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Receptor ID MGA  (mE) MGA  (mN) Ownership 

1 648928 6408374 Agreed Contract (Call Option) 

2 649518 6407265 Agreed Contract (Call Option) 

3 652919 6405355 Agreed Contract (Call Option) 

4 654256 6404770 Private 

6 649063 6403861 Private 

7 648900 6404627 Private 

8A 647353 6405878 Private 

8B 646110 6403927 Private 

10 648912 6408743 Private 

18 645287 6406011 Private 

19 646858 6407722 Private 

20 647417 6407975 Private 

21 645269 6409946 Private 

22 648629 6409049 Private 

23 648720 6409174 Private 

24 648654 6409412 Private 

25 648771 6409589 Private 

26 648196 6410327 Private 

27 646929 6412257 Private 

28A 646768 6412362 Private 

28B 646708 6412616 Private 

30A 648935 6413224 Private 

30B 649289 6413736 Private 

31A 647191 6413882 Private 

31B 647510 6414186 Private 

32 648447 6413958 Private 

35A 652513 6415246 Private 

35B 652904 6415188 Private 

38 654940 6415361 Private 

36 653575 6414152 Private 

40 654414 6413943 Private 

42 655986 6414235 Private 

43 657580 6412249 Private 

46 657040 6409630 Private 

48 654081 6409619 Applicant owned 

49A 654356 6409008 Applicant owned 

49B 654559 6409064 Applicant owned 

50 652119 6409225 Potential future residence 

51 650362 6409786 Agreed Contract (Call Option) 

54 649753 6409460 Applicant owned 

55 649851 6409552 Agreed Contract (Put Option) 

56 649784 6409367 Applicant owned 

58 650031 6409679 Agreed Contract (Put & Call Option) 

61 656734 6404316 Private 
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CALMET and TAPM input file parameters 
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Table 1: Meteorological Parameters used for TAPM and CALMET  

TAPM (v 4.0.4) 

Number of grids (spacing) 3 (30 km, 10 km, 3 km) 

Number of grid points 25 x 25 x 35 

Year of analysis January 2008 to December 2008 

Centre of analysis 
Project Boundary 

(32°26.5’ S, 148°37.0’ E) 
CALMET (v. 6.327) 

Meteorological inner grid domain 25 km x 34 km 

Meteorological inner grid resolution 0.25 km (fine resolution) 

Surface meteorological stations Toongi Met station 

- Wind speed 

- Wind direction 

- Temperature 

- Relative humidity 

Dubbo Airport AWS 

(Bureau of Meteorology, Station No.065070) 

- Wind speed 

- Wind direction 

- Temperature 

- Relative humidity 

- Cloud Amount 

- Cloud Height 
- Sea Level Pressure 
 

Upper air 
Prognostic three dimensional data file extracted from TAPM 
at 3 km grid 

 

Table 2: CALMET Model Options  

Flag Descriptor Default Value Used 

IEXTRP Extrapolate surface 
wind observations 
to upper layers 

Similarity theory Similarity theory 

BIAS (NZ) Relative weight 
given to vertically 
extrapolated 
surface 
observations vs 
upper air data 

NZ * 0 -1 for first layer, -0.5 for second 
layer, 0.25 for third  layer. 0 for all 
other layers. 

TERRAD Radius of influence 
of terrain 

No default 
(typically 5- 
15km) 

5 km 

RMAX1 and 
RMAX2 

Maximum radius of 
influence over land 
for observations in 
layer 1 and aloft 

No Default 2 km 

R1 and R2 Distance from 
observations in 
layer 1 and aloft at 
which observations 
and Step 1 wind 
fields are weighted 
equally 

No Default 1 km 
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Table 3: CALPUFF Model Options used 

Flag Flag Descriptor Value Used Value Description 

MCHEM Chemical 
Transformation 

0 Not modelled 

MDRY Dry Deposition 1 Yes 

MTRANS Transitional plume 
rise allowed? 

1 Yes 

MTIP Stack tip 
downwash? 

1 Yes 

MRISE Method to compute 
plume rise 

1 Numerical plume rise 

MSHEAR Vertical wind Shear 0 Vertical wind shear not modelled 

MPARTL Partial plume 
penetration of 
elevated inversion? 

1 Yes 

MSPLIT Puff Splitting  0 No puff splitting 

MSLUG Near field modelled 
as slugs 

0 Not used 

MDISP Dispersion 
Coefficients 

3 PG coefficient for rural areas 

MPDF Probability density 
function used for 
dispersion under 
convective 
conditions 

0 No 

MROUGH PG sigma y,z 
adjusted for z 

0 No 

MCTADJ Terrain adjustment 
method 

3 Partial Plume Adjustment 

MBDW Method for building 
downwash 

1 Prime method 
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Dubbo Zirconia Project 
 

The dust emission inventories have been prepared using the operational description of the 

Dubbo Zirconia Project (the Proposal). 

Estimated emissions are presented for all significant dust generating activities associated with 

the operations.  The relevant emission factors used for the assessment are described below 

for TSP only. The same assumptions have been adopted in the PM10 and PM2.5 emission 

estimate equations. A copy of the emissions inventory for each modelled scenario and 

particulate matter parameter is provided at the end of this Appendix. 

Mining activities have been restricted to the proposed hours of operation between 7am and 

6pm, with the exception of blasting that would operate between 9am and 5pm. 

Dust from wind erosion is assumed to occur over 24-hours per day, however, wind erosion is 

also assumed to be proportional to the third power of wind speed.  This will mean that most 

wind erosion occurs during the day when wind speeds are highest. 

Scraper stripping topsoil 

Emissions from scrapers stripping topsoil have been calculated using the US Environmental 

Protection Authority (EPA) emission factor equation given in Equation 1 (US EPA, 1985 and 

updates).   

Equation 1                      
Drilling overburden and ore 

The emission factor used for drilling has been taken to be 0.59 kg/hole (US EPA, 1985 and 

updates). 

Blasting overburden and coal 

TSP emissions from blasting were estimated using the US EPA (1985 and updates) emission 

factor equation given in Equation 3. 

Equation 3 

 

 

Where, 

A = area to be blasted in m2 

The area to be blasted for overburden and ore is 1,400m2. 

Loading material / dumping overburden and ore 

Each tonne of material loaded will generate a quantity of TSP that will depend on the wind 

speed and the moisture content.  Equation 4 shows the relationship between these variables.  

 

kg/blast             00022.0E 5.1

TSP A
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Equation 4 

                 ((     )   (  )   )         
Where: k = 0.74 for TSP 

U = wind speed (m/s) 

M = moisture content (%) 

(where 0.25≤M≤2.8) 

The moisture content of overburden was given to be 10% for overburden and 5% for ore.  

Hauling material / product on unsealed surfaces 

The emission estimate of wheel generated dust s based the US EPA AP42 emission factor for 

unpaved surfaces at industrial sites shown below in Equation 5: 

Equation 5 

             [     (    )    (         )    ] (  |   ) 
Where: 

EFTSP = TSP emission factor from wheel generated dust 

s = silt content of road surface 

W  = mean vehicle weight  

The adopted silt content (s) for the Project was 3%.  

The mean vehicle weight used in the emissions estimates is an average of the loaded and 

unloaded gross vehicle mass, to account for one empty trip and one loaded trip. A capacity of 

61 t was used for haulage of materials.  

A control factor of 75 % has been applied for watering and the use of water sprays on unpaved 

roads. 

Dozers working on overburden 

Emissions from dozers on overburden have been calculated using the US EPA emission factor 

equation given in Equation 1 (US EPA, 1985 and updates).   

A conservative estimate was adopted in assuming the silt content for the overburden was 10% 

and 5% for ore. The respective moisture contents were assumed to be 4% and 7%. 

Crushing of ore 

Four stages of crushing are included at the processing plant. The emission factor used for 

crushing of metallic minerals has been taken from US EPA (1985 and updates). The following 

list the adopted emissions factors for TSP: 

 Primary crushing: 0.01 kg/tonne 

 Secondary crushing: 0.03 kg/tonne 



SPECIALIST CONSULTANT STUDIES AUSTRALIAN ZIRCONIA LTD 

Part 2: Air Quality and Greenhouse Gas Assessment Dubbo Zirconia Project 

 Report No. 545/05  

Pacific Environment Limited 2 - 135 
 

 Tertiary crushing: 0.03 kg/tonne 

 Quaternary crushing:0.03 kg/tonne 

It has been assumed that the moisture content of greater than 4% would be achieved through 

use of spray curtains. 

Dry grinding 

The emission factor used for dry grinding of metallic minerals has been taken from US EPA 

(1985 and updates). The adopted TSP emission factor for dry grinding is 1.2 kg/tonne of ore 

processed. It has been assumed that the moisture content of greater than 4% would be 

achieved through use of spray curtains. 

Miscellaneous transfers 

The emission factor used for miscellaneous transfers has been taken from US EPA (1985 and 

updates). The adopted TSP emission factor for dry grinding is 0.005 kg/tonne of ore 

processed. It has been assumed that there would be three miscellaneous transfers. 

Wind erosion from exposed areas 

The latest wind erosion equation made available from the US EPA (1985 and updates) 

requires information on the threshold frictional velocity for the surface of the exposed area. 

As this information is not available the default emission factor of 0.1 kg/ha/h (US EPA (1985 

and updates)) has been used to estimate TSP emissions for wind erosion. For active 

stockpiles a TSP emission rate of 5.9 kg/ha/h has been calculated. 

A control factor of 30% has been applied to the SRSF to account for the high moisture level of 

the solid waste that would be deposited at the site. 

Grading roads 

Estimates of TSP emissions from grading roads have been made using the US EPA (1985 and 

updates) emission factor equation (Equation 8). 

Equation 8 

 

Where, 

S = speed of the grader in km/h (taken to be 8 km/h) 

The following tables present the calculated emissions for each modelled year of the project 

and which correspond to the sources allocations as represented in Table 21 and Table 22. 

 
 

kg/VKT             0034.0E 5.2

TSP S
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ACTIVITY
TSP emission  for 

Year 5 (kg/y)
Intensity Units

Emission 

Factor
Units Variable 1 Units Variable 2 Units Variable 3 Units Variable 4 Units Variable 5 Units Variable 6 Units

Topsoil Removal  -  Stripping topsoil - in waste rock emplacement area 1,244                  42,900               t/yr 0.029    kg/t 0 % control

Topsoil Removal  -  Stripping topsoil at new LRSF in north -                     -                    t/yr 0.029    kg/t 0 % control

OB - Drilling 792                                      4,473  holes/y 0.59      kg/hole 70 % Control

OB - Blasting 239                                           21 blasts/y 12 kg/blast       1,400 Area of blast in square metres 0 % Control

OB - Sh/Ex/FELs loading OB to trucks at Pit 95                                    116,829  t/y 0.0008 kg/t 1.82 average of (wind speed/2.2)^1.3 in m/s 4 moisture content in % 0 % Control

OB - Hauling OB from Pit to  emplacement area 1,956                               116,829  t/y 0.066976 kg/t 38 t/load 61 Vehicle gross mass (t) 1.2 km/return trip 2.1 kg/VKT 3 % silt content 75 % control

OB - Trucks emplacing OB at emplacement area 95                                    116,829  t/y 0.0008 kg/t 1.82 average of (wind speed/2.2)^1.3 in m/s 4 moisture content in % 0 % control

OB - Dozers on D1 north dump 5,024                  739                     h/y 6.8 kg/h 10 silt content in % 4 moisture content in % 0 % control

OB - Dozers on SRSF 5,024                  739                     h/y 6.8 kg/h 10 silt content in % 4 moisture content in % 0 % control

ORE - Dozers ripping/pushing/clean-up in pit                    1,057 739                     h/y 1.4 kg/h 5 silt content in % 7 moisture content in % 0 % control

ORE - Drilling 6,833                                 38,604  holes/y          0.6 kg/hole 70 % Control

ORE - Blasting 2,066                                      179 blasts/y 12         kg/blast       1,400 Area of blast in square metres 0 % Control

ORE - Loading ore from Pit to trucks                       376           1,008,330  t/y 0.0004 kg/t 1.82 average of (wind speed/2.2)^1.3 in m/s 7 moisture content in % 0 % Control

ORE - Hauling ore from Pit  to ROM Pad 123,811                        1,008,330  t/y 0.4912 kg/t 38 t/load 61 Vehicle gross mass (t) 8.8 km/return trip 2.1 kg/VKT 3 % silt content 75 % control

ORE - Unloading ore from truck to  ROM pad 376                               1,008,330  t/y 0.0004 kg/t 1.82 average of (wind speed/2.2)^1.3 in m/s 7 moisture content in % 0 % Control

Ore - Primary crushing 10,083                          1,008,330  t/y        0.01  kg/t 0 % control

Ore - Secondary crushing 30,250                          1,008,330  t/y        0.03  kg/t 0 % control

Ore - Tertiary crushing 30,250                          1,008,330  t/y        0.03  kg/t 0 % control

Ore - Quaternary crushing 30,250                          1,008,330  t/y        0.03  kg/t 0 % control

Ore - Dry grinding 205,699                        1,008,330  t/y        1.20  kg/t 83 % control

Ore - Miscellaneous transfers 20,167                          4,033,320  t/y      0.005  kg/t 0 % control

WE - Stripped topsoil area at new LRSF in north -                     -                     ha 0.1        kg/ha/h 8,760      h/y 0 % Control

WE - Waste emplacement 8,935                  10.2                    ha 0.1        kg/ha/h 8,760      h/y 0 % Control

WE - Pit 15,856                18.1                    ha 0.1        kg/ha/h 8,760      h/y 0 % Control

WE - Stockpiles other - SRSF 17,599                28.7                    ha 0.1        kg/ha/h 8,760      h/y 30 % Control

WE - ROM stockpiles 108,610              2.1                      ha 5.9        kg/ha/h 8,760      h/y 3.28 m/s (annual average ws) 0 % Control

WE - Stockpiles other - soil stockpiles -                     -                     ha 5.9        kg/ha/h 8,760      h/y 3.28 m/s (annual average ws) 0 % Control

WE - Stockpiles other - Salt encapsulation cells -                     -                     ha 5.9        kg/ha/h 8,760      h/y 3.28 m/s (annual average ws) 0 % Control

Grading roads 11,439                37,171               km 0.62      kg/km 8             speed of graders in km/h 4,646      grader hours 50 % Control

Total TSP emissions for Year 5 (kg/yr) 638,126                      

ACTIVITY
TSP emission  for 

Year 5 (kg/y)
Intensity Units

Emission 

Factor
Units Variable 1 Units Variable 2 Units Variable 3 Units Variable 4 Units Variable 5 Units Variable 6

Topsoil Removal  -  Stripping topsoil at salt encapsulation cell 4,000                  137,940             t/yr 0.029    kg/t 0

Topsoil Removal  -  Stripping topsoil at waste rock emplacem 1,474                  50,820               t/yr 0.029    kg/t 0

OB - Drilling 792                                      4,473  holes/y 0.59      kg/hole 70

OB - Blasting 239                                           21 blasts/y 12 kg/blast       1,400 Area of blast in square metres 0

OB - Sh/Ex/FELs loading OB to trucks at Pit 219                                  268,212  t/y 0.0008 kg/t 1.82 average of (wind speed/2.2)^1.3 in m/s 4 moisture content in % 0

OB - Hauling OB from Pit to  emplacement area 4,491                               268,212  t/y 0.066976 kg/t 38 t/load 61 Vehicle gross mass (t) 1.2 km/return trip 2.1 kg/VKT 3 % silt content 75

OB - Trucks emplacing OB at emplacement area 219                                  268,212  t/y 0.0008 kg/t 1.82 average of (wind speed/2.2)^1.3 in m/s 4 moisture content in % 0

OB - Dozers on D1 north dump 5,024                  739                     h/y 6.8 kg/h 10 silt content in % 4 moisture content in % 0

OB - Dozers on SRSF 5,024                  739                     h/y 6.8 kg/h 10 silt content in % 4 moisture content in % 0

ORE - Dozers ripping/pushing/clean-up in pit                    1,057 739                     h/y 1.4 kg/h 5 silt content in % 7 moisture content in % 0

ORE - Drilling 6,833                                 38,604  holes/y          0.6 kg/hole 70

ORE - Blasting 2,066                                      179 blasts/y 12         kg/blast       1,400 Area of blast in square metres 0

ORE - Loading ore from Pit to trucks                       372              998,558  t/y 0.0004 kg/t 1.82 average of (wind speed/2.2)^1.3 in m/s 7 moisture content in % 0

ORE - Hauling ore from Pit  to ROM Pad 122,612                           998,558  t/y 0.4912 kg/t 38 t/load 61 Vehicle gross mass (t) 8.8 km/return trip 2.1 kg/VKT 3 % silt content 75

ORE - Unloading ore from truck to  ROM pad 372                                  998,558  t/y 0.0004 kg/t 1.82 average of (wind speed/2.2)^1.3 in m/s 7 moisture content in % 0

Ore - Primary crushing 9,986                               998,558  t/y        0.01  kg/t 0

Ore - Secondary crushing 29,957                             998,558  t/y        0.03  kg/t 0

Ore - Tertiary crushing 29,957                             998,558  t/y        0.03  kg/t 0

Ore - Quaternary crushing 29,957                             998,558  t/y        0.03  kg/t 0

Ore - Dry grinding 203,706                           998,558  t/y        1.20  kg/t 83

Ore - Miscellaneous transfers 19,971                          3,994,232  t/y        0.01  kg/t 0

WE - Stripped topsoil area at salt encapsulation cell 18,308                20.9                    ha 0.1        kg/ha/h 8,760      h/y 0

WE - Waste emplacement 14,804                16.9                    ha 0.1        kg/ha/h 8,760      h/y 0

WE - Pit 34,690                39.6                    ha 0.1        kg/ha/h 8,760      h/y 0

WE - Stockpiles other - SRSF 28,882                47.1                    ha 0.1        kg/ha/h 8,760      h/y 30

WE - ROM stockpiles 108,610              2.1                      ha 5.9        kg/ha/h 8,760      h/y 3.28 m/s (annual average ws) 0

WE -  soil stockpiles -                     -                     ha 0.1        kg/ha/h 8,760      h/y 0

WE -  Salt encapsulation cells 7,709                  8.8                      ha 0.1        kg/ha/h 8,760      h/y 0

Grading roads 11,439                37,171               km 0.62      kg/km 8             speed of graders in km/h 4,646      grader hours 50

Total TSP emissions for Year 5 (kg/yr) 702,768                      
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ACTIVITY TSP emission  for Year 5 (kg/y) Intensity Units Emission Factor Units Variable 1 Units Variable 2 Units Variable 3 Units Variable 4 Units Variable 5 Units Variable 6 Units

Topsoil Removal  -  Stripping topsoil - in waste rock emplacement area 1,244                                            42,900                 t/yr 0.029                 kg/t 0 % control

Topsoil Removal  -  Stripping topsoil at new LRSF in north -                                                -                      t/yr 0.029                 kg/t 0 % control

OB - Drilling 412                                                                  4,473  holes/y 0.31                   kg/hole 70 % Control

OB - Blasting 124                                                                       21 blasts/y 6.0 kg/blast         1,400 Area of blast in square metres 0 % Control

OB - Sh/Ex/FELs loading OB to trucks at Pit 45                                                                116,829  t/y 0.0004 kg/t 1.82 average of (wind speed/2.2)^1.3 in m/s 4 moisture content in % 0 % Control

OB - Hauling OB from Pit to  emplacement area 454                                                              116,829  t/y 0.0155 kg/t 38 t/load 61 Vehicle gross mass (t) 1.2 km/return trip 0.5 kg/VKT 3 % silt content 75 % control

OB - Trucks emplacing OB at emplacement area 45                                                                116,829  t/y 0.0004 kg/t 1.82 average of (wind speed/2.2)^1.3 in m/s 4 moisture content in % 0 % control

OB - Dozers on D1 north dump 1,133                                            739                       h/y 1.5 kg/h 10 silt content in % 4 moisture content in % 0 % control

OB - Dozers on SRSF 1,133                                            739                       h/y 1.5 kg/h 10 silt content in % 4 moisture content in % 0 % control

ORE - Dozers ripping/pushing/clean-up in pit                                                 183 739                       h/y 0.2 kg/h 5 silt content in % 7 moisture content of coal in % 0 % control

ORE - Drilling 3,553                                                             38,604  holes/y                     0.31 kg/hole 70 % Control

ORE - Blasting 1,074                                                                  179 blasts/y 6                        kg/blast         1,400 Area of blast in square metres 0 % Control

ORE - Loading ore from Pit to trucks                                                 178             1,008,330  t/y 0.0002 kg/t 1.82 average of (wind speed/2.2)^1.3 in m/s 7 moisture content in % 0 % Control

ORE - Hauling ore from Pit  to ROM Pad 28,724                                                      1,008,330  t/y 0.1139 kg/t 38 t/load 61 Vehicle gross mass (t) 8.8 km/return trip 0.5 kg/VKT 3 % silt content 75 % control

ORE - Unloading ore from truck to  ROM pad 178                                                           1,008,330  t/y 0.0002 kg/t 1.82 average of (wind speed/2.2)^1.3 in m/s 7 moisture content in % 0 % Control

Ore - Primary crushing 4,033                                                        1,008,330  t/y                   0.004  kg/t 0 % control

Ore - Secondary crushing 12,100                                                      1,008,330  t/y                   0.012  kg/t 0 % control

Ore - Tertiary crushing 10,083                                                      1,008,330  t/y                   0.010  kg/t 0 % control

Ore - Quaternary crushing 10,083                                                      1,008,330  t/y                   0.010  kg/t 0 % control

Ore - Dry grinding 27,427                                                      1,008,330  t/y                   0.160  kg/t 83 % control

Ore - Miscellaneous transfers 8,067                                                        4,033,320  t/y                   0.002  kg/t 0 % control

WE - Stripped topsoil area at new LRSF in north -                                                -                       ha 0.1                     kg/ha/h 8,760       h/y 0 % Control

WE - Waste emplacement 4,468                                            10.2                      ha 0.1                     kg/ha/h 8,760       h/y 0 % Control

WE - Pit 7,928                                            18.1                      ha 0.1                     kg/ha/h 8,760       h/y 0 % Control

WE - Stockpiles other - SRSF 8,799                                            28.7                      ha 0.1                     kg/ha/h 8,760       h/y 30 % Control

WE - ROM stockpiles 54,305                                          2.1                        ha 3.0                     kg/ha/h 8,760       h/y 3.28 m/s (annual average ws) 0 % Control

WE - Stockpiles other - soil stockpiles -                                                -                       ha 3.0                     kg/ha/h 8,760       h/y 3.28 m/s (annual average ws) 0 % Control

WE - Stockpiles other - Salt encapsulation cells -                                                -                       ha 3.0                     kg/ha/h 8,760       h/y 3.28 m/s (annual average ws) 0 % Control

Grading roads 3,997                                            37,171                 km 0.22                   kg/km 8              speed of graders in km/h 4,646        grader hours 50 % Control

Total PM10 emissions for Year 5 (kg/yr) 189,769                                                       

ACTIVITY TSP emission  for Year 5 (kg/y) Intensity Units Emission Factor Units Variable 1 Units Variable 2 Units Variable 3 Units Variable 4 Units Variable 5 Units Variable 6 Units

Topsoil Removal  -  Stripping topsoil at salt encapsulation cell 4,000                                            137,940               t/yr 0.029                 kg/t 0 % control

Topsoil Removal  -  Stripping topsoil at waste rock emplacement area 1,474                                            50,820                 t/yr 0.029                 kg/t 0 % control

OB - Drilling 412                                                                  4,473  holes/y 0.31                   kg/hole 70 % Control

OB - Blasting 124                                                                       21 blasts/y 6.0 kg/blast         1,400 Area of blast in square metres 0 % Control

OB - Sh/Ex/FELs loading OB to trucks at Pit 104                                                              268,212  t/y 0.0004 kg/t 1.82 average of (wind speed/2.2)^1.3 in m/s 4 moisture content in % 0 % Control

OB - Hauling OB from Pit to  emplacement area 1,042                                                           268,212  t/y 0.015538 kg/t 38 t/load 61 Vehicle gross mass (t) 1.2 km/return trip 0.5 kg/VKT 3 % silt content 75 % control

OB - Trucks emplacing OB at emplacement area 104                                                              268,212  t/y 0.0004 kg/t 1.82 average of (wind speed/2.2)^1.3 in m/s 4 moisture content in % 0 % control

OB - Dozers on D1 north dump 1,133                                            739                       h/y 1.5 kg/h 10 silt content in % 4 moisture content in % 0 % control

OB - Dozers on SRSF 1,133                                            739                       h/y 1.5 kg/h 10 silt content in % 4 moisture content in % 0 % control

ORE - Dozers ripping/pushing/clean-up in pit                                                 183 739                       h/y 0.2 kg/h 5 silt content in % 7 moisture content of coal in % 0 % control

ORE - Drilling 3,553                                                             38,604  holes/y                     0.31 kg/hole 70 % Control

ORE - Blasting 1,074                                                                  179 blasts/y 6                        kg/blast         1,400 Area of blast in square metres 0 % Control

ORE - Loading ore from Pit to trucks                                                 176                998,558  t/y 0.0002 kg/t 1.82 average of (wind speed/2.2)^1.3 in m/s 7 moisture content in % 0 % Control

ORE - Hauling ore from Pit  to ROM Pad 28,446                                                         998,558  t/y 0.1139 kg/t 38 t/load 61 Vehicle gross mass (t) 8.8 km/return trip 0.5 kg/VKT 3 % silt content 75 % control

ORE - Unloading ore from truck to  ROM pad 176                                                              998,558  t/y 0.0002 kg/t 1.82 average of (wind speed/2.2)^1.3 in m/s 7 moisture content in % 0 % Control

Ore - Primary crushing 3,994                                                           998,558  t/y                   0.004  kg/t 0 % control

Ore - Secondary crushing 11,983                                                         998,558  t/y                   0.012  kg/t 0 % control

Ore - Tertiary crushing 9,986                                                           998,558  t/y                   0.010  kg/t 0 % control

Ore - Quaternary crushing 9,986                                                           998,558  t/y                   0.010  kg/t 0 % control

Ore - Dry grinding 27,161                                                         998,558  t/y                   0.160  kg/t 83 % control

Ore - Miscellaneous transfers 7,988                                                        3,994,232  t/y                   0.002  kg/t 0 % control

WE - Stripped topsoil area at salt encapsulation cell 9,154                                            20.9                      ha 0.1                     kg/ha/h 8,760       h/y 0 % Control

WE - Waste emplacement 7,402                                            16.9                      ha 0.1                     kg/ha/h 8,760       h/y 0 % Control

WE - Pit 17,345                                          39.6                      ha 0.1                     kg/ha/h 8,760       h/y 0 % Control

WE - Stockpiles other - SRSF 14,441                                          47.1                      ha 0.1                     kg/ha/h 8,760       h/y 30 % Control

WE - ROM stockpiles 54,305                                          2.1                        ha 3.0                     kg/ha/h 8,760       h/y 3.28 m/s (annual average ws) 0 % Control

WE -  soil stockpiles -                                                -                       ha 0.1                     kg/ha/h 8,760       h/y 0 % Control

WE -  Salt encapsulation cells 3,854                                            8.8                        ha 0.1                     kg/ha/h 8,760       h/y 0 % Control

Grading roads 3,997                                            37,171                 km 0.22                   kg/km 8              speed of graders in km/h 4,646        grader hours 50 % Control

Total PM10 emissions for Year 5 (kg/yr) 224,728                                                       
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ACTIVITY TSP emission  for Year 5 (kg/y) Intensity Units Emission Factor Units Variable 1 Units Variable 2 Units Variable 3 Units Variable 4 Units Variable 5 Units Variable 6 Units

Topsoil Removal  -  Stripping topsoil - in waste rock emplacement area 1,244                                            42,900                 t/yr 0.029                 kg/t 0 % control

Topsoil Removal  -  Stripping topsoil at new LRSF in north -                                                -                      t/yr 0.029                 kg/t 0 % control

OB - Drilling 24                                                                    4,473  holes/y 0.02                   kg/hole 70 % Control

OB - Blasting 7                                                                           21 blasts/y 0.3 kg/blast         1,400 Area of blast in square metres 0 % Control

OB - Sh/Ex/FELs loading OB to trucks at Pit 7                                                                  116,829  t/y 0.0001 kg/t 1.82 average of (wind speed/2.2)^1.3 in m/s 4 moisture content in % 0 % Control

OB - Hauling OB from Pit to  emplacement area 45                                                                116,829  t/y 0.001554 kg/t 38 t/load 61 Vehicle gross mass (t) 1.2 km/return trip 0.0 kg/VKT 3 % silt content 75 % control

OB - Trucks emplacing OB at emplacement area 7                                                                  116,829  t/y 0.0001 kg/t 1.82 average of (wind speed/2.2)^1.3 in m/s 4 moisture content in % 0 % control

OB - Dozers on D1 north dump 528                                               739                       h/y 0.7 kg/h 10 silt content in % 4 moisture content in % 0 % control

OB - Dozers on SRSF 528                                               739                       h/y 0.7 kg/h 10 silt content in % 4 moisture content in % 0 % control

ORE - Dozers ripping/pushing/clean-up in pit                                                 111 739                       h/y 0.2 kg/h 5 silt content in % 7 moisture content of coal in % 0 % control

ORE - Drilling 205                                                                38,604  holes/y                 0.0177 kg/hole 70 % Control

ORE - Blasting 62                                                                       179 blasts/y 0.35                   kg/blast         1,400 Area of blast in square metres 0 % Control

ORE - Loading ore from Pit to trucks                                                   27             1,008,330  t/y 0.0000 kg/t 1.82 average of (wind speed/2.2)^1.3 in m/s 7 moisture content in % 0 % Control

ORE - Hauling ore from Pit  to ROM Pad 2,872                                                        1,008,330  t/y 0.0114 kg/t 38 t/load 61 Vehicle gross mass (t) 8.8 km/return trip 0.0 kg/VKT 3 % silt content 75 % control

ORE - Unloading ore from truck to  ROM pad 27                                                             1,008,330  t/y 0.0000 kg/t 1.82 average of (wind speed/2.2)^1.3 in m/s 7 moisture content in % 0 % Control

Ore - Primary crushing 302                                                           1,008,330  t/y                 0.0003  kg/t 0 % control

Ore - Secondary crushing 907                                                           1,008,330  t/y                 0.0009  kg/t 0 % control

Ore - Tertiary crushing 907                                                           1,008,330  t/y                 0.0009  kg/t 0 % control

Ore - Quaternary crushing 907                                                           1,008,330  t/y                 0.0009  kg/t 0 % control

Ore - Dry grinding 6,171                                                        1,008,330  t/y                 0.0360  kg/t 83 % control

Ore - Miscellaneous transfers 605                                                           4,033,320  t/y                 0.0002  kg/t 0 % control

WE - Stripped topsoil area at new LRSF in north -                                                -                       ha 0.0                     kg/ha/h 8,760       h/y 0 % Control

WE - Waste emplacement 670                                               10.2                      ha 0.0                     kg/ha/h 8,760       h/y 0 % Control

WE - Pit 1,189                                            18.1                      ha 0.0                     kg/ha/h 8,760       h/y 0 % Control

WE - Stockpiles other - SRSF 1,320                                            28.7                      ha 0.0                     kg/ha/h 8,760       h/y 30 % Control

WE - ROM stockpiles 8,146                                            2.1                        ha 0.4                     kg/ha/h 8,760       h/y 3.28 m/s (annual average ws) 0 % Control

WE - Stockpiles other - soil stockpiles -                                                -                       ha 0.4                     kg/ha/h 8,760       h/y 3.28 m/s (annual average ws) 0 % Control

WE - Stockpiles other - Salt encapsulation cells -                                                -                       ha 0.4                     kg/ha/h 8,760       h/y 3.28 m/s (annual average ws) 0 % Control

Grading roads 355                                               37,171                 km 0.02                   kg/km 8              speed of graders in km/h 4,646        grader hours 50 % Control

Total PM2.5 emissions for Year 5 (kg/yr) 27,174                                                         

ACTIVITY TSP emission  for Year 5 (kg/y) Intensity Units Emission Factor Units Variable 1 Units Variable 2 Units Variable 3 Units Variable 4 Units Variable 5 Units Variable 6 Units

Topsoil Removal  -  Stripping topsoil at salt encapsulation cell 4,000                                            137,940               t/yr 0.029                 kg/t 0 % control

Topsoil Removal  -  Stripping topsoil at waste rock emplacement area 1,474                                            50,820                 t/yr 0.029                 kg/t 0 % control

OB - Drilling 24                                                                    4,473  holes/y 0.02                   kg/hole 70 % Control

OB - Blasting 7                                                                           21 blasts/y 0.3 kg/blast         1,400 Area of blast in square metres 0 % Control

OB - Sh/Ex/FELs loading OB to trucks at Pit 16                                                                268,212  t/y 0.0001 kg/t 1.82 average of (wind speed/2.2)^1.3 in m/s 4 moisture content in % 0 % Control

OB - Hauling OB from Pit to  emplacement area 104                                                              268,212  t/y 0.001554 kg/t 38 t/load 61 Vehicle gross mass (t) 1.2 km/return trip 0.0 kg/VKT 3 % silt content 75 % control

OB - Trucks emplacing OB at emplacement area 16                                                                268,212  t/y 0.0001 kg/t 1.82 average of (wind speed/2.2)^1.3 in m/s 4 moisture content in % 0 % control

OB - Dozers on D1 north dump 528                                               739                       h/y 0.7 kg/h 10 silt content in % 4 moisture content in % 0 % control

OB - Dozers on SRSF 528                                               739                       h/y 0.7 kg/h 10 silt content in % 4 moisture content in % 0 % control

ORE - Dozers ripping/pushing/clean-up in pit                                                 111 739                       h/y 0.15 kg/h 5 silt content in % 7 moisture content of coal in % 0 % control

ORE - Drilling 205                                                                38,604  holes/y                   0.018 kg/hole 70 % Control

ORE - Blasting 62                                                                       179 blasts/y 0.35                   kg/blast         1,400 Area of blast in square metres 0 % Control

ORE - Loading ore from Pit to trucks                                                   27                998,558  t/y 0.0000 kg/t 1.82 average of (wind speed/2.2)^1.3 in m/s 7 moisture content in % 0 % Control

ORE - Hauling ore from Pit  to ROM Pad 2,845                                                           998,558  t/y 0.0114 kg/t 38 t/load 61 Vehicle gross mass (t) 8.8 km/return trip 0.0 kg/VKT 3 % silt content 75 % control

ORE - Unloading ore from truck to  ROM pad 27                                                                998,558  t/y 0.0000 kg/t 1.82 average of (wind speed/2.2)^1.3 in m/s 7 moisture content in % 0 % Control

Ore - Primary crushing 300                                                              998,558  t/y                   0.000  kg/t 0 % control

Ore - Secondary crushing 899                                                              998,558  t/y                   0.001  kg/t 0 % control

Ore - Tertiary crushing 899                                                              998,558  t/y                   0.001  kg/t 0 % control

Ore - Quaternary crushing 899                                                              998,558  t/y                   0.001  kg/t 0 % control

Ore - Dry grinding 6,111                                                           998,558  t/y                   0.036  kg/t 83 % control

Ore - Miscellaneous transfers 599                                                           3,994,232  t/y                   0.000  kg/t 0 % control

WE - Stripped topsoil area at salt encapsulation cell 1,373                                            20.9                      ha 0.0                     kg/ha/h 8,760       h/y 0 % Control

WE - Waste emplacement 1,110                                            16.9                      ha 0.0                     kg/ha/h 8,760       h/y 0 % Control

WE - Pit 2,602                                            39.6                      ha 0.0                     kg/ha/h 8,760       h/y 0 % Control

WE - Stockpiles other - SRSF 2,166                                            47.1                      ha 0.0                     kg/ha/h 8,760       h/y 30 % Control

WE - ROM stockpiles 8,146                                            2.1                        ha 0.4                     kg/ha/h 8,760       h/y 3.28 m/s (annual average ws) 0 % Control

WE -  soil stockpiles -                                                -                       ha 0.0                     kg/ha/h 8,760       h/y 0 % Control

WE -  Salt encapsulation cells 578                                               8.8                        ha 0.0                     kg/ha/h 8,760       h/y 0 % Control

Grading roads 355                                               37,171                 km 0.02                   kg/km 8              speed of graders in km/h 4,646        grader hours 50 % Control

Total PM2.5 emissions for Year 5 (kg/yr) 36,007                                                         
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Appendix 4 

  

DZP Odour Monitoring Report 
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Appendix 5 

  

Greenhouse gas emission calculations 
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Diesel 
GHG emissions from diesel consumption were estimated using the following equation: 
                  

where: 

ECO2-e = Emissions of GHG from diesel combustion (t CO2-e) 

Q = Estimated combustion of diesel (GJ)
1 

EF = Emission factor (scope 1 or scope 3) for diesel combustion (kg CO2-e/GJ)
2 

1
 GJ = Gigajoules 

2 
 kg CO2-e/GJ = kilograms of carbon dioxide equivalents per gigajoule 

 

The quantity of diesel consumed in GJ is calculated using an energy content factor for diesel of 

38.6 gigajoules per kilolitre (GJ/kL).  Greenhouse gas emission factors and energy content for 

diesel were sourced from the NGA Factors (DCCEE, 2012).  As discussed in Section 2.4 there 

are three transport options that would use a combination of road and rail to transport materials 

to and from the Proposal. The Scope 3 emissions for all three scenarios have been calculated. 

The estimated annual and project total GHG emissions from diesel usage are presented in 

Table 1. 

Table 1:  Estimated CO2-e (tonnes) for Diesel Consumption 

Phase 
 

Fuel 
Usage 
(kL) 

Emission Factor 
(kg CO2-e/GJ 

Energy 
Content  
(GJ/kL) 

Emissions (t CO2-e) Total 
 

Scope 1 Scope 3 Scope 1   Scope 3 

Transport Option A 8,921 69.9 5.3 38.6 4,278  1,501  5,778  

Transport Option B 7,090 69.9 5.3 38.6 4,278  1,126  5,404  

Transport Option C 6,996 69.9 5.3 38.6 4,278  1,107  5,385  
Total Diesel Option A 178,423 69.9 5.3 38.6 85,552  30,015  115,567  

Total Diesel Option B 141,799 69.9 5.3 38.6 85,552  22,523  108,075  

Total Diesel Option C 139,928 69.9 5.3 38.6 85,552  22,140  107,692  

 

Liquefied Petroleum Gas 

Greenhouse gas emissions from Liquefied Petroleum Gas (LPG) consumption were estimated 

using the following equation:                  

where: 

ECO2-e = Emissions of GHG from LPG combustion (t CO2-e) 

Q = Estimated combustion of LPG (GJ)
1 

EF = Emission factor (scope 1) for LPG combustion (kg CO2-e/GJ)
2 

1
 GJ = giga joules 

2 
 kg CO2-e/GJ = kilograms of carbon dioxide equivalents per gigajoule 

 

The quantity of LPG consumed in GJ is calculated using an energy content factor for LPG of 

26.2 gigajoules per kilolitre (GJ/kL).  Greenhouse gas emission factors and energy content for 

LPG were sourced from the NGA Factors (DCCEE, 2012). The estimated annual and Proposal 

total GHG emissions from LPG usage are presented in Table 2. 
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Table 2:  Estimated CO2-e (tonnes) for LPG Consumption 

Phase 
 

Fuel Usage 
(kL) 

Emission Factor 
(kg CO2-e/GJ 

Energy 
Content  
(GJ/kL) 

Emissions (t CO2-e) Total 
 

Scope 1 Scope 1  

Average 
operational year 

26,000 60.8 26.2 41 41 

20 year life of 
Proposal 

520,000 60.8 26.2 828 828 

 

Compressed Natural Gas 

Greenhouse gas emissions from Compressed Natural Gas (CNG) consumption were 

estimated using the following equation:                  

where: 

ECO2-e = Emissions of GHG from CNG combustion (t CO2-e) 

Q = Estimated combustion of CNG (GJ)
1 

EF = Emission factor (scope 1) for CNG combustion (kg CO2-e/GJ)
2 

1
 GJ = giga joules 

2 
 kg CO2-e/GJ = kilograms of carbon dioxide equivalents per gigajoule 

 

The quantity of CNG consumed in GJ is calculated using an energy content factor for CNG of 

0.039 gigajoules per kilolitre (GJ/m3).  Greenhouse gas emission factors and energy content 

for CNG were sourced from the NGA Factors (DCCEE, 2012). The estimated annual and 

Proposal total CNG emissions from CNG usage are presented in Table 3. 

Table 3:  Estimated CO2-e (tonnes) for CNG Consumption 

Phase 
 

Fuel Usage 
(m

3
) 

Emission Factor 
(kg CO2-e/GJ 

Energy 
Content  
(GJ/m

3
) 

Emissions  
(t CO2-e) Total 

 
Scope 1 Scope 1  

Average 
operational year 

28,978,022 51.3 0.039 58,456  58,456  

20 year life of 
Proposal 

579,560,440 51.3 0.039 1,169,129  1,169,129  

Blasting 

Greenhouse gas emissions from blasting ammonium nitrate-fuel oil (ANFO) usage were 

estimated using the following equation:                  

where: 

ECO2-e = Emissions of greenhouse gases from blasting using ANFO (tCO2-e/annum) 

Q = Estimated blasting using ANFO (tonnes/annum)
1 

EF = Emission factor (scope 2 or scope 3) for blasting using ANFO (kgCO2-e/kWh)
2 

 

1 
kWh/annum = kilowatt hours per annum 

2
 kgCO2-e/kWh = kilograms of carbon dioxide equivalents per kilowatt hour 

 

Greenhouse gas emission factors were sourced from the NGA Factors (DCCEE, 2012).  The 

estimated annual and Proposal total GHG emissions from ANFO usage are presented in 

Table 4. 
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Table 4:  Estimated CO2-e (tonnes) for On-site ANFO Use 

Phase ANFO Usage (t) 

Emission Factor (kg 
CO2-e/t 

Emissions  
(t CO2-e) Total 

 
Scope 1 Scope 1  

Average 
operational year 

246 0.17 45 45 

20 year life of 
Proposal 

5,280 0.17 898 898 

Electricity 

Greenhouse gas emissions from electricity usage were estimated using the following equation:  

                 

where: 

ECO2-e = Emissions of greenhouse gases from electricity usage (tCO2-e/annum) 

Q = Estimated electricity usage (kWh/annum)
1 

EF = Emission factor (scope 2 or scope 3) for electricity usage (kgCO2-e/kWh)
2 

 

1 
kWh/annum = kilowatt hours per annum 

2
 kgCO2-e/kWh = kilograms of carbon dioxide equivalents per kilowatt hour 

 

Greenhouse gas emission factors were sourced from the NGA Factors (DCCEE, 2012).  The 

estimated annual and Proposal total GHG emissions from electricity usage are presented in 

Table 5. 

Table 5:  Estimated CO2-e (tonnes) for Electricity Use 

Phase 
Electricity Usage 
(GWh) 

Emission Factor (kg 
CO2-e/kWh 

Emissions  
(t CO2-e) Total 

 
Scope 2 Scope 2 

Average 
operational year 

137 0.88 120,560 2,411,200 

20 year life of 
Proposal 

2,740 0.88 2,411,200 2,411,200 

 

Calcium carbonate 
Greenhouse gas emissions from usage of calcium carbonate at the processing plant were 
estimated using the following equation:  
                 

where: 

ECO2-e = Emissions of greenhouse gases from electricity usage (tCO2-e/annum) 

Q = Estimated calcium carbonate usage (tonnes/annum)
 

EF = Emission factor for calcium carbonate usage (kgCO2-e/tonne)
 

 

Greenhouse gas emission factors were sourced from the NGA Factors (DCCEE, 2012).  The 

estimated annual and Proposal total GHG emissions from use of calcium carbonate are 

presented in Table 6. 
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Table 6:  Estimated CO2-e (tonnes) for calcium carbonate usage 

Phase 
 

Calcium 
carbonate usage 
(tonnes) 

Emission Factor (kg 
CO2-e/kWh 

Emissions  
(t CO2-e) Total 

 
Scope 2 Scope 2 

Average 
operational year 

195,000 0.396 77,220  77,220  

20 year life of 
Proposal 

3,900,000 0.396 1,544,400  1,544,400  

 

 


