 & WGT024 (NZ EPA, 2020b&c),
modelling and contents of this report were reviewed by SEC and ASG. (See: “Review Comments on the
Report: Draft Air Dispersion Modeling of Methyl Bromide for Decision-Making Committee Produced by
Todoroski Air Sciences, 2 November 2020” (SEC, 2020b)”, and “Review of TAS Modelling Report for Methyl
Bromide Exposures for Timber Fumigation at the Port of Tauranga, Mount Maunganui Area (TMMA)”
(ASG, 2020)).
The post modelling reviews by SEC and ASG make comment on several assumptions applied in the
dispersion modelling that we previously provided for review prior to the dispersion modelling but were
not challenged or commented on. Both ASG and SEC note that the ships were not modelled at the
correct height. To correct this and to respond to some of the other matters raised by ASG and SEC, this
report presents revised modelling results. Note that not all of the matters raised in the comments in the
ASG and SEC review reports could be responded to in a timely manner, but the key issues that may have
a significant bearing on the results have been addressed. Note that (in general) this led to higher results
than in the draft provided for review.
A summary of each of the key assumptions raised in the review reports are presented in Appendix D
with a response and a note to show where the matter is addressed in this report, as necessary or feasible
in the timeframe.
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APPLICABLE ASSESSMENT CRITERIA

2.1 Preamble
Methyl bromide in its gaseous state is a colourless and highly volatile gas, three time as dense as air. It
is highly toxic at acute exposures and is readily absorbed through the lungs and skin which can lead to
chronic health effects with long term exposure.
Methyl bromide gas can penetrate a variety of substances which allows for its use as a pesticide and
fumigant.

2.2 Tolerable Exposure Limits
Tolerable Exposure Limits (TELs) set out exposure limits for public exposure to methyl bromide in New
Zealand.
The TELs are designed to protect the most sensitive members of the population from adverse effects
from exposure to methyl bromide. These TELs are not to be exceeded outside the minimum buffer zone
established around a fumigation activity.
This assessment has focused on the 1-hour TELair for methyl bromide which is summarised in Table 2-1.
Table 2-1: Methyl bromide 1-hour TELair
Pollutant

Averaging Period

TELair

1 hour

Criteria
ppm
1

µg/m3
3,900

Source: Bay of Plenty Regional Council, 2018
ppm = parts per million, µg/m³ = micrograms per cubic metre
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DISPERSION MODELLING APPROACH

3.1 Meteorological modelling
Meteorological modelling was conducted over three contiguous years spanning 2014 to 2016 using
pre-processed CALMET meteorological data developed by Atmospheric Sciences Global (ASG, 2019) as
agreed in the Joint statement of experts in the field of air dispersion modelling (NZ EPA, 2020a) and as
used in modelling conducted by SEC (2020).

3.2 Dispersion modelling
The CALPUFF 7.3.1 air dispersion model has been used to provide predictions of the ground level
concentrations.

3.3 Modelled sources
The modelled sources consider:
 the ventilation of timber log stacks under sheet enclosures; and,
 the ventilation of ship holds while at berth.
Timber log stacks under sheet enclosures are assumed to have the following dimensions: length of 60
metres (m), width of 6m and a height of 5m. Each timber log stack is modelled as ten individual volume
sources with a length of 6m and width of 6m, to allow for more representative near field modelling
predictions. The modelling considers combinations of up to six timber log stacks separated by 1m
which are ventilated simultaneously at the start of each hour and positioned within a central part of the
fumigation area of the Port of Tauranga.
The one shipping vessel is modelled as having 5 holds with individual dimensions of 22m by 22m with
a depth of 20.1m that is 8m above sea level. This allows for a total volume of 9,728 metres cubed (m3)
per ship. Each ship hold is modelled as an individual volume source.
A summary of the modelled source parameters is presented in Table 3-1.
Table 3-1: Summary of modelled ventilation source parameters
Source
Timber log stack (per log stack)
Shipping vessel
Type
Volume
Volume
Number of sources
10
5
Length (m)
6
22
Width (m)
6
22
Effective height (m)
5
8
Initial lateral dimension, Sig y (m)
2.33
5.12
Initial vertical dimension, Sig z (m)
1.16
9.35

The placement of modelled sources is presented in Figure 3-1.
Note that the log stack sources presented in Figure 3-1 represent six log stacks, where each stack
consists of ten sub-volume sources as specified in Table 3-1.
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It is noted that the modelled sources in this assessment may not represent the full spatial extent of the
operations but provide a representation of potential impacts from individual sources of methyl bromide
at the modelled locations.

Figure 3-1: Placement of modelled sources

3.4 Emission estimation
Deterministic modelling was conducted in this assessment. Modelling assumes that ventilation at the
Port of Tauranga is conducted between 7am and 7pm for the timber log stacks and during any hour for
ships. As such, ventilation for timber log stacks and a ship together were only modelled for any hour
between 7am and 7pm. It is noted that the Operator advises that log and ship ventilation would not
occur concurrently. We have included results for ship ventilation starting at any hour of the day, and for
ventilation starting at 10pm.)
The emissions were modelled at the start of each release hour (between 7am and 7pm for log stacks
and all hours for a ship) by separately modelling these sources in each hour..
Three initial methyl bromide treatment rates of 40g/m3, 72g/m3 and 120g/m3 have been considered
with recapture rates associated with the capture of methyl bromide following the fumigation period of
up to 90% recapture. The recapture of methyl bromide may be applied to 50%, 75% or 100% of timber
log stacks and 100% in ships.
A retention rate of 50% of the original concentration at the start of the ventilation period is assumed to
remain.
20091172_NZ_EPA_DMC_Methylbromide_AirDispersionModelling_201201.docx
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For the timber log stacks, emissions of methyl bromide were modelled over a 3-hour period. During
the first hour, 50% of the original concentrations are released during ventilation assuming 47% of the
applied amount is being released from the headspace and 3% is released from log desorption. For the
remaining two hours, it is assumed that 1% of the original applied amount was released through
desorption from the treated timber stacks.
Emissions of methyl bromide from ship holds were modelled over a 13-hour period and it was assumed
that 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 0.5% released from log desorption. For the remaining 11 hours, 1% of the
initial dose is released from log desorption.
Emissions were spread evenly over each hour of ventilation and desorption and set up in the modelling
with emissions occurring at the start of each hour.
The calculation to estimate the methyl bromide emissions rate for the various initial dose application
and recapture rates is as follows:
Emission rate (g/s) = (Initial Dose (g/m3)) x (100%-Recapture(%)) x (Volume of log stacks under sheet
enclosure or in ship holds (m3)) x (Percentage (%) of recapture applied to log stacks under sheet
enclosure or in ship holds) / 3600 (seconds).
The calculated emission rate (g/s) is then multiplied by the emission profiles stated above.
The emissions profile for a timber log stack and ship with 0% recapture is presented in Figure 3-2 and
Figure 3-3.

Figure 3-2: Emission profile for ventilation and desorption of a log stack with 0% recapture
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Figure 3-3: Emission profile for ventilation and desorption of ship with 0% recapture

3.5 Modelling scenarios
To examine the potential impacts associated with the ventilation of methyl bromide, a range of scenarios
was developed as per the DMC Direction and Minutes WGT023 & WGT024 (NZ EPA, 2020b&c).
The modelling scenarios are set out in Table 3-2 below with the treatment rate, recapture rate, and
fraction of log stacks with recapture detailed for each scenario.
It is noted that any actual ventilation of methyl bromide from timber log stacks under a sheet enclosure
can occur at various locations within the permissible fumigation area at the Port of Tauranga, with a
number of different timber log stack ventilations occurring over a day period and with multiple
ventilations occurring in close proximity.
It is also understood from the Operator, that logs and ships are not ventilated concurrently at the Port
of Tauranga. Thus, the scenarios presented for log stacks and ships combined are a significant
overestimation of ventilation emissions at the Port of Tauranga. However, these scenarios to
demonstrate the impacts of methyl bromide should such an event occur.
For the log only, and for log and ships combined modelling scenarios, each hour between 7am and 7pm
has been assumed to be a potential release hour. For the ship only modelling scenarios, all hours have
been assumed to be a potential release hour (however a 10pm only case is also shown).
Each release hour is modelled independently and there are no residual impacts from the preceding or
following hour to ensure there is no overlap and the potential impact for each release hour can be
assessed individually.

20091172_NZ_EPA_DMC_Methylbromide_AirDispersionModelling_201201.docx
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Table 3-2: Modelling scenarios

Scenario

1
2
3
4
5
6a
6b
7a
7b
8
9
10a
10b
10c
10d
11a
11b
11c
11d
12
13a
13b
13c
14
15

Description

Worst case logs &
ships
Worst case logs only
Worst case ship only
More likely high case
log & ship
More likely high case
log only
More likely high case
ship only
Ship only
Likely future high
case log & ship
Log & ship
Likely future high
case log only
Likely future high
case ship only
Likely future
moderate case log &
ship
Log & ship
Log & ship
Log & ship
Likely future
moderate case log
only
Log only
Log only
Log only
Logs buffer worst
case, 3 log stacks
Logs buffer worst
case, 1 log stack
0% recapture, Logs
buffer worst case, 1
log stack
Logs buffer worst
case, 1 log stack
Ship only buffer low
0% recapture, worst
case logs only

Log stack
treatment
rate
(g/m3)

Ship
treatment
rate
(g/m3)

Log stack
recapture
rate (%)

Ship
recapture
rate (%)

Fraction of
log stacks
recapture is
applied to
(%)

Number
of log
stacks

120

120

30

0

50

6

120
-

120

30
-

0

50
-

6
-

72

72

30

0

50

6

72

-

30

-

50

6

-

72

-

0

-

-

-

72

-

50

-

-

72

72

60

0

50

6

72

72

60

50

50

6

72

-

60

-

50

6

-

72

-

0

-

-

72

72

60

0

75

5

120
72
40

120
72
40

90
90
90

50
50
50

100
100
100

6
6
6

72

-

60

-

75

3

120
72
40

-

90
90
90

-

100
100
100

6
6
6

120

-

30

-

50

3

120

-

30

-

50

1

120

-

0

-

-

1

120

-

30

-

-

1

-

40

-

0

-

-

120

-

0

-

-

6
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DISPERSION MODELLING RESULTS

This section presents the predicted 99.9th percentile methyl bromide ground level concentrations
associated with methyl bromide ventilation. The 99.9th percentile was calculated by taking the 27th
highest (hourly) value over the three-year period.
The results have focused on the relevant 1-hour TEL criterion (3,900µg/m3) to assess the potential
impacts for bystanders. The extent of possible bystander impact for the various treatment and capture
rates and is shown below in Figure 4-1 and Figure 4-2 for Scenario 3 and Scenario 6a, respectively.
Isopleth diagrams for the other scenarios are set out in Appendix A.

Figure 4-1: 99.9th predicted 1-hour average methyl bromide concentration, Scenario 2 (μg/m³) – (red contour line
denotes 3,900µm³)
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Figure 4-2: 99.9th predicted 1-hour average methyl bromide concentration, Scenario 6a (μg/m³) – (red line denotes
3,900µm³ for ventilation starting any hour of the day, pink line denotes the same for 10pm))

The results above and those in Appendix A show that the 99.9th 1-hour average methyl bromide
concentrations exceed the TEL criterion of 3,900µg/m3 at varying distances from the modelled source.
The results in Figure 4-2 Scenario 6a show two isopleth line, the red line is for the 99.9th percentile value
for ventilation commencing in any hour of the day and the pink line is for ventilation starting at 10pm
only. It should be noted that the pink 10pm isopleth will underestimate the likely “actual” 99.9th
percentile value as for a significant portion of any day there will be low or nil emissions. If the pink 10pm
line was to be re-drawn to show the 11th highest value (instead of the 27th highest) the line would come
near to/ touch the redline at some point(s).
The same applies to the results shown in Appendix C, where a pink line as per the above is shown for
ventilation starting in each hour of the day. When considering the isopleths shown in Appendix C, it is
important to note that the maximum impacts for the ship ventilation scenario tend to arise up to ten
hours after the initial ventilation start time. Thus, the values shown for say 12noon are more likely to be
showing the effects that may occur approximately ten hours later at 10pm. This arises because the ship
ventilation emissions slowly increase as each hold is progressively opened, and peak approximatively
ten hours after commencing ventilation.
Analysis of the potential buffer zones necessary to comply with the 1-hour TEL and the wind conditions
which are likely to result in greatest impacts for each scenario are presented in the following sections.
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4.1.1

Buffer distances

The necessary buffer distances required to meet the 1-hour TEL criterion for each scenario are based on
the extent of the modelling predictions and set out below in Table 4-1.
The associated buffer distances are presented on the isopleth diagrams in Appendix B.
Table 4-1: Approximate buffer distances required to meet the 1-hour TEL for each scenario (metres)
Scenario
Description
Approximate buffer distance (m)
1
Worst case logs & ships
900
2
Worst case logs only
375
3
Worst case ship only
1020
4
More likely high case log & ship
600
5
More likely high case log only
275
6a
More likely high case ship only
690
6b
Ship only
370
7a
Likely future high case log & ship
600
7b
Log & ship
320
8
Likely future high case log only
180
9
Likely future high case ship only
660
10a
Likely future moderate case log & ship
600
10b
Log & ship
500
10c
Log & ship
320
10d
Log & ship
200
11a
Likely future moderate case log only
160
11b
Log only
150
11c
Log only
110
11d
Log only
45
12
Logs buffer worst case, 3 log stacks
250
13a
Logs buffer worst case, 1 log stack
125
0% recapture, Logs buffer worst case, 1
13b
175
log stack
13c
Logs buffer worst case, 1 log stack
130
14
Ship only buffer low
400
15
0% recapture, worst case logs only
700

From the approximated buffer distances, it can be seen that for logs only;
 As the treatment rate decreases from 120g/m3 to 72g/m3 or 40g/m3, assuming no difference in
recapture percentage, fraction of logs or the number of log stacks ventilated, a smaller buffer
zone is required, approximately decreasing by the same ratio as the decrease in treatment rate.
 Increasing the recapture percentage and fraction of log stacks recaptured applied will also result
in a decreasing buffer zone.
From the approximated buffer distances, it can be seen that for ships only;
 Similar to the logs, as the treatment rate decreases from 120g/m 3 to 72g/m3 or 40g/m3
assuming no difference in recapture percentage, fraction of logs or the number of log stacks
ventilated, a smaller buffer zone is required, approximately decreasing by the same ratio as the
decrease in treatment rate.
 Increasing the recapture percentage will assist in significantly decreasing the buffer zone.
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From the approximated buffer distances it can be seen that for log and ships combined, a similar effect
occurs with decreasing the required buffer zone by decreasing the treatment rate and increasing the
recapture percentage and fraction of log stacks that recapture is applied to.
4.1.2

Analysis of wind conditions

The analysis below has considered potential impacts from the ventilation of timber log stacks for three
years at the most impacted location within a 1km, 500m, 250m or 100m distance depending on the
scenario. For example, Scenario 1, which suggests a 900m buffer zone is required, has considered the
most impacted receptor within an 1km distance. Scenario 6b which suggests a 350m buffer zone is
required, has considered the most impacted receptor within a 250m distance.
Note that for log only and log and ship combined scenarios the analysis has considered potential
impacts from ventilation of methyl bromide between 7am and 7pm.
Ship only scenarios have considered potential impacts from ventilation methyl bromide from any hour
of the day (and for 10pm only). See
The wind conditions were analysed from the CALMET generated meteorological data extracted from a
centralised point within the Port of Tauranga.
Figure 4-3 presents the annual and seasonal windroses from the CALMET generated data over the
modelling period (2014-2016). The percent occurrence of wind speed and direction is presented in
Figure 4-4.
The windroses in Figure 4-3 and the percent of occurrence in Figure 4-4 show that on an annual basis
winds occur predominantly in a range from the southeast to the west (clockwise). Wind speeds between
2 and 7 metres per second (m/s) occur most frequently at these wind directions.
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Figure 4-3: Annual and seasonal windroses from CALMET (2014-2016)
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Figure 4-4: Percent occurrence of wind conditions – 2014 to 2016

As shown in Figure 4-5 risk matrix was developed for Scenario 2 and shows the maximum (100th
percentile) predicted level at an approximate assigned distance on the modelling grid per the different
wind speed conditions modelled. The risk matrix uses red shading to identify the wind conditions which
may result in an impact above the 1-hour TEL criterion.
Please note that the risk matrix is approximate only and is simply used to illustrate that the weather
conditions during ventilation are a key factor affecting the degree of potential impact.

Wind Direction
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW

>0
586
1026
2136
3983
5817
1249
3761
6020
5615
7508
1974
7269
7284
573
2894
704

Scenario 2 – Maximum 1-hour average methyl bromide concentrations
Wind Speed (m/s)
>1
>2
>3
>4
>5
>6
>7
5478
2241
1272
690
560
414
338
5811
2707
1101
615
418
342
304
4259
1998
1258
1006
651
552
292
5554
2957
1716
1156
860
432
340
5023
2604
1955
1064
582
480
302
3278
2755
1843
1268
798
443
294
3889
1907
1074
1028
795
471
280
4062
2953
1326
1138
679
430
226
7021
2635
978
558
407
287
236
7039
2356
1106
517
391
307
273
4518
2141
807
572
355
249
197
6016
2820
1175
596
443
342
310
5668
3126
1436
950
517
466
588
6120
2387
1498
1276
708
415
489
4371
1674
1339
691
1012
422
362
7548
2445
862
851
602
527
473

>8
288
258
243
240
1367
826
200
172
133
231
170
238
293
280
382
448

>9
212
203
189
1747
2177
1381
148
7
114
130
154
219
399
255
226
276

>10
209
182
1401
2608
2342
2427
98
5
0
0
148
173
212
200
175
280

Figure 4-5: Risk Matrix – Maximum 99.9th 1-hour average methyl bromide concentrations – Scenario 2, 500m distance

The risk matrix indicates that ventilation events occurring during low wind speeds (<2m/s) are more
likely to result in greater impacts for log stack fumigation, which is modelled between 7 am and 7 pm.
Noting that the actual wind direction can be hard to determine when wind speeds are very low, the risk
matrix indicate that a higher degree of caution should be applied for log stack ventilation when
windspeeds in any direction are below 2m/s. For example, a large ventilation event where there are
receptors nearby or in a generally downwind location could be delayed until wind speeds increase or
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there is a change direction (say if the forecast indicates this is likely to arise soon). Alternatively, the
fumigant application in the first instance could be timed so that the ventilation event will be due under
favourable weather conditions (if there are reliable, detailed forecasts available for this).
Such risk matrices for ship ventilation (not presented) would be more complex to evaluate, given that
the proposed regime for ship ventilation releases significant emissions for approximately ten hours and
the highest emissions arise approximately ten hours after starting the ventilation. There can a large
range of weather conditions over this period, and such risk matrices would tend to reflect the weather
conditions approximately ten hours after the start of ventilation (i.e. during the hour with the highest
emissions for ship ventilation).
Nevertheless, to illustrative purposes only, the wind conditions which result in the greatest impacts are
set out below in Table 4 2 for each scenario at the approximate most impacted distance assessed (either
100m, 250m, 500m or 1km). As per the matrix above, this table is approximate only, and is simply used
to illustrate that the weather conditions during ventilation are a key factor affecting the degree of
potential impact.
Table 4-2: Summary of wind conditions that result in the greatest impacts for each scenario at most impacted distance
Approx.
Scenario
Description
assessed
Wind conditions
distance(m)
Worst case logs &
Most wind directions at wind speeds <2m/s
1
1000
ships
Wind directions from the ESE at wind speeds >3m/s and <6m/s
Worst case logs
2
500
Most wind directions at wind speeds <2m/s
only
Worst case ship
Most wind directions at wind speeds <2m/s
3
1000
only
Wind directions from the E to ESE at wind speeds >3m/s and <6m/s
More likely high
All wind directions at wind speeds <2m/s
4
500
case log & ship
Wind directions from the NNE to SE at wind speeds >2m/s and <8m/s
More likely high
Most wind directions at wind speeds <3m/s
5
250
case log only
Wind directions from the WNW to NW at wind speeds >3m/s and <4m/s
More likely high
Most wind directions at wind speeds <2m/s
6a
500
case ship only
Wind directions from the NNE to SSE at wind speeds >2m/s
Most wind directions at wind speeds <2m/s
6b
Ship only
250
Wind directions from the NNE to SSE at wind speeds >2m/s
Likely future high
Most wind directions at wind speeds <2m/s
7a
500
case log & ship
Wind directions from the NNE to SE at wind speeds >2m/s and <8m/s
Most wind directions at wind speeds <2m/s
7b
Log & ship
250
Wind directions from the NNE to SSE at wind speeds >2m/s
Likely future high
8
250
Most wind directions at wind speeds <2m/s
case log only
Likely future high
Most wind directions at wind speeds <2m/s
9
500
case ship only
Wind directions from the NNE to SE at wind speeds >2m/s and <8m/s
Likely future
Most wind directions at wind speeds <2m/s
10a
moderate case log
500
Wind directions from the NNE to SE at wind speeds >2m/s and <8m/s
& ship
Most wind directions at wind speeds <2m/s
10b
Log & ship
500
Wind directions from the NE to SE at wind speeds >2m/s and <8m/s
Most wind directions at wind speeds <2m/s
10c
Log & ship
250
Wind directions from the NNE to SSE at wind speeds >2m/s
Most wind directions at wind speeds <2m/s
10d
Log & ship
250
Wind directions from the NNE to SE at wind speeds >2m/s and <8m/s
Likely future
Most wind directions at wind speeds <3m/s
11a
moderate case log
100
Wind directions from the ENE to ESE at wind speeds >9m/s
only
11b
Log only
100
Most wind directions at wind speeds <3m/s
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11c

Log only

100

11d

Log only
Logs buffer worst
case, 3 log stacks
Logs buffer worst
case, 1 log stack
0% recapture,
Logs buffer worst
case, 1 log stack
Logs buffer worst
case, 1 log stack
Ship only buffer
low
0% recapture,
worst case logs
only

100

12
13a
13b
13c
14
15

250
100
250
100
500
500

Most wind directions at wind speeds <2m/s
Wind directions from the SSE to S at wind speeds >2m/s and <3m/s
Wind directions from the NE to SSW at wind speeds <2m/s
Most wind directions at wind speeds <2m/s
Wind directions from the WSW to NNW at wind speeds >2m/s and <4m/s
Most wind directions at wind speeds <2m/s
Wind directions from the NNE at wind speeds >2m/s and <3m/s
Most wind directions at wind speeds <2m/s
Wind directions from the W to NNW at wind speeds >2m/s and <4m/s
Most wind directions at wind speeds <3m/s
Wind directions from the ENE to ESE at wind speeds >8m/s
Wind directions from the N, SSE, SSW and NNW at wind speeds <1m/s
Wind directions from the ENE to ESE at wind speeds <6m/s
Most wind directions at wind speeds <3m/s
Wind directions from the ENE to ESE and W to WNW at wind speeds >2m/s and <4m/s
Wind directions from the NE to ESE at wind speeds >8m/s

Overall this analysis indicates that the required buffer distance is significantly affected by the wind
conditions, and whilst the matrix and tables above are only approximate, they nevertheless show that
there may be value in the Operator evaluating (i.e. with more precision than is possible in this report)
whether ventilation activities can be adjusted according to the weather conditions in order to minimise
impacts.
Please note that whilst the general findings of this assessment would reasonably apply at other ports,
the risk matrix shown is and is specific to Tauranga for one scenario only and is unlikely to be directly
applicable at other Ports.
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5

DISCUSSION AND CONCLUSIONS

This report has assessed the potential methyl bromide ground level concentrations associated with
fumigation activity at the Port of Tauranga.
Air dispersion modelling with the CALPUFF model was used to predict the potential for air quality
impacts.
The proposed model settings and also the draft report and modelling files for this assessment were
reviewed by ASG and SEC. Some of the errors identified in the draft work are corrected in this report,
and adjustments were also made to respond to the reviewer comments. Time did not permit a full and
detailed revision, however the results presented are considered suitably reliable and consistent with the
available information and experts’ inputs. A summary of the issues identified by the expert reviewers,
and where these are addressed in this report is set out in the appendices.
A deterministic modelling approach was applied to fixed source locations in this modelling assessment.
This means that the log stacks and ships were assumed to emit emissions in any hour (during the
nominated periods modelled). The modelling will thus show the effect of such emissions during all
weather conditions (in the modelled periods), including the periods with the least dispersing weather
conditions (i.e. the worst-case weather conditions). The 99.9th percentile results are presented, meaning
that the highest 0.1% of the predicted impacts are removed. It is noted that for activities that are
infrequent, such as ship ventilation, there is less likelihood that the emissions will coincide with the
worst-case weather conditions, but for more frequent activities there will be more likelihood that the
emissions can occur under such weather conditions.
For this reason, these results should be considered as maximum potential results, and are suitable to
examining the maximum extent of any impact. The results of the SEC modelling (based on probabilistic
or statistical modelling approaches) should also be considered in parallel with these results. In our
opinion, the SEC modelling results tend to show what may arise typically or on average, whereas the
results in this report tend to show the maximum impact that may potentially arise.
The air dispersion modelling in this report considered three initial treatment rates; 40, 72, and 120g/m3,
with recapture rates up to 90% and recapture of methyl bromide may be applied to 50%, 75% and 100%
of timber log stacks and 100% of timber in ships. The modelling considers the potential for ventilation
to occur over three years (2014-2016), in any hour between 7am and 7pm for log stack ventilation and
for log and ship ventilation combined, and for ship ventilation only in any hour of the day (and at 10pm
also)
Methyl bromide concentration contour plots showing the 99.9th spatial extent of impact are shown with
approximate buffer distances required to meet the 1-hour TEL for each scenario. The results in the
contour plots 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 three years modelled has
potential to exceed the TEL limit of 3,900µg/m3 at some distance from the modelled source.
A wind risk matrix is analysed and indicates that low wind speeds (<2m/s) are more likely to result in
the greatest impacts and that the buffer distance is significantly affected by the wind conditions. Whilst
the risk matrices in this report are only approximate, they nevertheless show that there may be value in
the Operator examining whether its activities can be adjusted under certain more adverse weather
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conditions to minimise potential impacts. (Please note that whilst the general findings of this assessment
would reasonably apply at other ports, the risk matrix is specific to Tauranga, and is unlikely to be
directly applicable at other ports).
Overall, the following five key factors were found to have a significant bearing on the potential for
compliance with TEL criteria:
 the number of timber log stacks (or ship holds) ventilated per hour;
 the initial dose;
 the capture rate (or final concentration);
 wind conditions; and,
 distance to the nearest receptor location.
For ventilation of timber log stacks on the dock; with careful attention to these five key factors the
results indicate that it is possible to ventilate log stacks on the dock without excessive risk of impacts
on workers or bystanders.
The brief analysis presented indicates that there may be scope for potentially significant reductions in
impact if ventilation activities can be adjusted under certain more adverse weather conditions. Other
technical or planning options may also be available to alleviate or minimise the potential risk of impacts.
The results indicate that with attention to the key factors that affect the potential impacts the activity
can achieve compliance with the TEL criteria, but the results also show that impact can arise, for example
is if due care is not taken.
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Figure A-1: 99.9th predicted 1-hour average methyl bromide concentration, Scenario 1 (μg/m³) – (red contour line
denotes 3,900µm³)

Figure A-2: 99.9th predicted 1-hour average methyl bromide concentration, Scenario 2 (μg/m³) – (red contour line
denotes 3,900µm³)
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Figure A-3: 99.9th predicted 1-hour average methyl bromide concentration, Scenario 3 (μg/m³) – (red contour line
denotes 3,900µm³)

Figure A-4: 99.9th predicted 1-hour average methyl bromide concentration, Scenario 4 (μg/m³) – (red contour line
denotes 3,900µm³)
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Figure A-5: 99.9th predicted 1-hour average methyl bromide concentration, Scenario 5 (μg/m³) – (red contour line
denotes 3,900µm³)

Figure A-6: 99.9th predicted 1-hour average methyl bromide concentration, Scenario 6a (μg/m³) – (red contour line
denotes 3,900µm³)
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Figure A-7: 99.9th predicted 1-hour average methyl bromide concentration, Scenario 6b (μg/m³) – (red contour line
denotes 3,900µm³)

Figure A-8: 99.9th predicted 1-hour average methyl bromide concentration, Scenario 7a (μg/m³) – (red contour line
denotes 3,900µm³)
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Figure A-9: 99.9th predicted 1-hour average methyl bromide concentration, Scenario 7b (μg/m³) – (red contour line
denotes 3,900µm³)

Figure A-10: 99.9th predicted 1-hour average methyl bromide concentration, Scenario 8 (μg/m³) – (red contour line
denotes 3,900µm³)
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Figure A-11: 99.9th predicted 1-hour average methyl bromide concentration, Scenario 9 (μg/m³) – (red contour line
denotes 3,900µm³)

Figure A-12: 99.9th predicted 1-hour average methyl bromide concentration, Scenario 10a (μg/m³) – (red contour line
denotes 3,900µm³)
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Figure A-13: 99.9th predicted 1-hour average methyl bromide concentration, Scenario 10b (μg/m³) – (red contour line
denotes 3,900µm³)

Figure A-14: 99.9th predicted 1-hour average methyl bromide concentration, Scenario 10c (μg/m³) – (red contour line
denotes 3,900µm³)
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Figure A-15: 99.9th predicted 1-hour average methyl bromide concentration, Scenario 10d (μg/m³) – (red contour line
denotes 3,900µm³)

Figure A-16: 99.9th predicted 1-hour average methyl bromide concentration, Scenario 11a (μg/m³) – (red contour line
denotes 3,900µm³)
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Figure A-17: 99.9th predicted 1-hour average methyl bromide concentration, Scenario 11b (μg/m³) – (red contour line
denotes 3,900µm³)

Figure A-18: 99.9th predicted 1-hour average methyl bromide concentration, Scenario 11c (μg/m³) – (red contour line
denotes 3,900µm³)
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Figure A-19: 99.9th predicted 1-hour average methyl bromide concentration, Scenario 11d (μg/m³) – (red contour line
denotes 3,900µm³)

Figure A-20: 99.9th predicted 1-hour average methyl bromide concentration, Scenario 12 (μg/m³) – (red contour line
denotes 3,900µm³)
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Figure A-21: 99.9th predicted 1-hour average methyl bromide concentration, Scenario 13a (μg/m³) – (red contour line
denotes 3,900µm³)

Figure A-22: 99.9th predicted 1-hour average methyl bromide concentration, Scenario 13b (μg/m³) – (red contour line
denotes 3,900µm³)
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Figure A-23: 99.9th predicted 1-hour average methyl bromide concentration, Scenario 13c (μg/m³) – (red contour line
denotes 3,900µm³)

Figure A-24: 99.9th predicted 1-hour average methyl bromide concentration, Scenario 14 (μg/m³) – (red contour line
denotes 3,900µm³)
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Figure A-25: 99.9th predicted 1-hour average methyl bromide concentration, Scenario 15 (μg/m³) – (red contour line
denotes 3,900µm³
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Figure B-1: Buffer distance for Scenario 1

Figure B-2: Buffer distance for Scenario 2
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Figure B-3: Buffer distance for Scenario 3

Figure B-4: Buffer distance for Scenario 4
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Figure B-5: Buffer distance for Scenario 5

Figure B-6: Buffer distance for Scenario 6a
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Figure B-7: Buffer distance for Scenario 6b

Figure B-8: Buffer distance for Scenario 7a
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Figure B-9: Buffer distance for Scenario 7b

Figure B-10: Buffer distance for Scenario 8
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Figure B-11: Buffer distance for Scenario 9

Figure B-12: Buffer distance for Scenario 10a
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Figure B-13: Buffer distance for Scenario 10b

Figure B-14: Buffer distance for Scenario 10c

20091172_NZ_EPA_DMC_Methylbromide_AirDispersionModelling_201201.docx

B-8

Figure B-15: Buffer distance for Scenario 10d

Figure B-16: Buffer distance for Scenario 11a
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Figure B-17: Buffer distance for Scenario 11b

Figure B-18: Buffer distance for Scenario 11c
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Figure B-19: Buffer distance for Scenario 11d

Figure B-20: Buffer distance for Scenario 12
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Figure B-21: Buffer distance for Scenario 13a

Figure B-22: Buffer distance for Scenario 13b
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Figure B-23: Buffer distance for Scenario 13c

Figure B-24: Buffer distance for Scenario 14
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Figure B-25: Buffer distance for Scenario 15
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Appendix C: Diurnal ship ventilation isopleths
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Appendix D: SEC and ASG Review of Modelling
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As requested by the DMC in the in the Direction and Minute WGT023 & WGT024 (NZ EPA, 2020b&c),
the draft modelling files and the draft of this report were reviewed by SEC in Review Comments on the
Report: Draft Air Dispersion Modeling of Methyl Bromide for Decision-Making Committee Produced by
Todoroski Air Sciences, 2 November 2020 (SEC, 2020b), and by ASG in Review of TAS Modelling Report
for Methyl Bromide Exposures for Timber Fumigation at the Port of Tauranga, Mount Maunganui Area
(TMMA) (ASG, 2020).
Table D-1 below summarises key issues raised in the reviews followed by a response and where they
have been addressed in the report where relevant.
A number of relatively obvious and generally inconsequential issues raised in the reviews are not directly
addressed for the sake of simplicity, (for example where percentiles need to be divided by 100 etc., or
the number of residual desorption hours modelled for ships (21%+18%+11x1% = 50%).
Table D-1: Summary of ASG and SEC review of modelling
ASG Comments

TAS Response
Direction 10 b of WGT023 states “TAS are to undertake the
deterministic air dispersion modelling. “
On this basis, modelling was to be conducted assuming every hour
as a potential release hour. Upon consultation with Port operators it
was noted that at the Port of Tauranga operations are restricted to
operating hours between 7am to 7pm so this was when
deterministic modelling was restricted to for log stacks only.

Section 2.2 Emissions
Comment: Ship holds were to be modelled at
night-time only, starting at 10pm.

It is noted that in the Joint expert conference modelling ships was
specified starting release at 10pm only. Whilst it is noted that nighttime may be the preferred time for ventilation of ship holds,
Operators noted that this may not be possible depending on their
schedule. A deterministic approach has been used to assess any
individual ship ventilation starting hour.
The results for ship ventilation, staring in any hour are presented in
this report. The results are presented separately (for each starting
hour) as it allows one to select which period is of interest. See
Section 4 and Appendix C.

Section 2.2.1 Emissions - Log piles
Comment: ASG would have liked to have seen a
scenario when zero recapture on any of the log
piles occurs.

An additional scenario with zero recapture on log piles has been
included.
An additional scenario with zero recapture on log piles has been
included.

Section 2.3 Modelling Scenarios
Comment: No cases of zero recapture on all 1 or
6 log piles. ASG have requested additional
scenarios with zero recapture and notes some
scenarios seem unrealistic.

ASG in their review notes that "all the experts have different
opinions in determining the ‘best’ and ‘preferred’ model scenarios.
The scenarios listed in TAS table cover a wide range of high, most
likely high, moderate, and most likely. Therefore, they are sufficient
for this reanalysis.”
All scenarios modelled were as specified by the DMC in their
direction WGT024 and these scenarios have been assessed. It is
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noted that the Operator advised TAS that there would not be any
concurrent log and ship ventilation.
TAS had proposed to the DMC several input parameters that
differed slightly to those agreed in the expert conferencing, in
essence these incorporated further information that became
available during the hearing.
Section 2.4.1 Source characterisation – Log piles
Comment: The choice of parameters used by
TAS [for sigma y and sigma z] underpredict the
concentration from the source out to
approximately 130m by anywhere between 8%
at 120m and 26% at 20m…
TAS values have underestimated the
concentrations in the very near field, but
beyond > 130m the concentrations using the
TAS options are slightly higher by approximately
8% out to 2km downwind. Note, there is no
exactly correct method for the choice of sigma y
and sigma z.

Section 2.4.2 Source characterisation – Ship
holds
Comment: Effective height of ship holds and
vertical dilution parameters (sigma z)… results
from ship holds are likely underestimated in the
near field under some of the most frequent
meteorological conditions to occur at the Port.

Section 2.6 CALPUFF Model Control File
Comment: Maximum number of puffs released
from one source during one-time step, and the
maximum number of sampling steps for one
puff during one-time step set (set at 60 rather
than 99).

SEC Comments

As per Direction 6, 9 & 10 of WGT024, TAS were asked to consult
with ASG, SEC and the Operator on the assumptions and model
parameters to be used in the modelling for confirmation.
It is noted by ASG and TAS that there are various, non-prescriptive
approaches in this regard. TAS has attempted to follow general good
practice and to be relatively consistent with the other experts’
views.
Due to insufficient time, the potential underprediction issue raised
by ASG could not be tested for the logs. However, it may be
reasonable to note that ASG’s analysis shows up to 8% variation for
these parameters at distances of approx. 80m or further away,
which is not very large in the context of the other uncertainties and
assumptions inherent in the modelling.
Unfortunately, the ships were not modelled at the correct height in
the draft report, as ASG and SEC have pointed out. Ships have been
remodelled in this report at the correct height and to reflect the
ASG and SEC comments on effective height and sigma z. This
resulted in generally higher predicted impacts.
A sigma z of 9.35m has been selected in the remodelling
(20.1/2.15=9.35).
Noted. This was done to permit the modelling to be completed in
the available time. TAS does not believe that it would result in any
significant error or bias in the results.
It is noted that ASG found no difference in predicted concentrations
from the source to 2 km downwind during one year of simple
meteorological data. ASG also notes “these effects are more likely to
affect the peak concentrations and are unlikely to affect the 99.9th
percentile results of the report”.
TAS Response
Direction 10 b of WGT023 states “TAS are to undertake the
deterministic air dispersion modelling. “

Executive Summary – Time of Day
Comment: Per the DMC directive, log stacks
should have been vented between 7:00 AM and
7:00 PM and ships should have been vented
starting at 10:00 PM onward (i.e. night-time
only for ships)

It is noted that at the Port of Tauranga operations are restricted to
operating hours between 7am to 7pm so this was when
deterministic modelling was restricted for log stacks on the dock.
It is noted that in the Joint expert conference the modelling for ships
was specified starting ventilation release at 10pm only. Whilst it is
noted that night-time may be the preferred time for ventilation of
ship holds Operators noted that this may not be possible depending
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on the ship schedule. A deterministic approach has been used to
assess any hour for ship ventilation.

Section 2.0 Emission treatments
Comment: It is noted that the TAS emission rate
of 2.1 g/sec was based on 0% capture efficiency
rather than 30% capture efficiency. In addition,
the last emission rate carries the error and
creates a larger emission rate than the
uncontrolled emission rate for Scenario #15

Section 3 Source Characteristics for Log Stacks
and Ships
Comment: TAS used source characteristics in
the modeling files that were inconsistent with
the Signed Joint Statement of January 30th,
2020 and standard modeling practice.

The results for ship ventilation, staring in any hour are presented
separately in this report. The results are presented separately (for
each starting hour) as it allows one to select which period is of
interest.
Emissions rates for log stacks and ships were calculated as per the
equation in Section 3.4.
No issues were noted regarding the calculation of emissions rates
per the equation in Section 3.4.
The SEC comments in this regard may not be correct.
TAS proposed to the DMC several input parameters that differed
slightly to those agreed in the expert conferencing incorporating
further information that became available during the hearing.
As per Direction 6, 9 & 10 of WGT024, TAS were asked to consult
with ASG, SEC and the Operator on the assumptions and model
parameters to be used in the modelling that differed to the expert
conferencing for confirmation. SEC did not provide any comment in
this regard at the time of consultation.
Unfortunately, the ships were not modelled at the correct height in
the draft report, as both ASG and SEC have noted. Ships have been
remodelled at the correct height and to reflect the ASG and SEC
comments on effective height and sigma z.
A sigma z of 9.35m has been selected in the remodelling
(20.1/2.15=9.35).
Due to time constraints remodelling of the log stacks was not
conducted in this report.
TAS proposed to the DMC several slightly different input parameters
relative to those agreed in the expert conferencing incorporating
further information that became available during the hearing.

Section 4 Modeling Files and File Processing
(TAS) did not provide the required 20 m spacing
along the port boundary as specified in the Joint
Signed Statement.

As per Direction 6, 9 & 10 of WGT024, The DMC sought that TAS
consult with ASG, SEC and the Operator on the assumptions and
model parameters to be used in the modelling (i.e. that differed to
the expert conferencing for confirmation).
SEC did not provide any comment at the time of consultation
regarding the proposed spacing to be used.
The spacing used is considered adequate for the purpose of the
modelling.

Section 4 Modeling Files and File Processing
Comment: Unclear how the 99.9th percentile
were computed. Final report should have
sufficient documentation of how the final
results were processed.

The 99.9th percentile was calculated by taking the 27th highest value
over the three-year period.
Isolines on the contour maps have been labelled/ coloured to assist.
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All isolines on the contour maps should be
labelled or colour coded so the concentrations
can be determined.
SEC is incorrect in this regard.
The modelling includes 24 separate hourly species.
Section 4 Modeling Files and File Processing
Comment: The 9th highest concentration for
other four modelled scenarios were incorrectly
based on assuming venting occurred on all
hours of the day.

Section 5 Review Relative to Measured Data
Comment: “Use monitoring data to inform
performance of model, is needed for far-field
analysis.”
Per the signed joint statement such review
should be performed by TAS to ensure the
modelling is sufficiently realistic to support
regulatory decisions.

Various sections – comments referring to files
not provided by TAS.

For logs, all modelled hours except between 7am to 7pm were
processed with a zero emission rate.
This approach was taken as it allows for responsive post processing
of the modelling predictions that caters for any time of the day that
may be desired and does not introduce any error or biasing effect in
the modelling results.
This was an aspect of the joint expert report that was required but
was not done by SEC and is not a requirement for the Modelling in
this report.
The additional modelling that TAS was requested to do by the DMC
in the Direction and Minute WGT023 & WGT024 is a subset of that
which was set out in the in the Joint report. Th additional modelling
conducted by TAS is as requested by DMC, including amendments
made to reflect new information available during the hearing. The
modelling and settings applied were as determined after
consultation with ASG, SEC and the Operator. (It is noted that an
error in the source height in the draft report has been corrected in
this report along with several other matters raised by SEC and ASG).
As an aside, but relevant to this issue, it is noted that the modelling
for Ships in this report would significantly underestimate the likely
actual ship emissions that have occurred historically. This is because
the historical records reviewed by TAS show that the emissions from
all five ship holds were historically released in a short period
(minutes) rather than 2 hours apart as has been modelled. Thus, to
TAS’s knowledge at present, there is no known historical data for
this situation with which to make any such performance evaluation.
It may also be relevant to note that for the similar pre-hearing TAS
modelling, which modelled for ships ventilating over several hours
(vs. likely minutes in reality) the results did align well with the (very)
limited available monitoring data for a modelled emissions rate of
120g/m3 (vs. likely 72 g/m3 in reality).
SEC requested only limited, specific modelling files, and these
requested files were provided.

