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DISCLAIMER

PAEHoImes acts in all professional matters as a faithful advisor to the Client and exercises all
reasonable skill and care in the provision of its professional services.

Reports are commissioned by and prepared for the exclusive use of the Client. They are subject

to and issued in accordance with the agreement between the Client and PAEHoImes. PAEHoImes
is not responsible for any liability and accepts no responsibility whatsoever arising from the
misapplication or misinterpretation by third parties of the contents of its reports.

Except where expressly stated, PAEHolmes doe S not attempt to verify the accuracy, validity or
comprehensiveness of any information supplied to PAEHoImes for its reports.

Reports cannot be copied or reproduced in whole or part for any purpose without the prior written
agreement of PAEHoImes.

Where si te inspections, testing or fieldwork have taken place, the report is based on the
information made available by the client or their nominees during the visit, visual observations

and any subsequent discussions with regulatory authorities. The validity and comprehensiveness
of supplied information has not been independently verified and, for the purposes of this report, it

is assumed that the information provided to PAEHolmes is both complete and accurate. It is

further assumed that normal activities were be ing undertaken at the site on the day of the site
visit(s), unless explicitly stated otherwise.
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1 INTRODUCTION

1.1 Background

Gunns Limited commissioned Pacific Air & Environment (PAE) in 2006 to prepare a
supplementary air quality assessment to the Draft IIS for its proposed Pulp Mill. The rationale

for the supp lementary study was that the original modelling study conducted by GHD, and
contained in the Draft 1S, was not able to include the
data from Gunndés Rowella Air Quality MonitoringdédStation

Terms of Reference.

PAEHolmes has now been contracted by Gunns to prepare an air quality assessment which
covers changes to the pulp mill design , which in turn have implications for emissions and
impacts of Total Reduced Sulfur  (TRS), chlorinated compounds (HCI, CIO 2, Cl,) and sodium
chlorate ( NaClO,).

1.2 Objectives of the Air Quality  Assessment

The main objective of the revised air quality assessmentis to assess the ground -level impacts
of emissions from the main stack, the chemi cal plant, the bleach plant scrubber and fugitive
emissions against the relevant Tasmania Environmental Protection Policy for Air Quality
Management (  EPP [AQ] 2004 ) criteria.

1.3 Scope of Work

The scope of works for the project is as follows:
Collate all necessary data to perform the air quality assessment.

Configure a 3-dimensional meteorological model of suitable domain size and resolution to
adequately represent the area of potential impact.

Configure a n atmospheric dispersion model to determine the ground-level impacts of TRS,
HCI, CIO, and Cl, emissions from the sources listed above and the additional source with
pollutant (NaCIO 3) fort wo scenarios:

Base Case 1 This scenario uses the same plant layout and emissions as was utilised in

the DIIS.
Pulp Mi Il Design Report (PMDR) 1 This scenario dete rmine s the air quality effects of a
new plant layout, changed emissions, and an additional source atthe chemical plant.

Present the results of the above scenarios as:
Contour plots for the relevant averaging tim es.

Graphical representation at each sensitive receptor assessed in the DIIS.

Assess the model results for the two scenarios by comparing with relevant guidelines for
ambient air quality outlined in the Tasmania Environmental Protection Policy for Air Qual ity
Management (  EPP[AQ] 2004 ).

Prepare a report outlining the data and methodology used and the results of the dispersion
modelling.
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1.4 Air Dispersion Modelling within the Air Quality Assessment
Framework

The concentrations of pollutants in the ambient air a re essential to estimate the hazards
associated with the emissions of any given facility. Although monitoring of a pollutant provides
excellent characterisation of its concentrations, it is time consuming, costly and is typically

limited to a few receptor locations. Air dispersion modelling, by contrast, is relatively
inexpensive, is less time consuming, and also provides greater flexibility in terms of receptor
locations, assessment of individual and cumulative source contributions, and characterisation of
concentration over larger areas.

Models have therefore become a primary analytical tool in most air quality assessments.
Monitoring can be used in a complementary manner to dispersion models, and is particularly

useful in assessing the accuracy of model e stimates, especially when the predicted
concentrations approach levels set out in relevant air quality guidelines.

1.5 Units Used in the Report

Two systems for expressing the concentrations of air pollution are now in common use. Firstly,
concentrations may b e expressed in parts per million (ppm), or as parts per billion (ppb). There

is some ambiguity about these units. Usually what is meant is ppb or ppm by volume, that is, a

mixing ratio. However, ppb or ppm by weight, or also parts by weight per million parts by
volume are possible interpretations.

The second option is to use either mg/m 3 or ug/m?3. These units are consistent with the
System International. In order to convert between ppb and ug/m 3, a conversion factor is used
that contains the molecular weight of the pollutant.

Some authorities use only one system (EU and WHO use ug/m 2), while others use both systems
of units for standards. Conversion from one system to another can generate awkward numbers,

and authorities using both systems often round off converted numbers for the sake of simplicity.
The modelling output for this study is in pg/m 3.
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2 LEGISLATIVE FRAMEWOR K

The Tasmania Environmental Protection Policy for Air Quality Management ( EPP [AQ] 2004)
states that no source of air pollution should be permitted to emit a pollutant in a manner or
quantity that would prejudice compliance with the Air NEPM. In addition, the Policy states that

emissions of a pollutant should not cause the design criteria of that pollutant to be exceeded

beyond the boundary of the industrial activity (DTAE, 2004).

The boundary of the proposed Pulp Mill is shown in Figure 2.1.

[

Figure 2.1: Gunns Property Boundary (shown by yellow line) (source: Gunns).
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The relevant design ground  -level concentration criteria for the proposed pulp mill were obtained
from the Environmental Protection Policy (Air Quality) ( Table 2.1).

Table 2.1: Offsite design criteria.

Pollutant Design Criteria Averaging Allowed
Period Exceedances
pg/m °

TRS ® 15 - 3-minute 9
Cl; 100 0.033 3-minute 9
HCI 200 0.2 3-minute 9
ClO, 10 0.003 3-minute 9
NaClOs" 6 - 24 -hour 0

a. Applicable to bleached eucalypt kraft pulp mills
b. Ontariobs Ambient Air Quality Criteria (OME, 2008)

Sodium chlorate ( NaClO3) is a white, hygroscopic, crystalline solid used to derive chlorine
dioxide for the pulp and paper industry . It is a strong oxidant, not combustible but reacts
violently with combustible and reducing materials. As no ambient air quality or occupational
health and safety guidelines exist in Australia for NaClO3, guidelines were sought from other
countries. Consequ ently, the 24 -hour NaClOj air quality criterion for Ontario, Canada was used.

The odour threshold for TRS varies from 4.5 pg/m % for methyl mercaptan to 9 pg/m 3 for
hydrogen sulphide ((US EPA, 1979). In addition, the Ontario Air Quality criterion for TRS
(odour)is 13 pg/m 3 fora 10 -minute exposure (OME, 2008).
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3 EMISSION S TOAIR

3.1 Sources of Emissions

The key sources of TRS, HCI, CIlO,, Cl, and NaClO; emissions associated with operation of the
new Pulp Mill design include:

The main stack (recovery boiler, lime kiln, NCG incineration and power boiler).
The bleach plant scrubber.

The chemical plant (CIO , scrubber, hydrogen scrubber, reaction gas scrubber , Chlorate dust
scrubber).

Fugitive emission fromthe waste water plant
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4 CLIMATE AND METEOROL  OGY

4.1 General Climate of the Area

Tasmania has a cool, temperate ~ maritime climate with four distinct seasons. The proposed pulp
mill , located in the Tamar Valley in Northern Tasmania , is surrounded by hills and mountains.
With this topography and the relatively high lat itude of the location , weather patterns are
variable.

The warmest months are in January and February with an average air temperature range of
122 °C up to 24.4 °C (Table 4.1). There is an average of 4.3 days a year over 30°C. The

highest recorded temperature was 39 °C on 30 January 2009 during the 2009 South -eastern
Australia heat wave. Winters are cool with minimu m temperatures dropping below 2 °C an
average of 61 days a year. The coldest month is July, with an a verage temperature range of

2.2°C - 125 °C.

Winter is the season with the least amount of wind. Because of this and the topographical effect
of the Tamar Valley, winters are renown ed for foggy mornings. The average annual rainfall, with
moderate to low variability is 665 mm, falling on an average of 88. 8 days a year. The regular

passage of frontal systems is chiefly responsible for winter being the wettest season.

Table 4.1: Climate Statistics for Launceston (1980 -2009) (Source: BoM, 2009 )
Jan 24.2 12.2 36.8 5.4 12 20.7 69 49
Feb 24.4 12 24.8 4.2 9.3 18.5 74 49
Mar 22.4 10 313 4.3 8.3 17.5 77 48
Apr 18.8 7.5 41.6 6.6 8.6 17.4 81 56
May 15.8 5.1 52 7.2 7.5 151 89 63
Jun 13 2.9 61 8.7 6.3 134 91 68
Jul 125 2.2 74.2 10.1 6.7 14.5 92 69
Aug 13.8 3.6 67.1 10.9 9.4 18.8 86 63
Sep 155 5.2 69.8 10 12.7 20.7 79 59
Oct 18 6.9 49.9 8.3 12.7 21.4 75 54
Nov 20.4 8.8 50.4 7 12.8 21 69 52
Dec 22.4 10.6 43.6 6.1 13 20.8 66 49
Ann 18.4 7.2 665 88.8 9.9 18.3 79 56

4.2 Meteorology for Modelling

4.2.1 Wind Speed and Direction

The general features of the 10 m winds are illustrated in the wind rose diagrams for the
proposed Pulp Mill site for the period August 2006 T July 2007 ( Figure 4.1).

The wind roses show the frequency of occurrence of winds by direction and strength. The bars
correspond to the 16 compass points T N, NNE, NE, etc. The bar at the top of each wind rose
diagram represents winds blowing from the north (i.e., northerly winds), and so on. The length

of the bar represents the frequency of occurrence of winds from that direction, and the widths
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of the bar sections  correspond to wind speed categories, the narrowest representing the lightest
winds.
The major features of the wind roses are as follows:

The wind direction shows a bimodal distribution, with winds from the southeast and
northwest dominating;

Highest speeds occur with winds from the north west and are associated with sea breeze or
synoptic flow ;

Highest frequency of low wind speeds occur from the east -southeast. These winds
represent the cold air drainage flow along the Tamar Va lley ; and

Calm co nditions occur for  11.6 % of the time

CALMET DAT: Interpolsted to (X Y km=( 493.751 5443.7595) in MODEL Projection

Height = 10.00 m; [Aug 1, 2006 - 2:00:00 &M to Jul 31, 2007 - 11:00:00 Ph]

Annualldan to Dec): Total Periods = §755; Valid Periods = 5755 (100%); Calm Wind Period= = 1014
H

HHW HHE

W EHE

\\ wy O
3 15%

0%
- fom B
w — }‘!, ———am E
o 8
N v
wsw ESE
W SE
SEW &SE Calm Winds [«5.0E-01 mds] = 11.578%
g B - 05018 mis
= 18t 33mss
N - 3oto5.4mis
= Sdt0 3.5 mis
= 8510 10.8 mds

I - 02+ mis

Figure 4.1:Annual CALMET -derived wind rose: Proposed Pulp Mill site (August 2006
July 2007)

Figure 4.2 shows the frequency distribution of wind speed at the Pulp Mill site (10 -metre level)
for the 2006 -2007 modelling period. A bimodal distribution of wind speed is evident from the

figure, with a peak frequency at 0 .5-1 m/s and another peak frequency at 4 -6 m/s. Wind
speeds < 2 m/s occur for 50 % of the time.

3685 Gunns - Revised Pulp Mill Air Quality Assessment Final.docx 7
Air Quality Assessment: Revised Pulp Mill Layout and Emissions
Gunns Limited | PAEH olmes Job 3685



Wind Speed Frequency Chart
18%

16%

14%

12%

Frequency

10%
8%
6%
4%
2% I
0% T T T r r r —
1.5 2 25 3 4 6 8 10

0 05 1 =10
Wind Speed (m/s)
Figure 4.2:Wind speed frequency

4.2.2 Temperature
Air temperature is important in influencing the buoyancy of plumes emitted into the
atmosphere. Buoyancy affects the extent of plume rise, with more buoyant plumes tending to
rise higher above the ground, thus reducing the ground level impact.
Average hourly temperature for the proposed Pulp Mill, as extracted from CALME T, is presented
as a thermo -isopleth map in  Figure 4.3. Consistent with the climate average , February 2007 is
the warmest month with a maximum tempera ture of 24°C occurring between 2pm and 4pm.
The coldest month is June with average minimum temperatures <6°C occurring between 2am
and 9am and maximum temperatures of between 11° and 12°C occurring between 1pm and 5
pm.
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Figure 4.3:Thermo -isopleth for Gunns Pulp Mill site (August 2006 T July 2007 ).
4.2.3 Atmospheric Stability
An important aspect of plume dispersion is the atmospheric turbulence level in the atmospheric
boundary layer, the lower 1 km or so of the atmosphere where plumes mix and interact with the
ground. Turbulence causes random motions that exchange packets of the plume with packets of
clean surrounding air and so dilutes a plume. As turbulence increases , the rate of plume

dilution , or diffu sion, increases. Weak turbulence limits plume diffusion and is a critical factor in
causing high plume concentrations downwind of a source, particularly when combined with very
low wind speed.

Turbulence is related to the vertical temperature gradient & wh ich determines what is known as
stability, or thermal stability . For traditional dispersion modelling using Gaussian plume

& Usually considered by meteorologists as the rate at which temperature decreases with increasing height,
also known as the temperature lapse rate. The lapse rate and the gradient are numerically the same but if
one is positive, the other is negative.
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models, categories of atmospheric stability are used in conjunction with other meteorological
data to describe atmospheric condition s and thus dispersion.

The most well -known stability classification scheme is the Pasquill -Gifford scheme, which
denotes stability classes from A to F. Class A is described as highly unstable and occurs in
association with strong surface heating and light winds, leading to intense convective turbulence
and much enhanced plume dilution. At the other extreme, class F denotes very stable conditions
associated with strong temperature inversions and light winds, which commonly occur under

clear skies at night an d in the early morning. Under these conditions plumes can remain
relatively undiluted for considerable distances downwind. Intermediate stability classes grade

from moderately unstable (B), through neutral (D) to slightly stable (E). Whilst classes A and F

are strongly associated with clear skies, class D is linked to windy and/or cloudy weather, and

short periods around sunset and sunrise when surface heating or cooling is small.

As a general rule , over land unstable (or convective) conditions dominate dur ing the daytime
and stable flows are dominant at night. This diurnal pattern is most pronounced when there is

relatively little cloud cover and light to moderate winds. Table 2.2 summarises the conditions for
the various stability classes

Table 4.2: Conditions associated with the various stability classes

A Extremely Unstable Extremely strong sunshine (midday) and light winds (<2 m/s)

B Moderately Unstable Strong or moderate Sunshine and wind speed between 2 and 5 m/s

C Slightly Unstable Slight Sunshine with wind speeds between 2 and 5 m/s

D Neutral Occurs during overcast conditions and when there is sunshine
E Slightly Stable Slightly cloudy nights with low wind speeds

F Moderately Stable Clear nights with low wind speeds

The frequency distribution of estimated stability classes over the proposed Pulp Mill as extracted
from the meteorological file is presented in Figure 4.4. The data show a high proportion of class

F conditions (43 % of hours), and a total of 4 8% of hours with either E or F class. Class A and B
conditions occur for 19 % of the time.

The relatively high frequency of stable conditions (as indicated by the high portion of class E, F,
A and B stability) at the site is expected, given the relatively hi gh occurrence of low wind speeds
(< 2 m/s) (see Figure 4.2).

® For current modelling, turbulence is calculated internally for CALPUFF using Monin -Obukhov Similarity
Theory (http://amsglossary.allenpress.com/glossary/search?id=monin -obukhov -similarity -theoryl )
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Figure 4.4: Percentage frequency of Pas quill - Gifford stability class (August 2006 i July
2007)

4.2.4 Mixing Height

Mixing height is the depth of the atmospheric surface layer beneath an elevated temperature

inversion. It is an important parameter within air pollution meteorology. Vertical diffusion or
mixing of a plume is limited by the mixing height, as the air above this layer tends to be stable,

with restricted vertical motions.

A series of internal algorithms within CALMET is used to calculate mixing heights for the subject
site where itis assume d that mixing height is formed through mechanical means (wind speed)
at night and through a mixture of mechanical and convective means (wind speed and solar

radiation) during the day (Scire et al. 2000; US EPA, 2000). During the night and early morni ng
when the convective mixed layer is absent or small, the full depth of the planetary boundary
layer ( PBL) may be controlled by mechanical turbulence. During the day, the height of the PBL
during convective conditions is then taken as the maximum of the estimated (or measured if
available) convective boundary layer height and the estimated (or measured if available)
mechanical mixing height. It is calculated from the early morning potential temperature
sounding (prior to sunrise), and the time varying surf ace heat flux to  calculate the time

evolution of the convective boundary layer.

The hourly variation of mixing height is summarised in Figure 4.5 with the diurnal cycle clearly
evident. At night, mixing height is normally low and after sunrise it typically increases to
between 600 mand 1,300 m in response to convective mixing generated by solar heating of the

Earthdéds surface. A r agoheight conemences taroumdhsunisat, when convective
mixing ceases and a mechanical mixing regime is re -established. The high variability of mixing
heights, especially at night, reflects the variability of wind speed.
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Figure 4.5: Estimated Mixing Height Statistics at the Pulp Mill  for200 6-200 7 (from
CALMET)

3685 Gunns

- Revised Pulp Mill Air Quality Assessment Final.docx
Air Quality Assessment: Revised Pulp Mill Layout and Emissions
Gunns Limited | PAEH olmes Job 3685

12




d homes

5 EXISTING AIR QUALITY

Gunns maintains a n ambient pollutant monitoring station at Gunns Rowella (location shown in
Figure 6.6) in order to characterise the background levels of SO,, NO,, PM;o and TRS. The land
use surrounding the monitoring station , situated on the left bank of the Tamar River, is
predominantly rural. However , several major facilities exist in the Bell Bay industrial precinct

approximately 5 km to the northwest of the monitoring station

The measured 3 -minute TRS concentration at Rowella for the period corresponding to the
modelling year ( viz. 2006/2007) is noisy, with a large scatter with both positive and negative
values. This scatter can be represented by a Gaussian distribution (Hibberd; 2007 ) with a mean
of 0.17 ppb and a standard deviation of 0.25 ppb. As with Hibberd  (2007), the close fit to the
Gaussian curve to the data suggests that most of the data is noise with a background

concentration of 0.17 ppb (0.25 pg/m 3e,
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Figure 5.1: Frequency distribution of 3 -minute TR S data from August 2006 to July 2007.

¢ Conversion assumes all TRSisH ,S
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The measured 14-day TRS concentration measured at the EPA station near  Rowella for the

period corresponding to the modelling year ( viz. 2006/2007) is shown in Figure 5.2.
Concentrations are on average 0.1 ppb (0.14 pg/m %), which are marginally above the
instrument detection threshold of 0.03 ppb (0.04 pg/m 3.
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Figure 5.2:Weekly TRS concentration (in ppb) measured at the EPA Rowell a station
(source: Tasmanian EPA, 2009).
6 DATA AND METHODOLOGY
This section explains the approach taken to predicting ground -level concentrations associated

with em issions from the proposed pulp mill.

6.1 Meteorological Data Quality

Dispersion modelling is a form of applied meteorology, which depends critically on the use or
simulation of meteorological data, and should be of an appropriate, verifiable standard in order

to achieve the best results.

Regulatory dispersion modelling for every hour in the analysis period requires a meteorological
record for every hour. Most dispersion models will not run successfully if they encounter missing
meteorological data. Substitution for missing or invalid data is allowed for up to 10 percent of
the data; conversely, the meteorological data base must be 90 percent complete (before
substitution) in order to be acceptable for use in regulatory dispersion modelling (US EPA, 2000;
BCME, 2 008). The following guidance is followed for assessing compliance with the 90 percent

completeness requirement:

Lost data due to calibrations or other quality assurance procedures is considered missing.
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ckup, collocated sensor is available.

The 90 percent requirement applies to each of the variables wind direction, wind speed,

stability, and temperature.

Meteorological data supplied by

Gunns and

the Tasmanian EPA
modelling was assessed for completeness. The result of this assessment is summarised in

6.1. The Gunns Rowella station recorded >90 % data completeness
remaining stations recorded between 0% and 99% data completeness.
lowest d ata completeness at  between 51% and 53%

Table 6.1: Data completeness (%) for the
utilised in the modelling

Gunns Rowella 98.6
Rowella 89.7
Riverside 71.3
Tippogoree 51.7
Hills

Pipers River 78.1
Beauty Point 78.9
Port Sorrel | 77.6
George Town 76.6
Deviot 99.0

98.6
89.7
71.2
51.7

78.3
78.8
77.8
76.6
99.0

(on behalf of GAMS ) for the
Table

for all parameters . The

Tippogoree Hills has the

meteorological stations and parameters

98.6
89.6
76.2
52.6

78.3
78.2
77.8
76.6
99.0

1. Data completeness after data removal due to quality issues.

The data was also assessed for outlier values. For example:

1

91.1
89.4
61.2
52.6

63.6
78.2
77.8
69.9
0.0

Wind speeds greater than 30 m/s and lower than O m/s were removed;

Temperatures lower than -10°C and higher than 50

°C were removed;

90.3
0.0

75.9
52.6

78.3
78.2
77.8
76.6
99.0

Relative humidity ~ values lower than 0% and higher than 100% were removed; and

Station pressures lower than 920 hPa and higher than 10

50 hPa were removed.

Unusual data ( e.g. extremely low or high temperature; high wind speed
compared against data for the corresponding time at other
stations for continuity. Any outlier data were then removed.

occurring at a particular station were

6.2 Dispersion Modelling Methodology

, relative humidity

Plume dispersion modelling has undergone significant refinement in recent years. Steady state
Gaussian plume air dispersion models such as AUSPLUME and AERMOD, which have formed the
basis of air dispersion assessment for many years, are now being replaced by a generation of
more sophisticated three  -dimensional models, such as CSIRO's TAPM and CALPUFF, which
endorsed by the US EPA. Gaussian models remain suitable for relatively simple, screening level

assessments. These new models

incorporate many additional

influences ignored by the steady state Gaussian models but which are know
impact upon plume dispersion in many situations.

algorithms that simulate

n to significantly

The steady -state Gaussian plume models use a relatively simple methodology. They assume
that for each hour all meteorological conditions, most notably wind speed and direction, are
fixed for that hour. They also assume that meteorological conditions do not vary from location
to location, i.e,. the wind field is assumed to be constant over the modelling domain. During
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any particular hour under consideration, the plume from the source is a ssumed to travel in the
direction of the wind, and disperse at a rate determined by the current meteorological
conditions. In the next modelled hour, the model assumes that the plume instantly changes

direction to align itself with the new wind direction a nd the plume from the previous hour ceases
to exist. In other words, all information about the previous hour of modelling is discarded.
Therefore, variable plume trajectories caused by wind changes, or variable rates of plume
diffusion, cannot be handled by this approach.

The key assumptions inherent in the steady -state Gaussian plume dispersion models may be
summarised as follows:

Meteorological parameters remain constant for the period of one hour.

Meteorological parameters remain fixed over the entire modelling domain, which often
includes all regions within 10 km or more of the source.

In the vertical, most meteorological parameters either remain constant (e.g., wind
direction) or vary according to generic formulae (e.g., wind speed, temperature) that are
seldom, if ever, validated for the site.

The height of the mixing layer remains constant for the entire region.
In situations where terrain is complex, for example, the assumptions are invalid so that they are

no longer a useful basis for prediction of plume behaviour.

The main sets of conditions under which ISC3, AERMOD and similar models tend to be
outperformed by more sophisticated models such as CALPUFF are:

Very light winds;

Stable conditions, associated with surface temperature inversions and ofte n drainage flows
along valleys and gullies;

Coastal site s; and

Complex terrain situations;

6.2.1 Selected Models and Methodology

Due to the terrain of the proposed site options, CALPUFF, a puff model currently considered the

state -of-the -art in regulatory modell  ing, has been utilised for the study. CALPUFF is a USEPA -
recommended air quality model for long -range transport or for areas of complex terrain which
accounts for dispersion under winds that vary spatially due to mountains and valleys. The
applicability of CALPUFF for this assessment has been confirmed in consultation with the
Tasmanian EPA .

The air dispersion modelling conducted for this assessment has been based on the modelling
approach outlined in  Figure 6.1. The following sections describe these models in more detail.
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Figure 6.1 Modelling Methodology Utilised in this Study
6.2.2 TAPM

The Air Pollution Model, or TAPM V4, is a three dimensional meteorological and air pollution

model developed by the CSIRO Division of Atmospheric Research. Detailed description of the

TAPM model and its performance is provided elsewhere, (Hurley, 2008a, 2 008b; Hurley et al .,
2002a, 2002b).

TAPM solves the fundamental fluid dynamics and scalar transport equations to predict
meteorology and (optionally) pollutant concentrations. It consists of coupled prognostic
meteorological and air pollution concentration components. The model predicts airflow
important to local scale air pollution, such as sea breezes and terrain induced flows, against a
background of larger scale meteorology provided by synoptic analyses.

Modelling meteorological conditions using TAPM ha s proven to be an effective method of
providing datasets required by CALMET. Surface and upper air point can be extracted from any
grid point in TAPM and can be used as surface or upper air stations in CALMET.

TAPM was set up with 3 domains , each composed of 76 grids along the x and the 81 grids along
the y axes. Each domain had a resolution of 10 km, 3 km and 1 km respectively. The model
domain was centred on latitude 41e12 .56 S and | of&itude 147¢

3685 Gunns - Revised Pulp Mill Air Quality Assessment Final.docx 17
Air Quality Assessment: Revised Pulp Mill Layout and Emissions
Gunns Limited | PAEH olmes Job 3685



d homes

The meteorological conditions for the domain were simulated from August 2006 to July 2007.
Missing meteorological variables required by CALMET, such as upper air data, were extracted
from the TAPM output at the following location : 505500 m East, 5455715 m North d

6.2.3 CALMET

CALMET is a 3 -dimension al meteorological pre -processor that includes a wind field generator
containing objective analysis and parameterised treatments of slope flows, terrain effects and

terrain blocking effects. The pre -processor produces fields of wind components, air
tempera ture, relative humidity, mixing height and other micro -meteorological variables to
produce the three -dimensional, spatially - and temporally -varying meteorological fields that are
utilised in the CALPUFF dispersion model.

Observed hourly surface data on win d speed, wind direction, temperature, surface pressure and
relative humidity from Gunns i Rowella, Rowella, Riverside, Tippogoree Hills, Pipers River,
Beauty Point, Port Sorrel, George Town and Deviot were used as input for CALMET. Upper air

data from TAPM were also input to the model. CALMET has the ability to produce the
meteorological fields with only one surface station recording data at any given hour, thereby
overcoming any limitations imposed by incomplete observational data (see Section 6.1).

The methodology CALMET uses is as follows: Firstly, the upper air data is utilised to create a

gridded 3 -D dataset using an objective analysis procedure. Then terrain effects ( i.e . topographic
blocking/deflection, acceleration and katabatic flow) are incorporated into the data to create a
i Guessodo field. Finally, the observed sutGuees daftiaelad et d

create an hourly, three -dimensional regional meteorological field for each site for the period
August 200 6-July 200 7.

For the purposes of modelling, a high -resolution terrain dataset was extracted from the 3 -

second resolution (approximately 100 m) Shuttle Terrain Radar Mis sion (SRTM)from NASAOG6s Jet
Propulsion Laboratory . The high -resolution land use data was provided by the Tasmanian EPA

This data is used to determine the terrain effects on the meteorological fields as described in the

previous paragraph

The gridded meteo rological domain covers a 30 km x 28 km area, with the origin (SW corner) at
476172 m Easting and 5432001 m Northing (UTM Zone 5 5 S). This consists of 1 50 x 1 40 grid
points, with a 0.2 km resolution along the x and y axes. In the vertical, the model consis ts of 8
levels extending from the surface to 2, 680 m. A one hour snapshot of the wind field created by
CALMET is illustrated in ~ Figure 6.2°. The drainage flow along the Tamar river valley is apparent

in this example.

9 This location was selected on th e boundary of the modeling domain so that the prognostic data, as
simulated by TAPM, would not exert as important an influence on the surface wind fields as the
observational data used.

¢ The figure depicts wind vectors where the arrows indicate the wind flow direction and the length of the
arrows indicate wind speed.

3685 Gunns - Revised Pulp Mill Air Quality Assessment Final.docx 18
Air Quality Assessment: Revised Pulp Mill Layout and Emissions
Gunns Limited | PAEH olmes Job 3685



Land Use
5455
‘-"s. f Snow/lce
bl ok
E Tundra
5450 %
P
= \ Barren
g i
= -~ Wetland
E= .
2 ;
S 5445 - | Water
'...
= Forest
Range
5440 Agriculture
Urban/Built-Up
5435
UTM East (km)
Figure 6.2: Example One Hour Snapshot Wind Field Predicted by CALMET for an hourin  July 2007
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6.2.4 CALPUFF

CALPUFF (Scire et al ., 2000) is a multi  -layer, multi -species non -steady state puff dispersion
model that can simulate the effects of time and space varying meteorological conditions on
pollutant transport, transformation and removal. The model contains algorithms for near -

source effects such as building downwash, partial plume penetration, sub -grid scale interactions
as well as longer -range effects such as pollutant removal, chemical transformation, vertical wind
shear and coastal interaction effects. The model employs disper sion equations based on a

Gaussian distribution of pollutants across the puff and takes into account the complex
arrangement of emissions from point, area, volume, and line sources.

CALPUFF is a US EPA regulatory model for long -range transport and for regi ons of complex
topography and meteorology (US EPA, 2005). The model has been extensively used by
PAEHoImes in studies across Australia and elsewhere.

As with any air dispersion model, CALPUFF requires inputs in three major areas:

Pollutant emission rate;

Emission source characteristics;
Surrounding buildings;

Local topography and land  -use;
Meteorology of the area; and

Receptor network

6.3 Building Wake Effects

The dispersion and rise of plumes may be significantly modified by the presence of buildings or
structures interrupting the normal wind profile. Wind field patterns near buildings exhibit three
characteristics that impact on plume behaviour including:

A displacement zone upwind of the building, where flow is influenced by high pressure
along the upwi nd building face;

A cavity zone immediately downwind of the building, characterised by recirculating flow,
high turbulence and low mean wind speed; and

A turbulent wake region further downwind where flow characteristics and turbulent
intensity gradually ap  proach the ambient values.

Plumes that become entrained in the turbulent winds in the vicinity of buildings can be
subjected to turbulent downwash, which may result in plumes grounding in the immediate

vicinity of the stack. This leads to elevated or exces sive ground level concentrations of
pollutants close to the source. Figure 6.3 indicates the wind patterns around buildings or
structures that need to be modelled where building wakes may be significant.
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Figure 6.3: Wind Patterns around Building s (after Hanna etal ., 1982).
Building downwash and cavity effects are complex technical issues that have important
ramifications in the field of air quality dispersion modelling. Building downwash algorithms have
therefore been developed for air quality dispersion models such as AERMOD and CALPUFF.
The following equation is used to determine build ing downwash effects:

hszhb+l.5|_ b

where hg : stack height
hy, : building height

Ly : the lesser of either building height or maximum projected building width.
If the stack height is equal to or greater than h p +1.5L 4, downwash is unlikely to be a problem.

Wake effects are assumed to occur if the stack is within a rectangle composed of two lines
perpendicular to the wind direction, one at 5L p downwind of the building and the other at 2L b
upwind of the building, and by two lines parallel to the wind direction, each at 0.5L  ,, away from
each side of the building. L is the lesser of the height and projected width of the building for

the particular direction sector.

The impact of building wakes on plume dispersion is modelled using a standard package (BPI P-
PRIME). BPIP -PRIME uses heights and corner locations of buildings in the vicinity of the plume

to simulate the effective height and width of the structures. The downwash algorithm calculates

effective building dimensions relative to the plume, resolved d own to ten degree intervals.
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CALPUFF then calculates the impact of these buildings on plume dispersion and consequently on
ground level concentrations.

Building downwash effects were calculated for all the sources and buildings presented Figure
6.4. All the information on buildings has been supplied by Gunns .

Image © 2009 DigitalGlobe!

©2009 MapData Sciences FtyLtd,|IPSMA F MGOOS[C

: -
-
Imagery Date: Apr 4, 2003 55'G 493659.19.m E 5443869.27.m'S elev. '0'm Eye alt 634 m

Figure 6.4: Buildings used to determine plume downwash. Stacks are also depicted in
the figure.

6.4 Sub -hourly time

The DTAE Environmental Protection Policy (Air Quality) for TRS, ClI 2, HCl and CIO , are prescribed
as 3 -minute averages. To generate these concentrations, the power -law conversion formula

Csmin = C gomin % (60/3) 02

was applied. In this formula, C amin 1S the 3 -minute concentration and C  gomin IS predicted peak

hourly value. As is evident from this formula, the short -term peak is about 1.8 times the hourly
value.
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6.5 Dispersion above Warm Water Bodies

The effluent treatment ponds contain warm effluent from the process, which is a potential
source of heat to the atmosphere.

Taylor (2007) used c¢ omputational Fluid Dynamic (CFD) modelling to investigate the
development and potential rise and enhance ment of vertical  dispersion of plumes evolving from
atmospheric flow over heated bodies of water. The principal aim of the study was to investigate

plume development and growth directly over hot ponds (with an average temperature of 35°C ),
thereby providin g improved initiation for Gaussian -based dispersion models through better
representation of the initial plume height and vertical dispersion.

The results of the  CFD modelling indicated that enhanced vertical spread, plume rise and lift - off
were clearly evi dent for the along -wind cooling pond configurations, under both neutral and
thermally stratified ambient atmospheric conditions (Taylor, 2007) (  Figure 6.5).

The dispersion modelling ~ for both the DIIS and PMDR scenario s have incorporated these effects
by modelling the emissions from the effluent treatment ponds (water temperature of 35 °C) as
an hourly -varying buoyant area source file.

In addition, the continual aeration process associated with the effluent treatment pond will
result in mixing of odorous compounds into the overlying air. Consequently, this mixing process
was simulated in both the DIIS and PMDR scenarios by assigning an initial

deviation of the pollution concentration with height) of 5 m in the model.
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Figure 6.5: Cross section of CFD modelling, showing the plu me rise downwind of the
heated pond (upper), compared to actual steam rise from the pond (after Taylor,
2007).
6.6 Model Inputs
6.6.1 Meteorological Data
Hourly meteorological data from Gunns -Rowella, Rowella, Riverside, Tipogoree Hills, Pipers

River, Beauty Point,  Port Sorrel, George Town , Deviot and TAPM were incorporated into the
CALMET model as described in Section 6.2.3 .

6.6.2 Source and Emissions Data

The s ource details for point and area sources used in the DIIS and the modified Pulp Mill are
provided in Table 6.2. All input data were supplied by Gunns .
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Table 6.2: Source parameter d

ata (source:

Gunns ).

DIIS Scenario Mill Bleach Chemical
Stack ?# Plant Plant
Scrubber
X-coordinates ( UTM km) 493.781 493.845 493.295
Y-coordinates ( UTM km) 5443.797 5444.048 5444.545
Stack Height (m) 126 45 20
Stack Diameter (m) 5.66 0.9 0.2
Exit velocity (m/s) 25.24 19.0 4.5
Exit Temperature (°C) 178 60 28
TRS emission (g/s) 0.467 ° Nil Nil
1.15°
2.03°
HCI emission (mg/s) 0.8° Nil Nil
0.9°
Cl, emission (mg/s) Nil Nil 18.6°
28.7 °©
ClO , emission (mg/s) 44° 26.6 "
71° 26.6 ¢

PMDR Scenario Mill Bleach Chemical Chlorate Chlorate
Stack ?* Plant Plant Dryer Dust
Scrubber | Scrubber
X-coordinates ( UTM km) 493.903 494.024 493.657 493.630 493.623
Y-coordinates ( UTM km) 5443.680 5443.873 5443.739 5443.747 5443.764
Stack Height (m) 130 63 24 24 12
Stack Diameter (m) 5.92 1.2 0.583 0.762 0.508
Exit velocity (m/s) 21.7 4.0 5.9 16.4 15.8
Exit Temperature (°C) 178 78 39 40 40
TRS emission (g/s) 0.467 ° Nil Nil Nil Nil
1.01°¢
2.03°
HCI emission (mg/s) 0.8° Nil Nil Nil Nil
0.9°
Cl, emission (mg/s) Nil Nil 53" Nil Nil
16.7 ¢
ClO , emission (mg/s) Nil 10° 11.0° Nil Nil
20° 16.5°
Na ClO; emission (mg/s) Nil Nil Nil 228° 9.7"°
65.3 ¢ 278 °¢
130.6 ° 55.6 ¢

Modelled as single source but contains five flues for recovery boiler, lime kiln, biofuel boiler, NCG
incinerator/boiler gases and CNCG by -pass.

Average emission rate

Maximum continuous  emission rate

Short term maximum emission rate

It is expected that TRS emissions from the main stack  will occur at average rates for 99.67% of

the time, maximum continuous rates for 0.3% of the time and short term maximum rates for

0.03% of the time Similarly, it is expected that average HCl emissions will occur for
approximately 99.7% of the time, and maximum continuous rates for 0.3%. Average emissions
from the Bleach Plant Scrubber are expected to occur for approximately 99% of the time with

maximu m continuous  emissions occurring for approximately 1% of the time (Gunns, pers.
comm. 2009).
Source locations  of the effluent plant remain unchanged from the DIIS (PAE, 2006). However,

emission rates decrease  from a total of 13.7 mg/s in the DIIS scenario to 7.9 mg/s (average),
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and from a total of 50.03 mg/s in the DIIS scenario to 22.0 mg/s (maximum continuous) for the
PMDR scenario. These emissions are expected to occur for >99% and 0.3% of the time
respectively (  Pers. comm ., Gunns, 2009).

6.6.3 Receptor Locati ons

A grid of 100 x 95 receptors spaced 100 m apart w as used in the CALPUFF modelling . In
addition, 13 discrete receptors , consistent with the DIIS |, were used to characterise sensitive
locations in this study . Figure 6.6 graphically presents the locations of the se receptors.
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Figure 6.6: Discrete Receptor Locations

6.7 Limitations and Accuracy of Modelling

Atmospheric dispersion models represent a simplification of the many complex processes
involved in determining ground level concentrations of pollutants. One of the crucial issues in
obtaining good quality results is the data quality used for mod elling and the correct application
of an appropriate model for the site conditions.

Model uncertainty is composed of model chemistry/physics uncertainties, data uncertainties,
and stochastic uncertainties. In addition, there is inherent uncertainty in the behaviour of the
atmosphere, especially on shorter time scales due to the effects of random turbulence. The
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main specific sources of uncertainty in dispersion models and their potential effects are

summarised in  Table 6.3.

Table 6.3: Summary of Main Sources of Modelling Uncertainty

Source ‘ Effects

Oversimplification of physics
model code (varies with type
model)

in

of

A variety of effects that can lead to both under prediction and over
prediction. Errors are greater in Gaussian plume models, which do not

include the effects of non  -steady -state meteorology (i.e., spatially -
and temporally -varying meteorology).

Errors in emissions data

Ground level concentrations are proportional to emission rate. Plume
rise is affected by source dimensions, temperature and exit velocity.

Errors in wind data

Wind direction affects direction of plume travel. Wind speed affects
plume rise and dilution of plume, resulting in potential errors in
distance of plume impact from source, and magnitude of impact.

Errors in stability estimates

Gaussian plume models use estimates of stability class, and 3 -D
models use explicit vertical pr ofiles of temperature and wind (which

are used directly or indirectly to estimate stability class for Gaussian

models). In either case, errors in these parameters can cause either

under prediction or over prediction of ground level concentrations.

Errors in temperature

Usually the effects are small, but temperature affects plume
buoyancy, with potential errors in distance of plume impact from
source, and magnitude of impact.

Inherent uncertainty

Model s predict oO6ensemble meand dceide
input data (say on a 1 -hour basis), i.e., they predict the mean
concentrations that would result from a large set of observations

under the specific conditions being modelled. However, for any
specific hour with those exact mean hourly conditions , the predicted
ground level concentrations will never exactly match the actual
pattern of ground level concentrations, due to the effects of random
turbulent motions and random fluctuations in other factors such as
temperature. The inherent uncertainty in concentrations downwind of
a stack has been estimated as 50 -75% for a 1 -hour average
simulation.

If modelling results are to be used for decision -making, it is essential that the model uncertainty
is understood within the context of the predicted concentrations . This information about
uncertainties associated with modelling results can be as important as the modelling results in

some cases.
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7 RESULTS

The results from the dispersion modelling are pr esented in the form of contour plots (for the
DIIS and the PMDR scenario in Section 7.1 and Section 7.2 respectively) covering the region of
interest and bar charts and statistics of the concentration at the sensitive receptors.

7.1 DIIS Scenario

In this scenario, CALPUFF predicted ground -level concentrations using the emissions and
sources utilised in the DIIS, are presented. This is to establish a basis against the DIIS
configuration , which used the TAPM model.

711 TRS

Figure 7.1 shows the predicted 99.9%ile 3 -minute concentration contours for average
emissions, while  Figure 7.2 and Figure 7.3 depicts the 99.9%ile 3 -minute concentration
contours for maximum continuous and short term ma ximum emissions, respectively.

For average emissions, the 3 -minute EPP(AQ) criterion is not exceeded even when the

background concentration of 0.25 pg/m 3 is added to the predicted concentrations f (Figure 7.1).
Figure 7.2 indicates predicted ground -level TRS concentrations with maximum continuous
emissions. Beyond the site boundary, t here are small areas of exceedance of the EPP(AQ)
criterion over the hills to the southeast of the proposed mill

The predicted 3 -minute 99.9%ile 3 -minute TRS concentration contours for short term maximum
emissions are shown in Figure 7.3. There are predicted areas of exceedance of the = EPP(AQ)
criterion extending to the north and south of the proposed mill . Additional areas of exceedance
are seen over the hills to the east. The extent of the area exceedance is comparable to
presented in the Supplementary Air Quality Assessment of Gunns Pulp Mill (PAE, 2006).

" These predictions exclude background concentrations. However, as discussed in Section 5, measurements
of background concentrations are noisy are most likely below 0.25 pg/m 8
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7.1.2 HCI

Figure 7.4 shows the predicted 99.9%ile 3
continuous emissions.
and are well within the re

-minute concentration contours for maximum
Concentrations compare well against predictions presented in the DIIS
levant EPP(AQ) criterion.
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Species: Location: Scenario: Percentile: Averaging Time:
HCI Tasmania Maximum Continuous 99.9 " 3-min
Emission
Model Used: Units: Guideline: Met data: Plot:
CALPUFF v6 pg/m 3 EPP(AQ): 200 pug/m 3 Aug 2006 i P DO6ADbr et
Jul 2007

Figure 7.4:99.9 ™ percentile 3

-min HCI concentrations
emissions

maximum continuous
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713 Cl,

Figure 7.5 shows the predicted 99.9%ile 3 -minute concentration contours for average CI

emissions, while  Figure 7.6 depicts the 99.9%ile 3  -minute concentration contours for maximum
continuous emissions.

2

For average emissions, the 3 -minute concentration is well below the EPP(AQ) criterion at any
location in the modelling domain (Figure 7.5).

Figure 7.6 shows predicted ground -level Cl, concentrations with maximum continuous

emissions. The concentration is also well below the EPP(AQ) criterion . Predicted concentrations
are comparable to those presented in the DIIS.

Species: Location: Scenario: Percentile: Averaging Time:
Cl, Tasmania Average Emission 99.9 ™ 3-min
Model Used: Units: Guideline: Met data: Plot:
CALPUFF v6 ug/m 3 EPP(AQ): 100 pug/m 3 Aug 2006 i P DO6ADbr et
Jul 2007
Figure 7.5:99.9 ™ percentle3 -min Cl , concentrations 1 average emiss ions .
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