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I support the application
I oppose the application
I neither support or oppose the application
1

The reasons for making my submission are : (further information can be appended to your submission, see
footnote).
1. In general terms the Bay of Plenty Regional Council (Council) are concerned that the STIMBR application for
reassessment downplays the potential exposure to Port workers and to the public from fumigation of methyl bromide. Council
has considerable experience in monitoring this activity and in this submission draws on what it has learnt over the last 10
years.
2. While Council supports a revised definition of recapture, this must be expressed as a final concentration of methyl bromide
(MB) rather than a percentage reduction, so that compliance with the definition can be readily determined by all parties. It is
the final concentration of gas released from the enclosed fumigated spaces that is more relevant to the exposure risk to
individuals, rather than a percentage reduction.
3. Ventilation of ship fumigation, due to the large volumes of MB (in some cases over 5 tonnes per ship) released over a
relatively short time period, represents one of the largest fumigation risks to Port workers and the community. Therefore a 10
year deferral (until October 2030), as is sought for the recapture from fumigated ships, is not appropriate.
4. The Sullivan Environmental Consulting air dispersion modelling report is provided as appendix 7A and 7B of the
application. An independent review of that report was performed by Dr Jennifer Barclay of Atmospheric Science Global in
August 2019 (Refer to Council Appendix B). Barclay's review has raised some questions and concerns about the Sullivan
modelling. Actual boundary monitoring data also suggests that the Sullivan modelling report may under-predict the MB
concentrations that can occur in practice.

All submissions are taken into account by the decision makers. In addition, please indicate whether or not you also
wish to speak at a hearing if one is held.
I wish to be heard in support of my submission (this means that you can speak at the hearing)
I do not wish to be heard in support of my submission (this means that you cannot speak at the hearing)
If neither box is ticked, it will be assumed you do not wish to appear at a hearing.

1

Further information can be appended to your submission, if you are sending this submission electronically and attaching a file we accept the
following formats – Microsoft Word, Text, PDF, ZIP, JPEG and JPG. The file must be not more than 8Mb.
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I wish for the EPA to make the following decision:
The first three of the following points relate specifically to the proposed changes to recapture controls sought by the applicant
as listed on page 10 of the application document.
1. Recapture in relation to MB needs to be defined in terms of reducing the amount of methyl bromide under sheets,
immediately prior to release as a concentration and not merely a percentage reduction. We propose the following definition:
"Recapture of methyl bromide involves applying a process to an enclosed fumigated space (such as under a covered log
stack, or in a ship's hold) to reduce fumigant levels such that the residual concentration of methyl bromide in the enclosed
space prior to release is no greater than 'x' ppm."
In recent trial information provided by Genera for recapture from under sheets, the best scenario still resulted in 12.8 g/m3
(approximately 3000 ppm) MB released at the end of recapture.
In the definition of recapture proposed above, the final concentration required could be set at different levels depending on
the product, and whether the recapture is from containers, under sheets, or in ship holds. A percentage reduction is not
suitable due to the difficulty in assessing this, the variability in initial concentrations, the different rates of absorbtion /
adsorbtion, and the resulting variability in the final MB concentration released.

2.
a) Council supports the first part of STIMBR's proposed changes (item 2, page 10), that the (current) deadline of October
2020 for recapture be limited to on-port and container fumigations only, however we do not support recapture only being
introduced for ship fumigation 20 years after the date of the original approval (October 2010 plus 20 years = October 2030).
b) Recapture from all ship fumigations should be required from no later than October 2022, even if the recapture efficiency
achieved is not as great as when recapturing from under sheets.
c) The quantity of methyl bromide used for ship in-hold fumigation must be capped at the 2018/2019 level to prevent large
increases as a consequence of the potentially more relaxed recapture requirements for ship fumigation, compared to on port /
on land fumigation where recapture will be applied to all fumigated products from October 2020.

3. Clause 6(5) in Table C.2 of the 2010 Decision (and paraphrased in s16.6.17), states that "The requirement to comply with
buffer zone distances required by clause 6(1) does not apply to a fumigation where recapture technology is used." At the
time this was written, and as seen inTable C4 of the 2010 Decision document, the authors had envisaged that recapture
technology would reduce the concentration of MB released to atmosphere to 5ppm, a level determined to be 'safely'
breathable for up to 8 hours. We now know that even when recapture is applied diligently to log fumigation under sheets, the
best case scenario still releases MB concentrations of approximately 3000 ppm. Significantly higher concentrations of MB
than even this may be released in the following situations:
a) when the recapture unit runs for a reduced time;
b) when there is a higher starting concentration of MB
c) when the recapture 'liquor' is no longer fresh;
d) when a tarpaulin inadvertently blows off in high winds;
e) when the recirculating pipework allows for 'short circuiting';
f) when there is an equipment malfunction.
In addition to the 3000ppm (or higher) of MB released immediately after recapture, logs and timber gradually release (through
de-sorption) a quantity of MB several times greater than this
For all the above reasons we believe that there should be no reduction in the required buffer distances, when recapture is
applied to a fumigation event.
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4. Following on from STIMBR's original three proposed changes, in the original 2010 ERMA Decision document there were a
number of controls reduced or deemed unncessary when recapture is used. As stated earlier that was in the context of
recapture reducing MB levels to 5ppm and we now know that this level is not being achieved.
In addition to the buffer distances previously discussed above, other controls removed or reduced in the 2010 Decision when
using recapture include:
a) the requirement to carry out air quality monitoring (16.7.15)
b) the requirement to produce an annual report outlining air quality monitoring (16.8.3). This annual report includes various
items as described in 16.8.4, and include the total amount of MB applied at the site and the annual exposure level.
c) the requirement to notify occupants of properties, and moored boats, within 25m / 100m of fumigation (16.9.3)
All of these controls must be re-written and reinstated to reflect the reality that even with recapture, there is still a significant
quantity of MB released into the atmosphere.

Supporting information, and additional points, are included within Council Appendix A, as attached. We also attach and
submit as Appendix B a review of the Sullivan modelling assessment performed by Jenny Barclay of Atmospheric Science
Global, which concludes that the Sullivan modelling may be significantly underestimating the likely concentrations of MB.

July 2016 EPA0190
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Bay of Plenty Regional Council – Submission on Methyl Bromide Reassessment

APP203660

Council’s submission relates primarily to the following documents provided on EPA website;




STIMBR’s Application for Reassessment Form,
Appendix 6 - Genera’s Report comparing TVOCs and MB (2018),
Appendix 7a and 7b - The Sullivan air dispersion modelling report.

Definition of Recapture
Recapture in relation to MB needs to be redefined in terms of reducing the amount of MB in an enclosed fumigated
space to a specific concentration, and not merely a percentage reduction.
We propose the following definition:
"Recapture of methyl bromide involves applying a process to an enclosed fumigated space (such as under a covered
log stack, or in a ship's hold) to reduce fumigant levels such that the residual concentration of methyl bromide in the
enclosed space prior to release is no greater than ‘x’ ppm.”
Without a MB concentration specified in the definition of recapture, it will be very difficult to determine, and to
enforce, compliance with a percentage recapture value. Variables such as the quantity of MB introduced at the
start, the volume of the enclosed space, the initial MB concentration, and the degree of absorbtion / adsorbtion will
all influence the final MB concentration released, if based solely on a percentage reduction. Specifying a
concentration of MB required at the end of the recapture process would make confirming compliance simpler for
both the consent holder and the regulator.
The concentration ‘x’ could also be set at differing levels, depending on whether the recapture is from containers,
under sheets or from ship holds.
Recapture efficiency should be required to continue to improve over time using a series of milestones and
progressive reduction in the value of ‘x’. Without a series of milestones and dates by which they must be achieved,
there is no incentive for fumigators to perform above the minimum requirement until the next review. Council’s
experience has shown that clearly established milestones drive innovation. Council also suggests the EPA set a date
5 years hence when a review will automatically be initiated by the legislator.
Recapture from fumigated ship holds
Council agrees that there needs to be some specific provision for ship hold recapture beyond October 2020
however given the large quantity of MB used, Council disagrees that this should be exempt for ten years but instead
recapture from all methyl bromide ship fumigations should be required from no later than October 2022.
Council’s view is that some recapture from ship holds is practicable and that setting a 10 year horizon with no
interim recapture requirements will result in very limited progress. Council believes that setting a series of
percentage milestones for recovery will drive innovation. Genera have stated that investment of several million
dollars in specialised equipment would result in a viable machine based on their preliminary tests on existing
machines (Mark Self, pers com). This sort of commitment needs to be captured and cemented into place via a
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statutory requirement. While Council can use the consenting process to secure this sort of progress in the Bay of
Plenty, direction is required from the EPA to ensure that it occurs nationwide.
Council is aware of trials run by Genera which show that up to 50% of the MB remaining in the headspace of a ship
hold after fumigation was recaptured using current equipment. Council accepts that capturing this amount was
time consuming and would not fit in well with tight shipping logistics, and was not as efficient as recapturing from
logs under sheets. However Council believes that given the large quantities of MB involved this percentage of
recapture is still very worthwhile and should not be sacrificed in the interests of expediency.
Considering the requirement for recapture from all log fumigations on land after October 2020, Council is
concerned that there may be a significant increase in ship hold fumigation, with logs diverted away from under
sheet fumigation. As stated elsewhere, the ventilation of fumigated ship holds generally represents the greatest
exposure risk to Port workers and the community. Therefore the quantity of methyl bromide used for in-hold
fumigation must be capped at the 2018/2019 level to prevent this increasing as a consequence of more lenient
recapture requirements for ship-holds.
Buffer zone requirements
Council believes that buffer zone distances should not be reduced. Council recognises that the responsibility for
determining this has passed to WorkSafe due to a legislative change, however we make comment here as we have
concerns about comments in the application.
It is important to remember that the existing provisions regarding buffer zones are based on the incorrect
assumption that “recapture” leads to a concentration no greater than 5ppm in an enclosed fumigated space prior to
venting. The applicant’s information makes it clear that for log fumigation this level has never been achievable (and
won’t be in the foreseeable future) therefore the buffer zones need to be based upon real world, worst case data
on exposure risks.
Council has some concerns about the information and modelling supplied in support of this application which are
elaborated on elsewhere. It is also important to model the effects of unintentional releases (which we do not
believe has occurred) as there have been eight incidents of this type at the Port of Tauranga in the last two years
according to the Applicant.
Monitoring Data
The applicant has provided reports from Genera Ltd in support of their statement that all of the results collected
are well within protection levels for workers and non-occupational bystanders (p.31, p.41, and figure 3) and they
state that “Genera’s monitoring clearly shows that the ppm readings are all well below the TEL and WES values…”.
We cannot agree with this statement for the reasons below.
The information provided in Figure 3 (p.41) does not include all measured values, such as TEL (tolerable exposure
limit) exceedances that occurred on the 1st August 2018 reported by Genera to Council, of 3.3 ppm and 4.29 ppm at
the Port of Tauranga boundary. These exceedances of the TEL related to the venting of a ship hold up to 420m away
from boundary monitors and resulted in Council issuing an Abatement Notice to the fumigator. Council has also
conducted its own monitoring of the Port of Tauranga boundary and has recorded TVOC values in excess of the TEL
(1ppm average over 1 hour).
Page 2 of 8
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The EPA guidance document state that measurements that relate to the WES (worker exposure standard) and TEL
should not be combined into averages as seems to have been done on this occasion for generating figures 3 and 5.
The risk of averaging information of this type is that the higher values are not adequately portrayed resulting in a
false sense of comfort for potentially affected parties.
The Application document (p.41) refers to Appendix 6 containing the “reports” of Genera monitoring at the Port of
Tauranga for 2017 and 2018. One report is included in Appendix 6 but it does not contain the graphs or background
data that is referred to as figures 3, 4 and 5 within the application document (p.41 and p.42). The correct reference
document/s, including all the base data, should be provided for proper scrutiny.
The application states (p.41) “The results represent the average TVOC across all monitored fumigations for each
month and the highest reading across all fumigations was plotted for each month.” Council has previously
commented to Genera (as the source of this information) that it is difficult to make conclusions without knowing
the number of samples which make up each bar on the graph and some measure of the variability (e.g. maximum,
minimum, average and standard deviation). This information has not yet been made available.
Furthermore, up until recently there has been a major anomaly in how the ‘downwind’ monitoring locations were
determined when the wind was from an easterly quadrant (blowing towards the water) which had the fumigator
sampling in some cases over a kilometre away from, and at right angles to the wind direction. This practice has also
served to skew the results in figure 3 to be artificially low. The Fumigation Management Plan finalised in early 2019
has aimed to correct this anomaly.
Volatile Compounds Assessment (2018) - Appendix 6 of the application
Appendix 6 contains a Genera report furnished in compliance with a consent condition (5A.4) requiring an annual
assessment of MB vs. Total Volatile Organic Compounds (TVOC’s). In light of our own monitoring data, Council has
a number of issues with Appendix 6.
The report states (p.12) that “methyl bromide represents 2 to 14% of the TVOCs measured by the PIDs at the Port
boundary.” As stated on page 10 of the report, this is based on data showing that “TVOCs and CH3Br (methyl
bromide) concentrations were below 0.2ppm for all sites”.
While the above proportions may be correct for very low levels of TVOCs, our experience is that at higher VOC
concentrations such as those approaching the TEL of 1ppm, the greatest single contributor to the VOC reading is
always MB and the closer to the ventilation the monitoring is carried out, the greater the percentage of TVOC is MB.
Council agrees that there are a number of potential sources of TVOC’s in an operational site like the Port of
Tauranga. We also accept that as distance from the fumigation activity increases, so does the theoretical possibility
of interference from other sources of VOC’s. However, Council monitoring using evacuated canisters has indicated
that samples may contain in excess of 95% MB compared to total VOCs, when sampled in close proximity to
fumigation areas under ventilation.
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Council’s other concerns in relation to Appendix 6 are as follows;
1) The report does not provide any idea of wind direction or speed, so it is impossible to gauge whether the
sampling locations were positioned correctly to detect any MB plume during ventilation. The results show that
directly downwind was not the highest value, suggesting that sampling locations were not optimum.
2) The report does not provide any information about the fumigation and ventilation periods relevant to sampling
by either the PID’s (CUB’s) or Canisters, therefore it is impossible to know if sampling occurred at an appropriate
time or not.
4) Normal practice would be to conduct a number of replicates and a range of conditions typical of the Port of
Tauranga environment, which this report does not do.
5) The report (p.8 Section 3.3) states that a Genera air monitoring template was used to calculate averages. It would
be valuable to have tables of the raw data in an Appendix to the report so that changes in concentration
throughout the venting period could be identified.
6) The report states that from this research Genera complies with the EPA requirements, however one set of
sampling results does not “prove” compliance, it is something that has to be achieved every time fumigation occurs.
As started elsewhere Genera’s own information shows exceedance of the TEL 1hr average on 1 August 2018 at the
boundary, for which Council issued an Abatement Notice.
Effects on Human Health, Including Worker and Public Health
The application states (p.31) “Information presented .... on worker exposure monitoring and recent AERMOD
modelling .... confirm that levels are and will be within WorkSafe requirements”. Council has concerns about the
accuracy of information that is being presented ,wherein STIMBR are relying upon third party reports that appear
not to have been independently peer reviewed or verified. From Council’s own compliance information we have
found significant errors and omissions, for example in figure 3 in the application (p.41), which could materially
affect the decision that the EPA is being asked to make.
The application states (p.37) that “Although there’s no short term exposure limit (STEL) given for MB in NZ, other
countries have set the STEL as 15ppm.” As part of the Envirofume Environment Court Decision, Judge Smith
expressed his surprise and concern that New Zealand did not have measures in place to manage short term
exposure to workers (i.e. shorter timeframes than the 8hr WES limits). The Council strongly believes that there
should be a mandatory STEL (15 minute) and maximum permissible (ceiling value) established for MB. Port workers
are currently reassured by a comparison of exposure levels to an 8 hour average WES, whereas short term exposure
over 15 minutes or less can still have significant health implications, particularly when compounded. Harmful short
term exposures may not necessarily result in an exceedance of the 8 hour WES therefore meeting the WES limit
alone is not sufficient as a safeguard.
The Application cites information provided by Genera (p.40) measuring WES and TEL values at the edge of the Port
of Tauranga Buffer zones (figures 3-5, p.41 and p.42) as confirming that “the use of buffer zones around fumigation
operations still acts to protect worker and bystander health and safety”. Council does not believe that conclusion
can be drawn based on the information presented. We have raised our concerns with Genera a number of times,
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regarding the source of the information, in particular seeking the base data upon which the graphs have been
compiled.
AERMOD modelling prepared by Sullivan Environmental Consulting - Appendix 7a and 7b of the application
The process of air pollution modelling contains four stages (data input, dispersion calculations, deriving
concentrations, and analysis). The accuracy and uncertainty of each stage must be known and evaluated to ensure a
reliable assessment of the significance of any potential adverse effects.
Models can be set up to estimate downwind concentrations of contaminants over varying averaging periods –
either short term (minutes to hours) or long term (annual). In New Zealand, the most common use of dispersion
modelling is to assess the potential environmental and health effects of discharges to air from industrial or trade
activities.
Council has some significant concerns about the assumptions used to underpin the scenarios used by the Sullivan
modelling, in particular;
1) The assumption (p.9) that fumigation/ventilation will occur between 7am and 7pm each day is not consistent
with standard practice at the Port of Tauranga. In fact there are specific provisions relating to night time ventilation
of vessels in Genera’s consent, and Council is advised by Genera that ventilation during night time can and does
occur. The “worst case” scenarios may need to be revisited in light of this information since night time is often
associated with cooler, stiller conditions allowing for less mixing and greater potential for elevated concentrations
of MB.
2) Council is concerned that the assumptions are not as “conservative” as the authors claim (p.13), for example the
modelling seems to have ignored the post fumigation desorption of MB from the logs over time, which we know is
significant as 50% (up to 10,000ppm) of the MB in the logs will desorb over the next few days.
3) Analysis of discharges from fumigated ships seem to be based on recapture of MB from ships. If this is no correct,
and the model assumes zero recovery from ships, the concentrations at ventilation seem to very much at odds with
the information Genera have reported as part of their compliance monitoring and Council’s own data collection.
4) Displaying average values and spreading the release of MB over time downplays the significance of peaks in MB
concentration which should also be portrayed.
5) The 1 hour average numbers being portrayed on the graphs bear no relation to real world data collected via
canisters at the Port of Tauranga. Council’s own monitoring data shows levels approximately 50 times higher than
those presented in the modelling reports (Appendix 7a and 7b).
6) Other modelling information available (e.g. Envirofume) presents a contrary picture of far higher concentrations
post ventilation under the same or similar scenarios to those presented by STIMBR.
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Dr Jenny Barclay’s (Atmospheric Science Global) review of Sullivan’s modelling assessment, August 2019
The Regional Council engaged Dr Jennifer Barclay of Atmospheric Science Global to provide an independent
modelling expert assessment of the two lodged air dispersion modelling documents authored by Sullivan
Environmental. This expert assessment forms part of Council’s submission and is attached as Appendix B. A
number of significant issues have been raised by Dr Barclay and are summarised in Table 3.1 of the review.
These issues are highlighted at a high level by non-alignment with MfE Good Practice Guidance whereby, all
assessments that use dispersion models should be based on conservative assumptions, and/or should perform
sensitivity analyses for key input parameters. Also the ground-level concentrations resulting from a constant
discharge of contaminant(s) change according to the weather conditions at the time. Meteorology is fundamental
for the dispersion of pollutants because it is the primary factor determining the diluting effect of the atmosphere.
Therefore, it is important that meteorology is carefully considered when modelling.
Of particular concern is that Barclay concluded from her review of the Sullivan modelling assessment that “In
almost every instance the choices that were made in the modelling will lead to under predictions...” Furthermore
she stated that “these results cannot be relied on and may be significantly under estimating Methyl Bromide
concentrations on normal day to day fumigation…”.
The Regional Council is concerned that Barclay has identified numerous issues (see Table 3.1) in the Sullivan
Environmental modelling which may result in significant under estimations of the predicted levels. Yet the
document is referred to within the Application document as follows:


on page 31 “Information presented in section 4 on worker exposure monitoring and recent AEROMD
modelling of methyl bromide using the Port of Tauranga as the example confirm that levels are and will
be within WorkSafe requirements.” and



on page 43 – “To inform this reassessment, modelling of methyl bromide levels on the Port are provided for
the following scenarios35; the current situation at the Port of Tauranga and three recapture scenarios(80,
90 and 95% recapture scenarios) at both the current fumigation rates, and the recently proven reduced
rate.”

Council recommends that considerable work is still required by the applicant within this area of their application in
order to present a robust assessment of ground level concentrations of methyl bromide.
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Comments on further proposed changes (from Table C2 of Appendix C in the 2010 Decision)
Council is aware that Management Controls are now largely the domain of WorkSafe and therefore suggested
changes may not be considered by the EPA as part of this reassessment. However, since the applicant has included
comments on Table C2 of Appendix C in the EPA 2010 decision, we have also made comments on this as it is unclear
what other opportunity Council might have to suggest improvements.
1. Clause 2(2) - It is still important to collect all the relevant data where recapture is applied considering the high
levels of MB that will be allowed to remain in the enclosed space prior to ventilation. The current approach assumes
the levels will be so low that there can’t be any risk however we know that is incorrect and that significant MB
concentrations will remain immediately prior to venting;
2. Clause 2(3)(h) - there needs to be much clearer definition of the monitoring locations (See Genera Fumigation
Management Plan) particularly where the wind is blowing the fumigant over water;
3. Clause 2(4) - needs clarification if it is intended to relate to “unintended discharges” as each fumigation event
even with recapture is a “discharge”, as there will still be a considerable amount of MB present;
4. Clause 2(5) - Rather than referring to 20% of the MB in the headspace prior to ventilation, an absolute
concentration of MB in the headspace must be used.
5. Clause 3(2) - The critical time for assessment of affected persons for elevated blood levels of Bromide resulting
from MB is within 24 hours of exposure, therefore the suggested time period of five days for notification does not
allow for collection of relevant health information and adequate treatment.
6. Clause 5(2) - The reporting threshold of 500kg of MB per site means that there is a significant potential for underreporting of the amount of MB being used, especially in regions without a requirement for a consent. Instead the
threshold should relate to an applicator, that way there is no potential for the system to be manipulated by
fumigators moving around to different sites to keep under the quantity threshold.
7. Clause 5(3) - As proposed, the quantity of MB recaptured does not count toward the reporting threshold. This
could lead to significant under-reporting of the amount of MB being used, especially where 100% of fumigation
events on land have recapture applied. This could mean virtually no reporting except for from the fumigation of
ship holds (after October 2020). It is important to remember that under this scenario, recapture may still result in
60% or more of the MB used in the fumigation process being released to the atmosphere.
8. Clause 5(4) - There should be a requirement to report readings made in compliance with WES values.
9. Clause 5(4)(h) - Currently the number of times the TEL is exceeded must be reported but not the actual level of
exceedance, the source etc, which leaves little opportunity to interrogate the information and to learn and
introduce improvements over time.
10. Clause 6(1) - The separation distance for a ship hold is inadequate especially where up to five ship holds are
vented simultaneously, and without a requirement for recapture.
11. Clause 6(3) - This clause implies that fumigator has some sort of right to exclude non-occupational bystanders
from public open space, which is incorrect. Fumigation needs to be managed in a way to protect the rights of the
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public to use “the commons”. This situation has been faced at the Port of Tauranga and resolved via the fumigation
management plan setting appropriate buffer zones that protect public rights.
12. Clause 6(5) - a new set of buffer zones need to be established for logs where recapture is employed as the
original distances were set on the assumption that only 5 ppm remains after recapture and there was no ongoing
desorption. As the new definition of recapture will result in 60% or more of the introduced MB still being released
from logs after ventilation commences, appropriate distances need to be established.
13. Clause 10(1) - The Regional Council should be included in the list of agencies to be notified of ship hold
fumigation.
14. Clause 11(8) - The requirement to notify adjacent landowners should still occur even when recapture is
employed because 60% or more of the MB initially introduced will still be released from logs after ventilation.
15. Clause 12(1) - An operator conducting fumigation does not confer the right to annex public open space.
Fumigation must be conducted in a way that non-occupational bystanders can exercise their rights to access public
open space without being exposed to unsafe levels of MB.
16. Clause 13(3) - A sunset period of 10 years is far too long, especially without any interim milestones, recapture
targets and efficiency requirements. It will be too easy for industry to rest on their laurels, if this extension is
granted. It is significant that Tauranga is the only Port in the country where recapture has been introduced on a
large scale, and that is simply because it was a mandatory requirement (via a resource consent). For the other main
log exporting Ports of Napier and NorthPort practically no recapture is carried out in relation to log fumigation
almost nine years after the deadline was established.
17. Clause 13(a)(b)(c) - The caveats do not provide any comfort that ship hold recapture technology will be
advanced in a timely manner within the proposed 10 year horizon. As written the requirements provide no checks
and balances regarding research and no ability for the EPA to impose sanctions if there is no progress.
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Executive Summary
ASG has been engaged by Bay of Plenty Regional Council to conduct a review of a dispersion
modelling study of Methyl Bromide at the Port of Tauranga prepared by Sullivan Environmental for
the period July 2018 to March 2019. Sullivan Environmental was engaged by Stakeholders in Methyl
Bromide Reduction (STIMBR) to simulate the expected airborne Methyl Bromide concentrations at
the Port of Tauranga. The purpose of the modelling assessment was to determine the 90th, 95th and
98th percentile airborne concentrations of the Methyl Bromide fumigant at both the India and China
application rates. The Consultant used AERMOD to simulate ship, single log pile, multiple log piles
and multiple log piles and ship emissions. The results predicted that all the 1-hour and 24-hour
averaged concentration results were less than 1 ppm.
ASG has conducted this review based purely on the information in the two Sullivan reports. Most of
the methods used in the modelling were not included in the reports and no model control files were
supplied. Therefore ASG has not been able to provide a complete review of the methods and decisions
made by the Consultants and how these may affect the ground level concentrations of Methyl
Bromide.
In summary the quality of the meteorological data used to drive AERMOD is of a poor standard. The
meteorological data was determined from a numerical weather prediction model operated by a third
party in Canada at 4km resolution over the Port of Tauranga. Little effort was made to include
measured data and no effort was made to evaluate the 5 years of data. Important surface property
variables that determine the plume spread and mixing were deemed either incorrect, too coarse or not
applicable to New Zealand. A key finding of the meteorological data is that the worst case light
surface wind speeds were under estimated by at least 15%. This combination of too few calm and
light winds and incorrect and possibly large roughness length values is to likely to under predict the
ground level concentrations of Methyl Bromide.
Although AERMOD is the US EPA preferred model for near field applications, its use in complex
coastal and topographical environments is not recommended over a Lagrangian Puff approach which
is better suited to the inhomogeneous non-steady state environment of the Port of Tauranga.
AERMOD is limited by its steady state assumption, its inability to handle calms and conduct causality
effects plus its inability to have any memory of the previous hour’s emissions or meteorological
conditions. Another limitation of AERMOD and one that may be more serious in this application is
that area sources which have been used to represent all the log piles do not take into account plume
meander. This and the fact that AERMOD may be under predicting for the combined switch of
LOWWIND and adj_u*. These problems which are exacerbated in area sources have been
acknowledged by the US EPA since 2017.
Other potentially significant reasons for model under predictions is that the volume capacity of the log
piles and ship holds have been underestimated. The consequence of this is that the amount of
fumigant has been underestimated and therefore the amount of residual gas available for ventilation
has also been underestimated. The Consultant’s ventilation equation is very sensitive to the residual
air volume space and therefore a small addition in the head space volume results in a significant
ii
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increase to the ventilation flux. Other concerns are that the initial vertical dispersion of the plume at
release has been underestimated which likely means that the concentrations at the Port boundary have
been under estimated. The Consultant used a Monte Carlo method to determine randomness but, this
approach is not warranted here as the data is available to compute potentially worst case dispersion
conditions and worst case scenario of multiple logs and ships. The methods leading to the results
produced by the Consultant in the modelling reports are not clear. How the 95th and 98th percentile
concentrations were computed for the 24-hour average concentrations is not explained, nor is the
method used for averaging the daily concentrations. The highest 1-hour 95th percentile concentration
at 20m (0.05 ppm) presented by the Consultant for multiple log piles and ship emissions only
represent 5% of the New Zealand TEL of 1ppm. Based on the information presented in this review
this appears to be a gross under representation of the actual concentrations expected. Further the 24hour concentrations are higher than the 1-hour concentrations which do not make sense and requires
further explanation.
In general, the study was not found to be robust and there is a clear pattern that the methods used in
the study are not representative of Methyl Bromide fumigation and ventilation at the Port.

iii
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1. Introduction
This report provides a review and assessment of an air dispersion modelling exercise undertaken by
Sullivan Environmental Consulting (Sullivan Environmental\Consultant) over a period from July
2018 to March 2019. Two documents were generated by Sullivan Environmental. The first was
submitted in July 2018 and was titled;
‘Air Concentration Dispersion Modeling Assessment of Methyl Bromide Concentrations in Tauranga
Port, New Zealand’
A second Addendum document was submitted in March 2019 and was titled;
‘Addendum to Air Concentration Dispersion Modeling Assessment of Methyl Bromide
Concentrations in Tauranga Port, New Zealand’
These two documents form part of an application to the EPA for reassessment of certain controls for
Methyl Bromide lodged by the Stakeholder in Methyl Bromide Inc.
Sullivan Environmental was engaged by Stakeholders in Methyl Bromide Reduction to simulate the
expected airborne Methyl Bromide concentrations at the Port of Tauranga. The purpose of the
modelling assessment was to determine the 90th, 95th and 98th percentile airborne concentrations of
the fumigant Methyl Bromide for both India and China application rates by using five year of
meteorological data from the Port of Tauranga.
The AERMOD dispersion modelling platform was used to simulate ship, single stack, multiple stack
and multiple stack and ship scenarios treated at a maximum treatment rate based on the running 24
hour temperature values for China and India. The results of the July 2018 report showed that the 90th,
and 95th percentile 1 hour and 24-hour results were less than 1 ppm for all application rates and for all
scenarios and events examined.
The Addendum report of March 2019 provided an update to the July 2018 modelling report and
included some modifications to the China application rate of 120 g/m3 for 16 hours and India 72 g/m3
for 20 hours ventilation emission estimates to incorporate the latest agreements with the regulatory
agency, including an additional New Zealand 40 g/m3 for 16 hours of emissions. In order to satisfy
the latest regulatory agency requirements, the new Addendum document included both the 95th
percentile and 98th percentile concentrations and eliminated the 90th percentile concentrations. The
results of the Addendum report showed that all the 98th percentile 1 hour and 24-hour results were less
than 1 ppm for all application rates.

1.1 Exposure and Assessment Criteria
Methyl Bromide or bromomethane is an organic bromine compound with formula CH₃Br. Methyl
Bromide is a colourless, odourless, non-flammable gas which is produced both industrially and
biologically. It has a tetrahedral shape and it is a recognized ozone-depleting chemical. Methyl
Bromide has a molar mass of 94.939 g/mol and is heavier than air.
1-1
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The relevant assessment criteria for methyl Bromide under regulation 14.37 of the Health and Safety
at Work (Hazardous Substances) Regulations 2017, is 1-hour Tolerable Exposure Limit (TEL) of 1
ppm (3.9 mg/m3), a 24-hour TEL of 0.333 ppm (1.3 mg/m3) and, a chronic TEL of 0.0013ppm (0.005
mg/m3). The New Zealand WorkSafe Exposure1 standard is 5 ppm over an 8-hour period.
The 1-hour TEL is based on a reference exposure level (REL) derived by the California
Environmental Protection Agency for protection against mild adverse effects (CEPA, 2008)2. The 24hour TEL is based on a US EPA derivation (US EPA 2007)3. The chronic TEL is based on a US EPA
chronic reference concentration (US EPA, 1992)4
This means that Methyl Bromide at and beyond the boundary of the Port of Tauranga must not exceed
the TELs of 1 ppm and 0.333 ppm over 1-hour and 24-hours. The Regulations include a set of
fumigation restrictions, emission controls and, monitoring requirements. The fumigation restrictions
are briefly listed below;

1.1.1 Fumigation Restrictions
1) Weather conditions at fumigation sites must be actively monitored so that real time
meteorological information is used to manage the activity
2) No ventilation to the atmosphere can occur during hours of darkness, 30 minutes either side
of sunrise or sunset without active monitoring of venting procedures, gas levels and wind
conditions. Reporting of night time activity is necessary and ventilation should be suspended
if unfavourable weather or levels of Methyl Bromide are too high.
3) No covering of goods may happen if the wind speed is in excess of 25 knots
4) The tarpaulins used for fumigation must be in good working order

1.2 Report layout and Content
This report is primarily concerned with the two Sullivan dispersion modelling reports. The review
has been itemised for each relevant subject discussed in Section 2. The findings of Section 2 have
been summarised in Section 3 and a determination as to the potential effects on Methyl Bromide
concentrations has been made.
This review focusses on the following 4 subjects
1) The meteorology used by the Consultant in the model
2) The choice of model and model switches
3) The characterisation of the sources in the model and emission rates, and,
4) The model results and findings

1

Worksafe New Zealand. (2018) Workplace Exposure Standard (WES) review. Ethanedinitrile (CAS No. 46019-5). Wellington: Worksafe New Zealand
2
CEPA. (2008) Technical supporting document for noncancer RELs, Appendix D2. Accessed at:
https://oehha.ca.gov/media/downloads/crnr/appendixd2final.pdf. Accessed: 29 August 2019
3
USEPA. (2007) Human health risk assessment. Methyl Bromide. Washington: US Environmental Protection
Agency
4
USEPA. (1992) Integrated Risk Information System (IRIS) Chemical Assessment Summary. Bromomethane;
CAS 74-83-9. Accessed at: https://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0015_summary.pdf.
Accessed: 29 August 2019.
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2. Review of Dispersion Modelling
2.1 Meteorology
2.1.1 Introduction
Meteorology is a key input into any dispersion model, and includes parameters such as wind speed
and wind direction, atmospheric stability (turbulence) and mixing height. A meteorological database
for modelling purposes normally covers a minimum of 1 year of recent relevant data. The Consultant
obtained a five year data set from 2012-2016 from Lakes Environmental, a Graphical User Interface
(GUI) developer company who sells meteorological data to support its GUIs of popular models,
AERMOD and CALPUFF. Prior to obtaining the Lakes meteorological data the consultant attempted
to get measured data from Tauranga Airport from ‘Weather On-line’, an online weather company but
concluded that it was ‘not fit for purpose’ due to poor representation of the data of just 53%.
Consequently the Consultant employed Lakes Environmental to generate five years of Weather
Research and Forecasting (WRF) data at 4km resolution over the Port area. The Consultant
purchased ‘AERMET-Ready WRF-MMIF’ data. This means that Lakes Environmental first
processed the WRF data at 4km resolution. Then they used the US EPA’s program Mesoscale Model
Interface Program (MMIF) to convert the WRF data into an AERMET ready Surface and Profile data
file for modelling purposes. The end result of MMIF is the equivalent of a 10m pseudo
meteorological tower based on the WRF gridded meteorological data located at the Port. Figure 2-1
shows a simple flow chart of the process used by the Consultant to develop the meteorological data
for use in AERMOD.
Figure 2-1.

2-1

Flow chart showing the process used to develop meteorological data for AERMOD.
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Sullivan Environmental provide two tables, Table 6 and Table 7 in the July 2019 report that provides
some brief details on the meteorological files such as the start and ending date, the centre longitude
and latitude, the grid resolution, Datum, and closest city to the extraction of the pseudo data.
The findings of this review are detailed in point form below. A summary table is provided in Section
3 to highlight the effect each finding may have on the predicted Methyl Bromide concentration
results.

2.1.2 Use of WRF Model Data to Represent Meteorology at Tauranga Port
1. No surface observational data was used.
There is a long term record of data available from the New Zealand MetService Tauranga
Airport site which goes back nearly 30 years. There is very little missing data from this
station over the last several years. The Tauranga Airport routinely records < 1 hour readings
of temperature, wind speed, wind direction, relative humidity, pressure, rainfall, cloud ceiling
height and cloud cover. Meteorological data for the Port area should have been developed
using data from this station. Figure 2-2 shows the locations of automatic weather stations,
several of which have data since 2012.
Figure 2-2.

2-2

Surface meteorological stations (red) and precipitation stations (blue) around the Port vicinity.
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2. Atmospheric stability and wind speed used in Consultants AERMOD files are not
representative of actual conditions.
Two critically important meteorological parameters in dispersion modelling are hourly
atmospheric stability and wind speed. Hourly atmospheric stability should have been
determined from measured cloud data available from Tauranga Airport as well as using
local wind speeds, to capture the light wind speed events. Instead atmospheric stability for
the Port was computed from coarsely resolved cloud liquid water from the modelled WRF
data. The amount of precipitation in the WRF model is largely dependent on the users’
choices of convective schemes within the model, which is complicated and requires in depth
local knowledge to compute correctly. Atmospheric stability and wind speed directly affects
the lateral and vertical spread of the plume and therefore will have an effect on the predicted
ground level concentrations.
3. There is a lack of meteorological information in the Consultant reports.
A single wind roses representing the wind speed and wind direction over the five year period
(2012 – 2016) is provided in Figure 3, page 19 of the main report.
The single wind rose does not demonstrate the adequacy of the prognostic meteorology used
in the modelling at all. There is no analysis or evaluation on atmospheric stability, mixing
height, wind speed and direction, friction velocity, roughness length, etc. In order for there to
be any faith in the quality of the data, it is vital that the model report show in depth analysis of
the data and present each meteorological variable in the form of scatter plots, time series plots
and wind roses by year, season and by time of day.
4. The Consultant has not supplied any evaluation of the modelled WRF 4km meteorological
data from which the AERMOD meteorology was determined.
There is no quantitative, statistical or graphical analysis of the WRF data used in the
modelling. No comparisons of the WRF data have been made with any automated
surface weather data stations. The MMIF guidance5 says that;
“A quantitative, statistical and graphical analysis of the prognostic data should be completed
and compared to all available automated surface observation data pairing in both time and
space”.
The guidance continues to point out that this analysis should be completed for at least three
years, and, that the appropriateness of the WRF grid should also be considered and evaluated.
The vertical temperature profile from the AERMOD Profile file should also have been
evaluated for multiple periods and for multiple stability classes with the results included in
the reports.
5. The Consultants surface winds are too strong and there are not enough calm and light winds
represented in the meteorological file.
It is well known that WRF generates a positive wind speed bias at the surface. There are
several reasons why the model does this, of which, one of the reasons is the coarse grid
5

Guidance on the Use of the Mesoscale Model Interface Program (MMIF) for AERMOD Applications. US
EPA. April 2018.
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resolution. Evaluation of the Consultants 5 year wind rose (Figure 3 of main report) shows
that for 1.46% of the time the wind is ‘calm’. Since what wind speed defines ‘calm’ is not
stated anywhere in the reports, it can therefore be assumed from Figure 3 that ‘calm’ refers to
any wind less than 1 m/s, since the lowest wind speed scale is 1.0 – 2.1 m/s. A comparison of
the Consultants winds (2012-2016) with Tauranga Airport (Table 2-1) for 2014-2016 shows
that this value underestimates winds < 1 m/s by as much as 5 – 10%.
The measured data from the airport shows that wind speeds less than 1.8 m/s occur for 19.9%
of the time in 2014, 25.6% in 2015 and, 21.1% in 2016. In comparison winds used in the
modelling < 2.1 m/s appear to only occur for 5.46% of the time.
Light winds and calms will be the worst dispersion conditions for Methyl Bromide
ventilation and their frequency have been underestimated by at least 15% or more in
the Consultants study. This is considered significant and is likely a key reason for the
low model results presented in the reports.
Table 2-1.

Comparison of Consultants surface wind speed data (Figure 3 of main report) with measured
winds from Tauranga airport for 2014, 2015 and 2016.

Data Source

Sullivan Report
2012-2016
2014*1
2015*1
2016*1
*1

Calm
< 0.5 m/s
(%)

0.5 – 1.8 m/s
(%)

< 1.0 m/s
(%)

No data available

No data available

1.46 (Figure 3)

1.4
6.1
0.9

18.5
19.5
20.2

4.8
10.5
4.8

1.0 – 2.1 m/s
(%)
+/- 5.46%
(estimated from
Figure 3)
15
15
16.3

Tauranga Airport

6. No information is provided on user choices when converting the WRF 4km data into
meteorological data for AERMET and AERMOD. Consultant used third party company
Lakes Environmental.
Table 7 of the Sullivan report suggests that the AERMOD meteorological files were
generated using the recommended MMIF approach for regulatory applications. But, nowhere in the document is this explained. It may be that the Consultant is unaware or, is safe
in the belief that the third party employed to develop the meteorology used the approach
according to Section 8.4.2(a) and 8.4.5.1(b) of Appendix W6 as well as the latest MMIF
guidelines7. This is important because if this ruling was followed then processing MMIF
should have allowed for the AERMET u* adjustment option. A critical option to ensure
reasonable performance of AERMOD.

6

Environmental Protection Agency. Revisions to the Guideline on Air Quality Models: Enhancements to the
AERMOD Dispersion Modeling System and Incorporation of Approaches to Address Ozone and Fine
Particulate Matter. Federal Register/Vol. 82, No. 10/Tuesday, January 17, 2017/Rules and Regulations.
7
Guidance on the Use of the Mesoscale Model Interface Program (MMIF) for AERMOD Applications, EPA454/B-18-005 April 2018.
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There are other critical user choices that must be made when executing MMIF to generate
AERMOD meteorological data. They include the use of:
FDDA – four dimensional data assimilation. Which is recommended by the guideline, but
requires complex user decisions to prevent biasing the numerical solution to the observation.
Other critical keywords include; AER_MIN_MIXHT, AER_MIIN_OBUK,
AER_MIN_SPEED, FSL_INTERVAL, AER_LAYERS. The choice of value for each
keyword that affects mixing height, model stability, minimum wind speed, upper air data time
interval and, number of vertical layers, are all critical parameters in determining the output
meteorological file. Some of these keywords have default values, but none of this
information has been supplied by the Consultant and therefore does not give much confidence
in the quality of the meteorological data set used in the modelling.
7. Land Use data for AERMET is determined from coarse US land use parameters and may not
be representative of New Zealand
The MMIF program will output surface characteristics, albedo (reflectivity of the surface),
Bowen ratio (latent heat flux), and surface roughness for input into AERMET for the
development of the surface and profile meteorological files, which is then used by AERMOD.
MMIF outputs these characteristics in accordance with the US land use characteristics and
values and at the resolution of the WRF data, 4km. These Land use values are
representative of US Land Use properties and not New Zealand Land Use properties.
8. Surface roughness length which determines plume spread is most likely overestimated in
AERMOD.
The MMIF program used by the Consultants third party to prepare the AERMOD ready
meteorological files will output surface characteristics, albedo, Bowen ratio, and surface
roughness for input into AERMET for the development of the surface and profile
meteorological files, which is then used by AERMOD. MMIF outputs these characteristics in
accordance with the US land use characteristics and values at the resolution of the WRF data,
4km. The MMIF program produces one Land Use category, upwind at a monthly resolution.
The 4km US GS Land Use data used to develop the surface roughness over the Port is shown
graphically in Figure 2-3 (left hand side) compared to the actual land use as prepared for a
historic CALPUFF model on the right hand side. There are a few things to point out.
1) The Land use that was used to develop the surface properties including roughness
length for the AERMET meteorological files is too coarse, incorrect and in US land
use properties rather than New Zealand.
2) AERMOD is very sensitive to roughness length8. The larger the roughness length upwind
the greater the plume mixing will be downwind. Since the urban area (yellow) is west of
the port (rectangle) means AERMOD is generating more mixing and therefore more
dispersion for winds blowing to the east. The consequence of this is to likely under
estimate the predicted concentrations for westerly winds.
3) Because of the coarse 4km resolution used to determine the meteorological file, the
Tauranga ‘peninsula’ which is approximately 2.6km wide has vanished. The result is that
the AERMOD meteorological files will have been prepared assuming a water roughness
8

Barclay, J and M. Borissova, 2013. Potential problems using AERMOD to implement current odour
regulations for WWTPs. 5th IWA Conference on Odours and Air Emissions. San Francisco, USA.
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to the north and east and, urban city centre to the west. Since the plume spread is directly
affected by the roughness length, it can be concluded that the AERMOD prepared
meteorological files are unlikely to reflect the situation at the Port at all.
Figure 2-3.

2-6

Land Use properties and terrain elevations used by Consultant on left hand side, vs. actual Land
Use and terrain on rhs. The cross hair cursor is the airport and the rectangle is the port area where
the logs are kept.
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9. Potential error in MMIF which may be altering the wind speed and wind direction from WRF
data for every single hour.
It is unclear from the 2019 MMIF changes log9 whether an error with MMIF reported at
multiple conferences10,11,12 has been fixed. For Calmet, MMIF conducts spatial interpolation
for every single wind speed and direction even though the interpolation is not necessary. The
result of this is that MMIF modifies every single hour of wind speed and wind direction. It is
not clear whether the AERMOD Surface and Profile meteorological data files extracted from
WRF is an actual WRF grid point, or, is an interpolation of the WRF data to the nearest grid
point, or, is the nearest grid point.

2.2 AERMOD as Choice of Model and Setup Options
10. AERMOD is not the preferred model for complex environments.
Although AERMOD is the US EPA recommended near field model for use in the US, this
restriction on model use is not so rigid in either Australia or New Zealand. In complex
environments a Lagrangian Puff dispersion model is still preferred over AERMOD13,14.
Complex environments include terrain and coastal regions where the steady state assumption
of plume models breaks down in the near field (steady-state assumption assumes the winds
are homogenous with downwind distance, regardless of distance). Appendix W (2017)15
states that the use of CALPUFF in the near field as an alternative model to AERMOD for
situations involving complex terrain and complex winds is acceptable. Appendix W (2017)
further states that ‘AERMOD is limited’ and that CALPUFF or another Lagrangian model
may be more suitable in complex environments, and have therefore continued to provide the
flexibility to use it. Some of the limitations of AERMOD in a coastal/land/estuarine
environment like the Port of Tauranga include; inability to handle calm and light winds,
inability to handle causality effects (plumes do not turn with the wind and terrain, or respond
to light or strong winds, instead the plume represents a straight line out to infinity, regardless
of wind speed). Further, each hour is independent of the next, so there is no memory of
emissions from one hour to the next. This last point is relevant and is discussed in more depth
in Point 13.
11. No information pertaining to AERMOD Version number or vital model option switches have
been provided.
No information has been supplied by the Consultant with respect to the Version of AERMOD
used in the modelling. This is important as depending on the Version of model used it is hard
to know which set of US EPA recommendations would likely have been followed when
9

US EPA Scram Bulletin. Change log for MMIF VERSION 3.4.1 2019-03-11
Scire 2012 10th 3-4 ETEX, EPA Modelling Conference.
11
105th Air and Waste Management Association Annual Conference and Exhibition 2012. 19-22 June, 2012,
San Antonio, Texas, USA
12
Popovic, J, J.S. Scire, D.G. Strimaitis and Z-X Wu, 2012. Evaluation of CALPUFF with the CAPTEX Tracer
Dataset. Proc. Aerosol and Atmospheric Optics: Visibility and Air Pollution Specialty Conference; p.418-422.
25-28 September 2012; Whitefish, MT.
13
Approved Methods for Modelling and Assessment of Air Pollutants in New South Wales. Office of the
Environment and Heritage, New South Wales, Australia. 2017.
14
Good Practice Guide for Atmospheric Dispersion Modelling. Ministry for the Environment. June 2004.
15
US EPA 2017 Appendix W. Federal Register Docket
10

2-7

SUBMISSION127599

setting the model up. Since 2012 the US EPA have introduced numerous model code changes
primarily to address model performance in low wind speeds. Although each of these code
changes provides an important scientific improvement they have had significant effects on
model performance, either under or over predicting ground level concentrations16. Figure 2-4
below provides an example of this for a 100m x 100m area source with a unit emission rate
emission and is discussed in point 12.
Figure 2-4.

Ground level concentrations for various US EPA options since 2012 until today, for a single

meteorological station (MLU) for a 100m x 100m area source. BASE DFLT was the model pre
2012 and ASTR LWWS is the most recent version of the model (V18081).

12. AERMOD predicted concentration results for log piles and ships (area sources) used in the
modelling are likely being under predicted.
In the US EPA 2017 White Paper17 on the ‘Overview of LOWWIND Options’ the EPA
determined that ‘the LOWWIND3 option either alone, or, with adj_u* could lead to model
under predictions’. This is seen in Figure 2-4 for option USTR LWWS for a simple area
source at surface station MLU. The model choice options in USTR LWWS have been
recommended by the EPA since approximately 2016 and include the LOWWIND3 option as
well as adj_u* to AERMET. This option produces some of the lowest ground level
concentrations and predicts concentrations that are 58% lower than those from the original
BASE DFLT case which is the model prior to 2012, before the USEPA introduced any of the
LOWWIND code changes.

16

Barclay J., and M. Borissova. 2019. AERMOD Concerns for Regulatory Applications. Clean Air Society of
Australia and New Zealand, Queenstown, New Zealand.
17
US EPA White Paper. 2017. Overview of LOWWIND Options

2-8

SUBMISSION127599

It is expected that the Consultant ran AERMOD using WRF winds directly and, using both
the LOWWIND3 and adj_u* options. This would be the equivalent of USTR LWWS in
Figure 2-4 which could explain some of the model under predictions for the log piles.
Further, it is important to point out here that AERMOD’s problem in under predicting
concentrations is exacerbated for area sources as the model neglects plume meander for
all area sources.
13. Receptors (locations/points at which concentration is computed) are too coarsely spaced, are
inadequate in number and do not encompass all the sources fully.
Receptors are the locations on the ground where predicted concentration is computed. If there
are large gaps in the receptor grid or, if too few are placed then the peak concentrations may
be missed altogether. The Consultants receptor grid is shown in the first report in Figure 5.
Receptors are placed approximately 20m apart and are only placed directly east of the ship,
i.e., over the log pile area on the eastern side of the Port. In total the Consultant has used
approximately 240 receptors in their modelling. This is inadequate. Receptors should have
been placed at 5-10m intervals in the very near field out to 50m-100m or so in all directions
with a slightly coarser resolution out to the very edge of the Port boundary >600m including
the harbour and the Port activities at the Tauranga Container Terminals on Sulphur Point
where it is understood that fumigation also occurs. It is normal in a modelling exercise to use
upward of 5,000 discrete receptors. A finely spaced receptor network is necessary for
accurate estimates of the near field where the concentrations are changing the most
rapidly and, to avoid missing the peak concentrations.
Further, and more importantly because AERMOD has no memory of the previous hour’s
meteorology or emissions means that a light wind from the east which will push the plume
into the harbour is not available for cumulative impacts in the following hour. As an
example if there was a light east wind of 0.1 m/s at hour 01h this would move a plume a
couple of hundred metres into the harbour. If the following hour, hour 02h was a light wind
from the west the plume pushed into the harbour will be then directed eastward carrying
residual pollutant in it. A measurement of the concentration beneath the plume at the end of
hour 02h should be the cumulative impact of the last two hours of plume. However, the
concentration beneath an AERMOD plume would only represent hour 02h, not the
cumulative contribution of hour 01h and 02h.
Finally, the User Guide for the Probabilistic Exposure and Risk model for Fumigants (Reiss
and Griffin 2008)18 recommend the use of finely spaced ring receptors, i.e., 360 degree rings
of receptors that encompass the entire Port site right out to all the boundaries to capture all
wind directions and therefore all potential peak concentrations. At the moment the consultant
is only capturing concentrations immediately east of the ships.

18

R.Reiss and J. Griffin. 2008. Users Guide for the Probabilistic Exposure and Risk Model for Fumigants
(PERFUM), Version 2.5.
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2.3 Characterisation and Emissions of the Log Piles and Ships in the Model
14. Log piles should have been represented as volume sources in AERMOD.
Given the potential under predictions of AERMOD for area sources due to its neglect of
plume meander and, depending on which model version was used and, the choice of model
options, it would have been better to represent the log piles as volume sources in AERMOD.
15. The Consultant has under estimated the volume of the log piles and not accounted for
containers.
The log piles were represented as area sources of 300m2 with a volume 750m3 based on a
single log pile length of 60m long, 5m wide and 2.5m high. At a recent site visit to the port it
was noticed that the log piles were significantly higher than 2.5m high as used by the
Consultant, more like 4m. Further, Graham (2009)19 reported log piles ranging in volume
from about 160 to 1500 m3 and much higher than 2.5m. If the volume of the log pile is bigger
than 750m3 then more fumigant is required and the volume of residual gas will also be
greater.
Examination of the usage of Methyl Bromide for 201820 shows that 77% of the total 220,925
kg of Methyl Bromide used was on the log piles. Therefore it is vital that representative log
piles be modelled. Therefore the result of underestimating the volume of the log piles is
to underestimate the amount of fumigant required and the amount of residual gas
available for ventilation.
Seven per cent (15,480 kg) of the total 2018 Methyl Bromide usage was on containers. 6%
(13,390 kg) was used at the Sulphur Point, and a further, 0.94% (2,090 kg) was used on
containers on the Mount Maunganui Port wharf. It is understood that recapture of the residual
gas from containers is almost always applied and can be efficiently removed with good
carbon scrubbers. Therefore the residual gas from these sources is likely to be quite small.
Nevertheless the reports should have included some discussion on this.
16. The initial vertical dilution of the plume at point of release may have been underestimated.
The Consultant modelled the log piles as areas sources and set the initial dispersion to 2.5m
associated with the height of the sources. It is my opinion that this value is far too low.
Tracer releases of flares at a Port in Sydney21 with containers of logs showed significant
vertical mixing at the point of release after several seconds (Figure 2-5) which is much greater
than the 2.5m chosen by the Consultant after a full hour. Further, it has been shown that in
urban air sheds when assessing particulate matter from residential suburbs, the initial vertical
spread of pollutants even under stable atmospheric conditions and low mixing heights is more
like 20m.

19

Graham. B. 2009. Review of Methyl Bromide Monitoring Reports. Report Prepared for the EAP in Support of
the Reassessment of Methyl Bromide, Graham Environmental Consulting Ltd, Auckland
20
Table of Methyl Bromide usage for 2018 in kg, provided via email from BOPRC.
21
Cook. B., 2017. Downwind Tracer Gas Measurements to Improve Model Parameterisation of Aligned
Volume Sources. Clean Air Conference of Australia and New Zealand, The Critical Atmosphere. 15-18
October 2017. Brisbane, Queensland.
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The result of under estimating the initial vertical dispersion is likely to prevent the realistic
vertical mixing of the plume at the time of the release, thereby underestimating the
concentrations at the boundary of the Port.
Figure 2-5.

Smoke from 3-minute flares to assess ventilation from containers containing logs at a Port in
Sydney.

17. ‘Urban’ dispersion rates have been used instead of ‘Rural’ dispersion rates.
AERMOD allows the user to incorporate the effects of increased surface heating from an
urban area on pollution under stable conditions (higher roughness length and heat flux,
therefore greater mixing and lower concentrations). It also allows the user to set the urban
roughness length through the keyword ‘Urbroughness’ to 1m. The Consultant used ‘Urban
dispersion’ rates but makes no mention of modifying the roughness length. The Consultant
justified the use of ‘Urban’ dispersion rates by the following statement.
“Dispersion rates at the Port are considered to be more consistent with urban applications
(i.e., higher dispersion rates) when compared to rural settings because of the cement/asphalt
surface and number of support buildings found on the port site”.
However, (possibly unbeknown to the Consultant) AERMOD does not use urban dispersion
rates during stable conditions during the daytime and uses the same formulations as in rural
areas. In other words AERMOD does no urban related adjustments to the boundary layer
characteristics. Since the Consultant does not allow any ventilation to occur at nigh time
(ventilation is assumed to occur on 24th hour of operational fumigation hours 07h to 19h) then
the use of this option is unlikely to have an effect on the ground level concentrations during
the day, but, may under predict ventilations that occur in winter time prior to sunrise (07h,
08h)) and, for the first hour or two after sunset (17h, 18h and 19h). Normally ‘Urban’
dispersion rates are not used in New Zealand as they were really developed for true urban
areas and are not recommended for use in this application.
18. Diurnal emission profile of fumigation and ventilation emission rates for log piles.
The Consultant determined the emission rates of the log piles by assuming that the fumigation
of logs under the tarpaulin takes approximately 16 – 24 hours followed by a ventilation phase,
when the tarpaulins are removed. The Consultant assumed that the fumigation phase took 23
hours while the ventilation phase occurred over the final hour of the 24 hour cycle. It was
assumed that 10% of the fumigant is released gradually through the tarpaulin over 24 hours.
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Therefore from this information it can be assumed that a diurnal profile of emissions was
developed which would never be zero, but would have small emission rates for 23 hours of
the day and a peak emission rate in the 24th hour of each cycle which is allowed to occur from
07h to 19h every day of the year.
It would be beneficial to see a plot of the diurnal emission profile used in the modelling but
assume that it looks similar to Figure 1 of the Sullivan EDN Modelling Report22.
19. Neglected to consider venting during night time for both log piles and ships.
The Consultant assumed that fumigation was conducted during work hours, starting at 07h00
and ending at 19h00, this means that ventilation hours would only have ever occurred during
the day when the atmosphere is mostly either unstable or, weakly unstable and therefore
dispersion is generally good. This assumption that ventilation would occur during daylight
hours is somewhat acceptable for log piles, but it appears that there is permission to ventilate
both log piles and ship holds at night as long as monitoring is conducted23.
However, it appears that night time ventilation for ships is the preferred time. Part of the
reason may be logistical, but a more relevant reason may be the lack of public members
around and the potentially large ventilation from the ship holds.
Given that ship ventilation does sometime occur at night under light wind stable atmospheric
conditions then modelling should assess this through all hours of darkness as these will likely
be the worst case dispersion conditions. The fact the Consultant has not considered ship hold
ventilations during the night time will underestimate Methyl Bromide concentrations. Further,
any predicted concentrations from ventilations happening at 07h, 08h and 18h and 19h, (dark
hours in winter) may be under estimated by the Consultants choice of ‘Urban Dispersion’.
20. Monte Carlo Method for Single Log Pile and Multiple Log Pile Model runs
The single log pile and multiple log pile ventilation start times during operating hours (07h –
19h) as well as the combination of source events were determined using a Monte Carlo
method. A Monte Carlo method uses a broad class of computational algorithms that rely on
repeated random sampling to obtain numerical results. The underlying concept is to use
randomness to solve problems that might be deterministic in principle.
For the multiple log piles the Consultant assumed;
60% of days had one co-located set of 10 stacks, randomly selected fumigating each day
- 30% of days assumed 2 sets of 10 stack groups were fumigated each day
- 10% of days assumed that all three sets of 10 stacks were treated each day
I have a couple of concerns with the model runs. First is that the Monte Carlo approach is not
really appropriate here. Monte Carlo methods are useful when there is little data and the
analytical solution is too difficult to obtain. But, in this instance we have both data (hourly
meteorology) and analytical models which can compute for instance the worst set of
22

Sullivan, D., D. Hlinka and R. Sullivan. 2018. Air Concentration Dispersion Modelling Assessment of
Ethanedinitrile Concentrations in Tauranga Port, New Zealand.
23
Resource Consent 62719-AP. Discharge to Air. Bay of Plenty Regional Council
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meteorological conditions. I do not believe the worst case meteorological dispersion
conditions have been captured, or, the worst case event which would involve multiple log
piles and possibly ship hold emissions has been captured. The worst case event will be a
combination of poor dispersion and multiple source ventilations. Historic records as well as
the actual amounts of fumigation used may also be relevant to put the worst case into context.
21. Ship holds were characterized as point sources and ventilation emissions were under
estimated.
The Consultant used Monte Carlo to determine that ship fumigation could occur two times
per month. On page 9 of the main report. The Consultant stated, ‘we used the specifications
of a typical vessel carrying logs from New Zealand. A total volume of 45,000 m3, across 5
holds holding a total of 25,974m3 of logs was assumed. Based on this information this means
that each of the 5 holds was approximately 24.4m x 24.4m and 15.12m high which gives an
individual hold area of 595m2 and volume of 9000m3 and a log capacity of 5194.8m3. But the
actual modelling only considered four equal size cargo bay hold areas comprising a total area
of 2,376m2 (main report page, 23), i.e., 4 x 595m2. This means that the 5th hold, containing
5194.8m3 of logs were not modelled. Using the Consultants ventilation equation this means
that the ventilation emission rate was under estimated by at least 0.1065 g/m2/s or 226.8 kg
/hr. Why the Consultant said they were using New Zealand log ship specifications with 5
holds and then decided to only model four of them is not explained or justified anywhere in
the reports. Figure 2-6 shows two typical log container vessels tied at berth in the Port. Each
ship contains 5 full holds of logs.
The ship holds were modelled assuming 4 stacks per hold. Each stack was set to 1m height
representing the minimum height of the ship deck with an exit velocity of 0.0006 m/s and a
diameter of 1m. EPA’s BPIP model was used to define building downwash for each of these
stacks relative to the ship dimensions. (Note. The Consultant has not supplied the BPIP file
and also has not provided any details of the base elevation (m) or the base of each stack (m)
used in the modelling). Point sources rather than volume or area sources were used in order
to treat the effect of the ship’s structure on the flow.
Figure 2-6 shows an aerial view of two typical log-carrying container ships with 5 large full
holds on each deck. It is understood that when these holds are opened for ventilation the
entire hold is opened. The doors open in the centre, creating an ‘M’ as they are pulled back.
Methyl Bromide is a dense gas and it is expected that ventilation and the consequent emission
rate will not only be a function of the ambient wind speed and atmospheric stability but could
also take a short time or a few hours to ventilate. How long it takes to ventilate will also
depend on whether the holds were opened one at a time, or, opened simultaneously. From
observations taken in August 2019, it only took two hours or less for all five holds to be fully
opened24. This suggests that the ship holds will release most of the headspace residual gas
over the first two hours of ventilating. Depending on the strength of the wind at the time, it is
anticipated that the drawing off of Methyl Bromide will be higher and last longer for a light
wind (~ 1 m/s) compared to a calm wind (inability to draw the heavy gas out) or, a stronger
wind (draws off and disperses rapidly). Given the fact that the opening of the holds are 8m or
24

Weiss. S, 2019. Bay of Plenty Regional Council. Email received on 27 August 2019.
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so above the sea it is anticipated that there will always be some wind at the height of the holds
compared to ground level which may often be calm.
Another consideration is the direction of the wind at time of ventilation, if along the length of
the ship, plume merging and higher plume rise could occur, but equally the plume could have
higher concentrations than for a wind directly perpendicular to the ship. Since the
predominant flow is southwest, then 45 degree angle winds to the ship hull are likely the most
common occurrence, which would allow for a degree of plume merging. Worst case
dispersion conditions are expected to occur under light winds in stable or weakly stable
atmospheric conditions when the ambient flow is parallel up to 45 degrees against the vessel
and all holds are opened within fairly quick succession of one another.
This is a very difficult emission modelling scenario as there are several unknowns. However,
it is my opinion that these sources are better represented as 1:1 ratio volume sources and that
emissions may need to be scaled according to stability class and wind speed. The diurnal
emissions profile needs to be carefully considered too. I have reservations that the very low
exit velocity chosen for the point sources so that building downwash effects could be included
will just encourage stack tip downwash to be the dominant feature rather than the intended
downwash caused by the ship structure. I think downwash due to building effects could
happen occasionally in moderate to strong winds (>4 m/s 8 knots), but these are not expected
to be worst case dispersion conditions.
There are several concerns with the characterisation and emissions from the ship holds, these
are listed below;
a) The Consultant has underestimated the Methyl Bromide emission rate from a
ventilating ship by at least 226.8 kg/hr as they neglected to consider all 5 holds. This
is despite the fact they said ‘we have used the specifications of a typical vessel carrying
logs from New Zealand. A total volume of 45,000m3 (across 5 holds) holding a total of
25,974 cubic metres of logs were assumed’.
b) The Consultant used Monte Carlo methods to determine two ships per month were
allowed to undergo fumigation/ventilation during operational hours only and with
randomly selected start times. This means that ventilation emissions (on the 24th hour)
could only occur 13 times between 07-19h each month per ship. This is a total of 156 1hour ventilations a year per ship, or just 1.78% of each year was considered for
modelling. 98.2% of 8760 hours in any year has not been modelled. Therefore one can
realistically conclude that worst case dispersion conditions have not been examined.
c) No night time emissions were considered. This is the preferred time for log containers.
In summary the effect of Methyl Bromide from ship ventilations has been under estimated.
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Figure 2-6.

Log Container ships at berth in the Port of Tauranga showing five full holds of logs. Fumigant
from these holds will not release like a point source.

22. Assumption based around recovery is too high
The Consultant considered various percent recovery of Methyl Bromide during ventilation
and assumed 80%, 90% and 95% recovery in both reports. Typically this refers to the
recapture of Methyl Bromide that remains in the head space at the end of fumigation and
before venting occurs. Recovery rates of 90% and 95% are not supported in the literature
which appears to support a recapture efficiency of 80% - 85% (BOPRC 2019)25 in ideal
conditions and only when the recapture process was run for a longer period using a fresh
recapture solution. . In this same letter, BOPRC points out that it is important to note that
even a relatively high recapture efficiency percentage still leaves a significant residual
concentration in the enclosed space. For example, assuming a starting concentration of 20,500
ppm (80 g/m3) and a nominal 85% recapture efficiency, this results in a theoretical residual
amount of 15%, or the equivalent of 3075 ppm. The actual calculation is complicated by
sorption (absorption and adsorption) into logs and timber (a portion which is unavailable for
recapture). STIMBR has reported that approximately 50% of the applied methyl bromide is
“absorbed into the logs or sawn timber”. The theoretical calculation therefore becomes:
10,250 ppm x 15% = 1538 ppm MB released to atmosphere following recapture, in addition
to the MB desorbing from the timber over time. From this, only results based on a recapture
of 80% have been considered valid.
23. Ventilation equation used by Consultant is most sensitive to the application rate (g/m3)
followed by the volume of residual gas remaining in the head space (m3)
The ventilation equation used by the Consultant is sensitive (in order of sensitivity from high
to low) to the application rate (g/m3), the amount of fumigant remaining (m3) and, the amount

25

Bay of Plenty Regional Council. July 2019. Letter of Response to EPA on Methyl Bromide Reassessment.
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of fumigant left after sorption. A value of 50% sorption was used in the modelling after Hall
et al (2017)26 and appears to be a reasonably conservative value.
In the first round of modelling the Consultant assumed a residual gas head space of 500m3,
but decreased this to 450m3 in the second report. The Consultant considered a 500m3 air
space to be a “very conservative assumption because the expected volume of air would be
substantially lower than this value”. In the second report in Section 3 the consultant again
used the word ‘conservative’ to relate to a now even more reduced residual gas volume of 450
m3, with no justification why this was done. The result of this was to reduce the ventilation
flux by 10% from the first report.
Realistically the volume of the log piles are more like 1200m3 not 750m3 as assumed by the
Consultant. A site visit on 21st August 2019 confirmed that no log piles were 2.5m high, most
were approximately 4-5m high. If you assume the log piles cover the same area of 300m2 (as
used in the modelling) and just allow for the additional height of the pile then the Consultant
has underestimated the amount of fumigant needed to treat the logs and underestimated
the volume of residual gas remaining after fumigation. Table 2-2 provides a summary of
the ventilation flux values using the Consultants values on the left and a larger volume of air
on the right of 600m3. The result is a ventilation flux that is 25% higher than that used in the
Second report.
Table 2-2.

Sullivan ventilation equation and assumptions used in the modelling vs those assuming a
larger residual volume of gas. No recovery factor has been taken into consideration in the
table. The ventilation model used in Sullivan reports, Equation 1 and 2 is very sensitive to
applicant rate, residual volume of gas and percent of sorption.

Ventilation Equation Inputs
Applicant Rate (g/m3) China
Fumigant remaining after
fumigation (%)
Air space to be ventilated (m3)
Area of log pile (m2)
Ventilation Flux µg/m2/s

Sullivan Ventilation Equation
Assumptions
120

Increased residual
gas volume
120

50

50

450 (Mar19)
500 (Jul18)
300
25000.00 (Mar19)
27777.77 (Jul18)

600
300
33333.33*1

Note:
*1
Could be as high as 8,3333 µg/m2/s for a volume of 1200m3

2.4 Model Results
24. Model Results
The model results are presented in Section 4 of the Sullivan reports. The first report reported
the maximum ground level concentrations at 20m downwind for the 90th and 95th percentiles
for 1 hour and 24 hour averaging times. The second report presented the 98th percentile
26

Hall, M. N. Rodriguez, A.Adlam, A.Hall, D.Brash. 2017. Sorption and Desorption Characteristics of Methyl
Bromide during and after Fumigation of Pine Logs. Pest. Management. Science, 73. 874-879.
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concentrations. All the model results for all receptors show the concentrations to be less than
1 ppm. Table 2-3 shows the highest concentrations recorded in those reports at the 95th and
98th percentile for single log piles, multiple log piles, multiple ship and log piles and ships
only.
With regards to the percentile limits chosen. The Consultant on page 5 of the second report
makes the point that;
“In the US the 98th percentile is used for hourly regulatory purposes in terms of the NO2
standards for the EPA Air Program. The US EPA Office of pesticides generally relies on the
95th percentile for regulating fumigants in the US. However, this is the 95th percentile of the
worst case period, i.e., a very different concept than we have used for this analysis. In this
report we show results for the 95th and 98th percentile for completeness”.
The Consultants results as detailed in Table 2-3 are discussed below in point form.
Table 2-3.

The peak 95th and 98th Methyl Bromide concentrations at 20m downwind from both Sullivan
reports representing Tables 8, 9 ,11 from first report and Tables 5 and 7from the second report.
Exceedances of the NZ TEL (1-hour 1ppm at 99.9 th percentile and 24-hour 0.333ppm) are
shown in bold. Note all the modelling assumed log piles were 300m2 in area and 750m3.

95th and 98th Highest
Concentrations
(ppm)

Single Log Piles
1-hour

24-hour

Multiple Log Piles
1-hour

24-hour

Multiple Log Piles and
Ships
1-hour

24-hour

Ships
only
24-hour

th

China 95
0.008
0.210*1
0.041
0.700*2
0.05
0.73*2
500m3 air space
? recovery
China 95th
0.15
500m3 air space
80% recovery
China 98th
0.14
0.20*1
450m3 air space
80% recovery
Note:
*1
Exceedance of California exposure limit of 0.2 ppm for people downwind of Soil Fumigants 27
*2
Exceedance of NZ 24-hour TEL of 0.333ppm

0.031

The following points can be made about the Model Results.
a) No reference was made to the (1 year modelled) New Zealand TEL’s of 1ppm for the
1 hour average assessed at the 99.9th percentile and 0.333ppm for the maximum 24
hour average.
b) NZ 24-hour TEL is exceeded. If the results in the Sullivan reports were compared against
the NZ 1-hour and, 24 –hour TELs, there would be no exceedance of the 1-hour and two
exceedances of the 24-hour TEL for multiple log piles (0.7 ppm) and, when multiple
27

National Research Council (US) Subcommittee for the Review of the Risk Assessment of Methyl Bromide.
Methyl Bromide Risk Characterization in California. Washington (DC): National Academies Press (US);
2000.
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c)

d)

e)

f)

g)

log piles and ships were assessed (0.73 ppm) for a 500m3 air space using the China
application rate at the 95th percentile limit. The US CA 24-hour exposure limit of 0.2ppm
is also exceeded.
24-hour concentrations are higher for all events than the 1-hour concentrations. Why are
the 24-hour concentrations higher than the 1-hour average concentrations? This happens
for single log piles, multiple log piles and, multiple log piles. Why is this? This is not
explained anywhere.
The 1-hour concentration at the boundary is only 5% of the NZ TEL. The 1-hour
concentrations are assessed at the boundary and are lower than the 24-hour average
concentrations. Even for the worst case of multiple log piles and shipping emissions the
1-hour 95th percentile concentration is 0.05 ppm, this means the 1-hour Methyl Bromide
for a potential worst case scenario is just 5% of the New Zealand TEL of 1 ppm. This
simply does not make any sense.
No reference is made to workers removing tarpaulins. Further, the 1-hour concentration
assessed at the boundary is not reflective of workers removing tarpaulins who will be
receiving almost the full amount of residual gas. The Consultant reports do not even make
mention of this.
How has the Consultant computed the 24-hour average? The Consultant has specified the
starting hour of the application, but AERMOD will typically compute the 24-hour
average from midnight to midnight. Has the daily average been computed from the
starting hour of application moving forward?
Neither the procedure nor the results have followed those recommended in Reiss and
Griffin (2008) – User Guide for the Probabilistic Exposure and Risk Model for
Fumigants.

25. Percentile Limits used in the modelling
The Consultant says that they have computed the 95th percentile 1-hour and 24-hour
concentrations. How did this happen? The Consultant makes reference to the US standard
for NO2 which, for the 1-hour standard is 100 ppb at the 98th percentile of the annual
distribution of the daily maximum 1-hour NO2 concentration averaged over 3 years. This
standard is quite clear to understand. But, what is not clear is what the Consultant has
computed as the 24-hour average and from the following sentence in the second report;
“The US EPA Office of pesticides generally relies on the 95th percentile for regulating
fumigants in the US. However, this is the 95th percentile of the worst case period, i.e., a very
different concept than we have used for this analysis”
Suggests that the Consultant has done something counter to what the US Office of Pesticides
recommends. What is the 95th percentile of the 24 hour average? Is it the 90th value of 1800
days, or, is it the 18th highest of 365 days? Or, is it the 95th percentile of the 200 model runs?
26. What are the appropriate percentile limits for Methyl Bromide?
The second Sullivan report made some reference to the appropriate US percentile limits and
stated that the US EPA Office of Pesticides generally relies on the 95th percentile model
results for regulating fumigants. This is true and the 95th percentile limit appears to be the
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most common high-end exposure limit used by US regulators to establish buffer zones (US
National Research Council 2000)28 and Rice and Griffin (2008)29. There are other wellestablished US EPA criteria regarding human health and environmental fate and effects risk
assessments for methyl bromide applications. In one of USEPA’s latest guidance documents
on human exposure assessment (USEPA, 2016), their exposure metric is the 95th percentile at
the edge of the buffer. However, neither the 95th percentile nor the 98th percentile is
supportive of workers at the Port.

2.5 Monitoring
Monitoring is regularly conducted at the Port of Tauranga as it is a key condition of any applicant’s
consents. For instance no ventilation can occur during the hours of darkness without active
monitoring of venting procedures, gas levels and wind conditions. ASG is aware of only two
available monitoring events in the last year where VOCs were monitored at the Port boundary and,
has only explored these two events in order to place the Consultants reports into perspective.
These two known monitoring events occurred on 1 August 2018 at approximately 20h17 and, 22
August 2019 at approximately 03h00. The event on the 1 August 2018 occurred under highly
variable wind directions which varied from easterly at 19h00 to southerly at 19h30 followed by
easterly at 20h00 and then westerly at approximately the time of the recorded event. The wind speed
was around 1 m/s at the time. 4.29 ppm TVOC was recorded more than 400m downwind from the
ship (toward the northeast) and approximately 300m directly east of the ship of 3.3 ppm. The
locations of the monitoring stations are shown in Figure 2-7. It is understood that the monitor that
recorded these values measures a range of VOCs of which Methyl Bromide is just one. Further, it is
also understood that background VOC levels at the Port boundary are typically in the range 0.1 to 0.5
ppm, therefore Methyl Bromide is likely mostly responsible.

28

National Research Council (US) Subcommittee for the Review of the Risk Assessment of Methyl Bromide.
Methyl Bromide Risk Characterization in California. Washington (DC): National Academies Press (US); 2000.
3, Exposure Assessment. Available from: https://www.ncbi.nlm.nih.gov/books/NBK225618/
29
R. Reiss and J. Griffin. 2008. Users Guide for the Probabilistic Exposure and Risk Model for Fumigants
(PERFUM), Version 2.5
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Figure 2-7.

Monitoring station locations for monitoring event on 1 August 2018.

The second monitoring event occurred on the 22 August 2019 in the early hours of the morning from
1h30am to after 03h00. On this occasion all 5 of the ship holds were fully opened within 2 hours and a
peak VOC recording at the Port boundary of 2.4 ppm at 02h24 was measured. There was a prolonged
period of almost an hour of VOC recordings over 1ppm from 02h11 to 03h12. There are some
similarities to the August 2018 exceedance in that the wind speeds remained light during the
ventilation period of around ~ 1 m/s. The main difference between the two events is that the wind
direction on 22 August 2019 was consistently from the north west ranging from 290º at 01h00 to 320º
at 04h00 with only 20 º of variance between 01h00 and 04h00. It is more usual that the wind
direction will fluctuate significantly when the winds are light of around 1 m/s, such as the 2018
incident. The constant wind direction from 23h30 on the 21st August till 04h00 on the 22nd August
was a bit unusual, but this may be due to the overriding synoptic conditions. Figure 2-8 shows the
location of the monitor, approximately 600m downwind of the ventilating ship in a north west wind.
Figure 2-9 shows the VOC time series in ppm from 01h21 to 03h12.
In both monitoring events in 2018 and 2019 the monitors were recording TVOC values > 1 ppm at
distances of 300m, 500m and 600m downwind. This suggests that the Methyl Bromide
concentrations at 10m or 20m from the ship would have been significantly higher. Further, no log
piles were being fumigated at the time. In comparison the Consultant reported a maximum 1-hour
95th percentile concentration of 0.05 ppm, at 20m downwind for an event consisting of multiple log
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piles and ships ventilating. Even if the monitor is recording total VOC of which Methyl Bromide is
one, the Consultants model results do not stack up.
Figure 2-8.

Map showing the location of the BOPRC monitor on the morning of the 22 August, 2019 incident.
The monitor is 500m from the ventilating ship.

Figure 2-9.
VOC monitoring of the incident at Port Boundary on 22 August 2019 from 01h21 to
03h12 am. The Peak reading of 2.4 ppm occurred at 02h24 am.
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3. Discussion and Conclusion
ASG was engaged by BOPRC to conduct a review of a dispersion modelling study of Methyl
Bromide at the Port of Tauranga conducted by Sullivan Environmental over the period July 2018 to
March 2019. Sullivan Environmental was engaged by Stakeholders in Methyl Bromide Reduction to
simulate the expected airborne Methyl Bromide concentrations at the Port of Tauranga. The purpose
of the modelling assessment was to determine the 90th, 95th and 98th percentile airborne concentrations
of the Methyl Bromide fumigant at both the India and China application rates. The Consultant used
AERMOD to simulate ship, single log pile, multiple log piles and multiple log piles and ship
emissions. The results predicted that all the 1-hour and 24-hour averaged concentration results at the
Port boundary were less than 1 ppm.
ASG has conducted this review based purely on the information in the two Sullivan reports. Most of
the methods used in the modelling were not included in the reports and no model control files were
supplied. Therefore ASG has not been able to provide a complete review of the methods and decisions
made by the Consultants and how these may affect the ground level concentrations of Methyl
Bromide.
The review of the Sullivan Methyl Bromide reports were broken up into four separate sections;
meteorology, model choice and switches, source characterisation and emissions and, model results.
Each of these sections was discussed in Section 2. The key findings of each section are briefly
summarised below. Further, a summary table, Table 3-1 has been generated to summarise each point
in Section 2 and provide the expected effect of each point on the predicted Methyl Bromide
concentrations.
Meteorology
The quality of the meteorological data used to drive AERMOD is of a poor standard. The
meteorological data was determined from a numerical weather prediction model operated by a third
party in Canada at 4km resolution over the Port of Tauranga. Little effort was made by the Consultant
to gather real measured meteorological data and no effort was made to evaluate the data in any way.
The key findings of the meteorological data is that the worst case light surface wind speeds are under
estimated by at least 15%. Key surface parameters such as the roughness length, Bowen Ratio and
Albedo, to which AERMOD is very sensitive too are largely incorrect, and not representative of local
conditions. As a result there is very little faith that the meteorology used in the Methyl Bromide
investigation is suitable or real. The combination of too few calm and light winds and incorrect and
too large roughness length values is to under predict the ground level concentrations of Methyl
Bromide.
Choice of Model
Aermod is not the best choice of model for this application, due to the limitations of its steady state
assumption, its inability to handle calms and causality effects and, its inability to have any memory of
the previous hour’s emissions or meteorological conditions. A more serious drawback of the use of
AERMOD in this application is that area sources which have been used to represent all the log piles
do not take into account plume meander. Stronger than expected winds, lack of plume meander for
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areas sources and potential model under predictions due to the likely choice of LOWWIND and
adj_u* imply that the Methyl Bromide under predictions are partly due to the choice of model in this
study.
Characterisation of the Sources and Emissions
The volume capacity of the log piles has been underestimated. The consequence of this is that the
amount of fumigant has been underestimated and the amount of residual gas available for ventilation
has been underestimated. The Consultant’s ventilation equation is very sensitive to residual air
volume space and a small addition in the head space volume results in a significant increase to the
ventilation flux. The Consultant has underestimated the initial vertical dispersion in the first hour of
release. By keeping the initial vertical dispersion small the concentrations at the boundary are likely
lower than they would be if a more reasonable vertical dilution was used at the point of release. Since
the log piles appear to use as much as 77% of the total annual Methyl Bromide usage, it is vital that
they be represented properly. Further, nearly 7% of the annual Methyl Bromide usage is on
containers at the Port at both the Sulphur Point and Mount Maunganui wharves, which has not been
mentioned in the reports. However, the residual gas from container ventilations is expected to be
minor due to efficient recapture from carbon scrubbers.
The ventilation emissions from the ships have also been underestimated as the Consultant only
considered ventilation from 4 holds instead of 5 holds. Further no night time ventilations were
allowed to occur for ships which appears to be the preferred ventilating time. The ship holds would
have been modelled more realistically as 1:1 ratio volume sources than multiple short stacks with little
momentum.
The Consultant relied on a Monte Carlo method to determine randomness for all sources. This
method was used to determine the starting ventilation hours between 07h and 19h and was used to
determine the number of ships ventilating each month. This method was also used to determine the
multiple source event scenarios. However, this approach neglects to take into account the worst case
dispersive conditions or, to account for the worst case scenario of multiple logs and ships on the worst
case dispersion day. The effect of this is to under estimate the methyl bromide concentrations. The
volume of residual gas from the ship holds is significant. By modelling just two ships per month as
per the Monte Carlo method assuming starting times from 07h-19h means just 156 hours of
ventilations were modelled per ship or, 1.78% of all hours in a year. Therefore one can realistically
conclude that poor dispersion days have not been examined.
The methods used by the Consultant to obtain the model results are not clear. The 1-hour 95th
percentile concentration results (438th highest concentration in a year) represent less than 5% of the
NZ TEL when multiple log pile and ship scenarios are fumigated on the same day. These results do
not make a lot of sense. It is anticipated that the concentrations at the 95th percentile will reduce
significantly than say the 99.9th percentile, but not at the rate that these results suggest. Any future
modelling should consider the NZ TELs for each year at the 1-hour 99.9th, 98th and 95th percentile as
well as the maximum 24 hour average. Further it not clear how the Consultant developed the 95th 24hour average. Nor can it be understood why the 24-hour average concentrations are higher than the 1hour values.
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In general this study was not found to be robust. There are multiple instances where better decisions
would have improved the model performance. But, dispersion models are particularly sensitive to the
quality of the surface properties such as land use, terrain, albedo and roughness length as well as the
quality of the meteorology, emission rate, and, how the emission rate was applied. In almost every
instance the choices that were made in the modelling will lead to under predictions and therefore the
modelling has not been conducted in a conservative manner. It my opinion that these results cannot
be relied on and may be significantly under estimating Methyl Bromide concentrations on normal day
to day fumigation and ventilation events when reasonable dispersion is occurring. These model results
do not in any way reflect the potential worst case events of multiple log piles and ships ventilations
when dispersion conditions are poor. Monitoring results have been used in this study in order to put
the modelling into perspective.
A summary table of the main points of Section 2 are provided in Table 3-1 to highlight areas of model
under prediction.
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Table 3-1.

Summary table of the finding of Section 2.

Area of Concern

No.

Comment
Meteorology
Should have used actual measured data
especially for stability and winds

Potential effect
on conc. of
CH3BR

1, 2

No measured data used

5

Wind speeds are too strong. Light
winds <1.8 m/s are underestimated by
at least 15%

WRF is known to produce a strong
wind speed bias. WRF data usually
used alongside surface observations to
mitigate these effects

Under
prediction

8

Because the Land Use data is too
coarse, incorrect and not fully
representative of New Zealand
conditions. The roughness length, a
critical determination of dispersion is
likely too large or, incorrect.

Meteorological file should have been
developed using local data including
surface properties, Bowen Ratio,
Roughness Length and Albedo

Under
prediction

AERMOD as Choice of Model and Set up Options
No information is provided on critical
US EPA concerns with AERMOD
model option switches which can be
LOWWIND options along with
very different depending on what
adj_u*. Effects Versions from 2016
options were chosen. It is expected
on.
that LOWIWND and adj_u* has been
applied

12

AERMOD area sources neglect to
consider plume meander

12

Unknown

Under
prediction

Area sources were assumed for all log
piles and for ships

Under
prediction

Peak concentrations may not be
captured

Under
prediction

The number of receptors used in the
modelling are;
-Too few
13

-Resolution is too coarse
-Do not encompass all sources
sufficiently

Characterisation and Emissions of the Log Pile and Ships in the Model
Log piles and ships should have been
represented as volume sources with a
ratio of 1:1 rather than area sources

14

15,23

Volume of log piles has been
underestimated. Consultant assumed
volume of 750m3 and area of 300m2
(60 long x 5m wide x 2.5m high) log
piles.
Log piles were witnessed to be more
like 4m high.

15

A total of 15,480 kg of Methyl
3-1

AERMOD issues for area sources
recognised by EPA in 2017 White
Paper

Under
prediction

By underestimating the volume of the
log piles means the amount of fumigant
required and the residual gas release
should be higher

Under
prediction

Container fumigation was not
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16

Bromide was used to fumigate
containers on the Port at both the
Sulphur Point and Mount Maunganui
wharves. This amounted to 7% of the
total 2018 Methyl Bromide usage.

considered in the reports, albeit the
residual gas is anticipated to be small
due to efficient capture from carbon
scrubber

Initial vertical dilution of plume at
time of release.

Too small, vertical mixing is
significant from time of release

Possible Under
prediction at
boundary

AERMOD does not use Urban
dispersion rates during stable
conditions during the daytime and uses
the same formulations as in rural areas.
In other words AERMOD does no
urban related adjustments to the
boundary layer characteristics during
the day. Since no ventilation was
allowed to happen at night then the
perceived effect of this switch is
negligible, except possibly during
winter at and around ventilation hours
that coincide with sunrise and sunset

Possible under
prediction for
ventilation
hours at
sunrise and
sunset,
especially in
winter

Operational fumigation was assumed to
occur during day time hours (07h-19h).
This means that ventilation which is
assumed to occur for the 24th hour for
all logs piles and ships will only occur
during the day time too.

Under
prediction.
Worst case
will be light
winds under
stable
atmospheric
conditions, not
captured in the
model

Choice of Urban dispersion in place of
Rural dispersion
(allows the user to incorporate the
effects of surface heating from an
urban area under stable conditions –
enhances dispersion)

17

Do not consider the Port an ‘Urban
Area’, Rural Dispersion option is
recommended instead.

19

Neglected to consider night time
ventilations. This is especially
important for ships which appear to be
ventilating at night with monitoring

20

Monte Carlo method used to
determine randomness to solve
deterministic problem.Worst case
meteorological conditions can only be
found through modelling assuming
ventilation can occur at all hours of a
diurnal cycle. Worst case event which
will involve multiple log piles and
ship hold emissions should be based
on historic records and actual
maximum fumigant used in a day

21

Ship emissions are underestimated.
Consultant assumed 4 holds instead of
5 holds. Each hold includes 5194m3 of
logs.

22.

Recovery assumptions >85% may be
unrealistic
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Monte Carlo method does not capture
worst case meteorological conditions

Under
prediction

and,
Monte Carlo method used to determine
randomness of multiple fumigation
events at one time allowed on 10
random days per year rather than
examined during worst case dispersion
events.

Under
prediction

Under
prediction
Ignore results in reports where
recapture is > 85%

SUBMISSION127599

Model Results
No reference has been made to the NZ
1-hour and 24-hour TELs of 1ppm and
0.333pm assessed at the 99.9th 1-hour
average and maximum 24-hour
average. No reference has been made
to other Intl assessment criteria of
AIHA, OSHA and ACGIH.

24

The 1-hour concentrations only
represent 5% of the NZ TEL. This
does not make sense. Further, the 24hour concentrations are higher than
the 1-hour concentrations
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Under
prediction of
the annually
assessed 1hour
concentration

