Pacific Environment
Limited ——

Consulting * Technologies * Monitoring ¢ Toxicology

REPORT

TARRAWONGA PRP - IDENTIFICATION OF
ADVERSE WEATHER CONDITIONS FOR
OVERBURDEN HANDLING

Whitehaven Coal Limited

Job No: 7487A

10 February 2014

www. pacific-environment.com



Pacific Environment
Limited

—

PROJECT TITLE:

JOB NUMBER:

PREPARED FOR:

PREPARED BY

APPROVED FOR RELEASE BY:

DISCLAIMER & COPYRIGHT:

Tarrawonga PRP - |dentification of Adverse Weather
Conditions For Overburden Handling

7487 A

Whitehaven Coal Limited

K. Hill

J. Barnett

This report is subject to the copyright statement

located at www.pacific-environment.com © Pacific
Environment Operations Pty Ltd ABN 86 127 101 642

DOCUMENT CONTROL

VERSION DATE PREPARED BY REVIEWED BY
01 29.01.2014 K. Hill J. Barnett
FINAL 10.02.2014 K. Hill J. Barnett

Pacific Environment Operations Pty ABN 86 127 101 642

BRISBANE

Level 1, 59 Melbourne Street, South Brisbane QId 4101
PO Box 3306, South Brisbane Qld 4101

Ph: +61 7 3004 6400

Fax: +61 7 3844 5858

Unit 1, 22 Varley Street
Yeerongpilly, Qld 4105
Ph: +61 7 3004 6460

ADELAIDE

35 Edward Street, Norwood SA 5067
PO Box 3187, Norwood SA 5067

Ph: +61 8 8332 0940

Fax: +61 7 3844 5858

SYDNEY

Suite 1, Level 1, 146 Arthur Street
North Sydney, NSW 2060

Ph: +61 2 9870 0900

Fax: +61 2 9870 0999

MELBOURNE

Suite 62, 63 Turner Street, Port Melbourne Vic 3207
PO Box 23293, Docklands Vic 8012

Ph: +61 39681 8551

Fax: +61 3 9646 3408

PERTH

Level 1, Suite 3

34 Queen Street, Perth WA 6000
Ph: +61 8 9481 4961

Fax: +61 7 3844 5858

7487 A Whitehaven Tarrawonga PRP Overburden Handling R1 Final.docx i

Whitehaven Coal Limited | Job Number 7487 A



http://www.pacific-environment.com/

Pacific Environment
Limited =———=

CONTENTS

1 INTRODUCTION 1
1.1 Scope of Work 1

2 METHODOLOGY 1
2.1 Critical locations 1
2.2 Model Inputs 3

3 ANALYSIS OF MODELLING RESULTS 4
3.1 Wind speed analysis 6
3.2 Time of day analysis 8
3.3 Wind direction analysis 10

4 DEVELOPMENT OF TRIGGER LEVELS 12
4.1 Analysis of the frequency of "adverse conditions” 12

5 REFERENCES 15

7487 A Whitehaven Tarrawonga PRP Overburden Handling R1 Final.docx
Whitehaven Coal Limited | Job Number 7487 A



Pacific Environment
Limited —

1 INTRODUCTION

Whitehaven Coal Limited (WCL) holds Environmental Protection Licence (EPL) 12365 for the Tarrawonga
Coal Mine (Tarrawonga). Condition U2 (Particulate Matter Control Best Practice Implementation -
Disturbing and Handling Overburden under Adverse Weather Conditions) requires Tarrawonga to alter
or cease the use of equipment on overburden and the loading and dumping of overburden during
adverse weather condifions. The licence must:

» Undertake daily visual dust level assessments, confinuously record real-fime PMio levels and
continuously measure and record real-time meteorological condifions, and
» Record changes to mining activities due to adverse weather conditions.

The purpose of this report is to define "adverse conditions” that may result in unacceptable dust levels
beyond the site boundary. Trigger levels will be identified for these adverse condifions to inform a
Trigger Action Response Plan (TARP) for overburden handling activities in critical locations.

1.1  Scope of Work

The following methodology is used to identify adverse conditions:

» |dentify critical locations where overburden (OB) handling may result in elevated dust
concenfrations at or beyond the site boundary.

» Represent each location using two sources to simulate dozer and loading/unloading operations
simultaneously occurring in one location. A TSP emission rate of 1,000,000 kg/y has been assumed,
with loading and dumping emissions varying with wind speed according to the US EPA AP-42
emissions factor.

» Use a screening level atmospheric dispersion model to predict dust plume behaviour under various
meteorological conditions (using site representative data).

» At boundary locatfions where the highest impacts are predicted, analyse the meteorological
conditions that correspond to the highest 1-hour dust concentrations.

» Based on these “adverse” meteorological conditions, determine appropriate trigger values to
inform a TARP.

2 METHODOLOGY

2.1 Critical locations

The locations of current OB activities are shown in Figure 1 and were determined in consultation with
Tarrawonga. Dust sources are released from the OB dump at the location shown and the resultant dust
concenfration predictions are made at each of the numbered boundary locations shown.
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Figure 1: Overburden Activity Source Locations
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2.2 ModelInputs

Overburden handling activities are assumed to include loading / unloading of OB, dozers operating on
OB and wind erosion from the disturbed surfaces. Each activity is assumed to operate simultaneously
and an emission rate for total suspended partficulate (TSP) is assumed to be 1,000,000 kg/y from each
source.

Adjustments are made to hourly emissions as follows:

> Loading/dumping OB. Emissions are assumed fo be dependent on wind speed to account for
wind dependency in the overburden handling emission factor equation and hourly emissions are
adjusted for wind speed as follows (US EPA, 1987):

. o Hourly Wind Speed 13
Emissiongajustea = EMISSioN ynaajusted ¥ ( Y p /2_2)

» Dozers. Emissions are independent of wind speed, as per the dozer emission factor equation.

By varying emissions in this way, “adverse conditions” will not only be influenced by the meteorological
conditions under which dust disperses but also include those conditions under which higher emissions
are generated at source (i.e. high wind speeds).

A meteorological modelling file was compiled using measured data from the Tarrawonga
meteorological station from 2009 to April 2012. The source and receptors heights fook mine terrain info
account. The scenarios modelled are as summarised in Table 1.

Table 1: Modelling Scenarios

Elevation (m) Dlst%lcu:ggs ?;?rest Comments for selection

R 330 700 Highest dumping area close to southern
boundary

12 294 960 Elevated dumping area close to southern
boundary

Elevated dumping area close to northern
L3 342 1230 boundary
L4 344 550 Highest dumping area close TQ western and
northern boundaries
L5 303 1480 Elevated central dumping area
7487 A Whitehaven Tarrawonga PRP Overburden Handling R1 Final.docx 3
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3 ANALYSIS OF MODELLING RESULTS

The location of the 10 highest TSP boundary predictions for each OB activity location were, as
expected, at locations closest fo, or in a prevailing direction of, the active OB areas. The ten boundary
receptors for each OB location (shown in Figure 2) were selected for analysis of the meteorological
conditions under which these high concentrations occur.

An hourly time series of predicted TSP concentrations at each of these top ten receptors was extracted
for each scenario. The time series data were then normalised to enable the different scenarios to be
directly compared with each other. The aim of normalisation of the predicted TSP concentrations
across the scenarios was to enable identification of the scenarios (or locations) where the highest
concenfrations occur. In other words, the focus is on relative concentrations rather than actual
concentrations.

Normalisation takes a large number of data sets that are on different scales and consolidates them to a
single common scale. In this case, the activities were modelled with the same emissions and therefore
the predicted levels at the receptors are not a reflection of actual levels which will be experienced, but
rather how the results relate fo one another. The concentrations determined from dispersion modelling
have been normalised to the maximum predicted TSP concentrations for the parameter investigated
(i.,e. wind speed or wind direction). This enables all the data from the different scenarios to be
compared on a scale of 0 fo 1, across all scenarios. The plots therefore represent normalised levels not
actual TSP concentrations.

It is important to note that the data were analysed separately based on wind speed and wind direction
and therefore the graphs shown for wind speed and wind direction do not relate to each other.
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Figure 2: Location of highest boundary predictions for each OB activity location
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3.1 Wind speed analysis

The normalised 1-hour TSP concentration for each hour of the year were averaged into a
corresponding wind speed bin (af 0.1 m/s increments) and the results are presented in Figure 3, for the
scenarios L1 fo L5. Each line shows the hourly prediction (averaged by wind speed) for each of the 10
highest boundary receptors for each scenario, as identified in Figure 2.

With the exception of scenarios L3 and L4, there appear to be peaks in boundary predictions at wind
speeds of approximately 7 m/s and 10 m/s, with almost negligible levels predicted between 8 — 9.5 m/s.
It is noted also, that at L2 there are some elevated levels experienced at lower wind speeds, around
0-3m/s. These higher concentrations generally occur at night when the atmosphere is stable and
winds are lighter. At these fimes, it is not the emissions that are critical, but rather dispersion conditions
for those particles already airborne. In other words, emissions will be low for wind speed dependant
sources, but dispersion conditions will be less favourable. These conditions are therefore not as relevant
for management issues and determining trigger levels, but rather the peaks at higher wind speeds.
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Figure 3: Normalised TSP conceniration by wind speed at each dump area

7487 A Whitehaven Tarrawonga PRP Overburden Handling R1 Final.docx
Whitehaven Coal Limited | Job Number 7487 A



Pacific Environment
Limited —

3.2 Time of day analysis

An analysis of the 1-hour TSP concentrations by hour of the day is presented in Figure 4 for predictions
normalised against all other sites and then against wind speeds. This analysis has been carried out for
L2 which predicted to experience highest levels for dump scenarios. A clear pattern is evident with
higher concentrations at the boundaries during night-fime conditions.

Hour of the day can be used as a surrogate for atmospheric stability, an indicator of turbulence or
dispersive capacity. A descriptor of turbulence, known as Monin-Obukhov length (L), can be
interpolated from the modelling files and used to describe whether conditions are unstable (enhanced
dust dispersion) or stable (dust dispersion is suppressed). The inverse of Monin-Obukhov length (1/L) is
plotted below the time of day analysis, showing highest concenfration during stable conditions (when
Monin-Obukhov length is positive).

What is evident from the fime of day analysis is that the relative TSP contributions are significantly lower
(Figure 4) when plotted against time of day, when compared to those presented for the wind speed
analysis (Figure 3). This means that although boundary concentrations increase during stable
atmospheric conditions, they would not necessarily be considered “adverse” based on the relatively
low normalised dust concentration. In other words, wind speed is a more significant driver of elevated
dust levels that time of day is.

It should be noted when making these comparisons that these TSP concentrations are not actual
values but rather those which have been normalised so as to be compared to each other (see
discussion regarding normalisation in Section 3).
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Figure 4: Normalised TSP concentrations and Monin-Obukhov length by hour of the day at L2
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3.3 Wind direction analysis

Normalised TSP concentrations for scenarios L1 to L5 are ploftted against wind direction for the same top
10 boundary receptors discussed previously (Figure 5). The wind directions which result in the highest
relative TSP concentrations are clearly dependent on the location of the dump relative to the
boundary. For example, for L2 where the relative concentrations are highest and occur at the
southwestern boundary, winds are nearly all between 45 — 90 degrees (east-northeastern quadrant).
Similarly, for L3 closest fo the northern boundary, the winds which contribute fo the highest levels at that
boundary are from the south-southwestern quadrant. This is clearly what would be expected and so
because the dumping areas are varied in tferms of location, there will be different wind direction
triggers for different dumps.

Emissions from the remaining three dumping locations, L1, L4 and L5, showed that their highest
predictions on two different boundaries, depending on wind direction. However, as can be seen in
Figure 5, these levels are generally low relative to those for L2 and L3. There are some higher relative
values at L4 predicted on the western boundary, but these occur at elevated wind speeds around
8 - 9 m/s (shown in Figure 3) and due to winds in the east-southeast quadrant (90 - 135 degrees).
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Figure 5: Normalised TSP concentrations against wind direction
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4 DEVELOPMENT OF TRIGGER LEVELS

Based on the analysis presented above, adverse conditions for elevated dust levels beyond the site
boundary are identified as wind speeds greater than 7 m/s. Predicted concentratfions were highest for
scenario L1, L2 and L4.

The pollution roses for the various OB areas (refer to Figure 5) identify that the wind directions where the
highest boundary levels may occur are from the east-northeastern quadrant (approximately 45° to 90°),
due to OB activities at L2. Figure 5 also shows that, unlike for the wind speed analysis, predicted levels
are not as significant for scenarios L1 and L4 (approximately 30% of those predicted for L2) based on
wind direction. In other words, scenario L2 shows elevated normalised concenfrations when
considered in terms of both wind speed and wind direction and any reductions that can be achieved
through implementation of tfrigger levels developed from the results for scenario L2 will also benefit the
other scenarios.

It is wind speed that is more critical in determining the level of emission from loading and dumping
activities on OB dump areas, but the wind direction will determine where those emissions are
fransported to.

The following trigger levels are therefore defined for the Tarrawonga TARP:

» Investigation Level — wind speed 27 m/s
»  Action Level - wind speed = 10 m/s

4.1 Analysis of the frequency of “adverse conditions”

The percentage occurrence of adverse conditions at Tarrawonga is presented in Table 2, based on a
review of the meteorological data from 2009 to April 2012. The frequency distribution of wind speeds is
presented in Figure é and the wind rose (Figure 7) shows the occurrence of wind speeds for different
directions. These plots and the data presented in Table 2, show that while the higher wind speeds are
infrequent, they are predominantly from the eastern quadrant. In other words, when the wind speed is
such to activate a trigger the wind will often be from the eastern quadrant.

This explains why scenario L2 resulted in higher relative concentrations at the boundary for both the
wind speed and wind direction analyses, and also why scenarios L1 and L4 showed their peaks at the
boundary receptors to their west.

However, the data in Table 2 also shows that winds above 7 m/s (in any direction) only occur very
infrequently, for a litfle over | % of the time, and that only half of those (approximately 54%) will be from
the eastern quadrant (between 45° and 135°).

7487 A Whitehaven Tarrawonga PRP Overburden Handling R1 Final.docx 12
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Table 2: Frequency distribution of wind speeds and direction
Wind Direction Wind Speed (m/s)
<7 >7-10 >10
>=0-22.5 N 4.8% 0.0% 0.00%
>22.5-45 NNE 4.3% 0.0% 0.00%
>45 - 67.5 NE 5.0% 0.1% 0.01%
>67.5-90 ENE 5.1% 0.2% 0.02%
>90-112.5 E 7.2% 0.2% 0.01%
>112.5-135 ESE 9.3% 0.2% 0.01%
>135-157.5 SE 8.5% 0.2% 0.01%
>157.5-180 SSE 6.6% 0.1% 0.00%
>180-202.5 S 6.4% 0.0% 0.00%
>202.5-225 SSW 6.4% 0.0% 0.00%
>225-247.5 SW 5.0% 0.0% 0.00%
>247.5-270 WSW 6.2% 0.0% 0.00%
>270-292.5 W 7.8% 0.0% 0.00%
>292.5-315 WNW 6.1% 0.0% 0.00%
>315-337.5 NwW 4.5% 0.0% 0.00%
>337.5- 360 NNW 5.6% 0.0% 0.00%
Total All directions 98.8% 1.1% 0.1%
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Figure é: Frequency of wind speeds
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Figure 7: Windrose for all data from 2009 to April 2012
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