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2849 USGS NLCD92 (National Land Cover Dataset 1992)

Group iD Description NLCD92

Urban and built-up tand U1 City, Town, Commercial 23
U200 Abandoned village 21

U201 Thai Village 21

U202 Hitl tribe village 21

U203 Moken Village 21

U3 Institutional land 23

U401 Airport 23

402 Railway station 23

U403 Bus station 23

uao4 Harbour 23

U405 Road 23

U406 Railway 23

U500 Abandoned factory 23

U501 Industrial estate 23

U502 Factory 23

U503 Agricultural product trading centers 23

U600 Abandoned area 23

U601 Recreation area 85

U602 Resort, Hotel, Guesthouse 22

U603 Cemetery 85

U604 Refugee camp 21

U605 Gasoline Station 23

u7 Golf course 85

Forest land F100 Disturbed evergreen forest 42
F101 Dense evergreen forest 42

F200 Disturbed deciduous forest 41

F201 Dense deciduous forest 41

F300 Disturbed mangrove forest 91

F301 Dense mangrove forest 91

F400 Disturbed swamp forest 91

Fao1 Dense swamp forest 91

F500 Disturbed forest plantation 43

F501 Dense forest plantation 43

F6 Agro — forestry 43

F700 Disturbed beach forest 43

F701 Dense beach forest 43

RNP/ENV-P/POA0TT/maRwIn/RT6001-0@nudNn 50 Wi 1
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Y94 USGS NLCD92 (National Land Cover Dataset 1992) (sia)

Group D Description NLCD92

Water body W101 River, Canal 11
W102 Natural water resource 11

W201 Reservoir 11

w202 Farm pond 11

W203 Irrigation canal 11

Miscellaneous land M101 Grass 71
M102 Scrub 51

M103 Bamboo 51

M2 Marsh and Swamp 92

M300 Abandoned mine, pit 32

M301 Mine 32

M302 Laterite pit 32

M303 Sand pit 32

M304 Soil pit 32

Ma01 Material dump 31

M402 Landslide 31

M403 Rock out crop 31

Ma04 Oil Field 31

M405 Landfill 31

M5 Salt flat 31

Mé Beach 31

M7 Garbage dump 31

Agricultural land A0 Integrated farm/ Diversified farm 33
A100 Abandoned paddy field 84

A101 Active paddy field 83

A200 | Abandoned field crop 84

A201 Mixed field crop 82

A202 Corn 82

A203 Sugarcane 82

A204 Cassava 82

A205 Pineapple 82

A206 Tobacco 82

A207 Cotton 82

A208 Mungbean 82

A209 Soybean 82

A210 Peanut 82

A211 Kenaf, Jute 82

A212 Black bean, Red bean 82

RNP/ENV-P/P04077/01ARuNn/RT6001-n1ANWIN 50 w1 2
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Y94 USGS NLCD92 (National Land Cover Dataset 1992) (¢a)

Group D Description NLCD92
A213 Sorghum 83
A214 Castor bean 82
A215 Sesame 83
A216 Upland rice 83
A2L7 Potato 82
A218 Jam potato 82
A219 Sweet potato 82
A220 Watermelon 82
A221 Millet 82
A222 Ginger 82
A223 Cabbage 82
A224 Tomato 82
A225 Aloe Vera 82
A226 Agave 82
A227 Paper mulberry 82
A228 Sunflower 82
A229 Chili 82
A230 Wheat 83
A231 Barley 83
A232 Rye 83
A233 Opium 82
A234 Marihuana 82
A235 Roselle 82
A236 Taro 82
A300 Abandoned perennial 33
A301 Mixed perennial 61
A302 Para rubber 61
A303 Oil palm 61
A304 Eucalyptus 61
A305 Teak 61
A306 Magosa 61
A307 Casuarina 61
A308 Acacia 61
A309 Pterocarpus sp. 61
A310 Gmelwa sp. 61
A311 Mangrove 61
A312 Coffee 61
A313 Tea 61

RNP/ENV-P/PO40T7/0ANUIN/RTE001-AARLAN 50 Wi 3
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Y84 USGS NLCD92 (National Land Cover Dataset 1992) (si9)

Group D Description : NLCD92
A314 Mulberry 61
A315 Bamboo 61
A316 Kapok 61
A317 Betel palm 61
A318 Rain tree 61
A319 White cheesewood 61
A320 Croton sp. 61
A321 Indian mahogany 61
A322 Agalloch 61
A323 New Guinea labula 61
A400 Abandoned orchard 33
AdO1 Mixed orchard 61
A402 Orange 61
A403 Durian 61
A404 Rambutan 61
AdQ5 Coconut 61
Ad06 Lychee 61
A407 Mango 61
A408 Cashew 61
A409 Jujube 61
A410 Custard apple 61
Adl1l Banana 61
Ad12 Tamarind 61
Ad13 Longan 61
Adl4 Guava 61
A415 Papaya 61
Ad16 Jack fruit 61
A417 Santol 61
Ad18 Rose apple 61
Ad419 Mangosteen 61
A420 Langsat 61
A421 Salak 61
A422 Lime 61
A423 Sub-tropical fruit 61
Ad24 Manila tamarind 61
A425 Elaeocarpaceae 61
Ad26 Dragon fruit 61
A427 Pomelo 61

RNP/ENV-P/PO4OT7/0PNUIn/RT6001-A1ANUIN 50 e 4
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Y84 USGS NLCD92 (National Land Cover Dataset 1992) (sia)

Group D Déscription NLCD92
A428 Sapodilla 61
A429 Marian Plum 61
A430 Burmese grape 61
Ad31 Pomegranate 61
A500 Abandoned horticulture 33
A501 Mixed horticulture 61
A502 Truck crop 82
A503 Floricuttural/ Ornamental plant 61
A504 Grapes 61
A505 Pepper 82
A506 Strawberry 61
A507 Passion fruit 61
A508 Raspberry 61
A509 Herbs 71
A510 Grass plantation 71
A511 Rattan 82
A512 Cantaloupe 82
A513 Okra 82
A514 Asparagus 82
A515 Mushroom 21
A600 Bush fallow 84
AT00 Abandoned farm house 21
AT01 Pasture 81
A702 Cattle farm house 21
AT03 Poultry farm house 21
A704 Swine farm house 21
A801 Mixed aquatic plant 92
A802 Reed 92
A803 Lotus 92
A804 Water chestnut 92
ABO5 Water chestnut 92
ABO6 Water spinach 82
A807 Watercress 92
A900 Abandoned aquacultural land 11
A901 Mixed aquacultural land 11
A902 Fish farm 11
A903 Shrimp farm 11
A904 Crab/ Shellfish farm 11
A905 Crocodile farm 11

RNP/ENV-P/POA077/nanuin/RT6001-nAKuAN 50 ‘Viﬁ’] 5
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** Generated by AERSURFACE, dated 13016
** Generated from "C:\Users\BENJAMAPORN\Desktop\AERMET 28T HUAIPONG 13-
15\RASTERTOUSED_l.tif"

** Center Latitude (decimal degrees): 12.973786
** Center Longitude (decimal degreesg): 101.212844
*% Datum: NADS3

** Study radius (km) for surface roughness: 3.0

** Ajrport? N, Continuous snow cover? N

** Surface moisture? Wet, Arid region? N

** Month/Season assignments? User-specified

** Late autumn after frost and harvest, or winter with no snow:
** Winter with continuous snow on the ground: 0

** Transitional spring (partial green coverage, short annuals):
** Midsummer with lush vegetation: 1 2 3 4 56 7 8 9 10 11 12
** Autumn with unharvested cropland:

FREQ SECT MONTHLY 8

SECTOR 1 0 45

SECTOR 2 45 90

SECTOR 3 90 135

SECTOR 4 135 180

SECTOR 5 180 225

SECTOR 6 225 270

SECTOR 7 270 315

SECTOR 8 315 360

** Month Sect Alb Bo Zo

SITE CHAR 1 1 0.17 1.16 0.278
SITE_CHAR 1 2 0.17 1.16 0.202
SITE_CHAR 1 3 0.17 1.16 0.248
SITE_CHAR 1 4 0.17 1.16 0.094
SITE CHAR 1 5 0.17 1.16 0.276
SITE CHAR 1 6 0.17 1.16 0.267
SITE_CHAR 1 7 0.17 1.16 0.290
SITE CHAR 1 8 0.17 1.16 0.351
SITE CHAR 2 1 0.17 1.16 0.278
SITE CHAR 2 2 0.17 1.16 0.202
SITE_CHAR 2 3 0.17 1.16 0.248
SITE CHAR 2 4 0.17 1.16 0.094
SITE_CHAR 2 5 0.17 1.16 0.276
SITE _CHAR 2 6 0.17 1.16 0.267
SITE_CHAR 2 7 0.17 1.16 0.290
SITE CHAR 2 8 0.17 1.16 0.351
SITE_CHAR 3 1 0.17 1.16 0.278
SITE_CHAR 3 2 0.17 1.16 0.202
SITE CHAR 3 3 0.17 1.16 0.248
SITE_CHAR 3 4 0.17 1.16 0.094
SITE CHAR 3 5 0.17 1.16 0.276
SITE_CHAR 3 6 0.17 1.16 0.267
SITE CHAR 3 7 0.17 1.16 0.290
SITE CHAR 3 8 0.17 1.16 0.351
SITE CHAR 4 1 0.17 1.16 0.278
SITE CHAR 4 2 0.17 1.16 0.202
SITE_CHAR 4 3 0.17 1.16 0.248
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This manual may be reproduced in whole or part for study or training purposes subject to the
inclusion of an acknowledgment of the source. It may be reproduced in whole or part by those
involved in estimating the cmissions of sut for the purpose of National Pollutant
Inventory (NPI) reporting. The manual may be updated at any time. Reproduction for other
purposes requires the written permission of the Department of Sustainability, Environment,
Water, Population and Communities

GPO Box 787, Canberra, ACT 2601,

c-mail:

Disclaimer

The manual was prepared in conjunction with Australian states and Territorics according to
the National Ei L P 1 (National Pollutant Invemtory) M

While reasonable efforts have been made to ensure the contents of this manual are factually
correct, the Commonwealth does not accept responsibility for the accuracy or completeness of
the contents and shall not be liable for any loss or damage that maybe occasioned directly or
indirectly through the use of. or reliance on. the contents of this manual.
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1 Introduction

The purpose of all Emission Estimation Technique (EET) manuals is to assist Australian
manufacturing, industrial and service facilities to report emissions of NP1 substances to the
National Poliutant Inventory (NPI}. This manual describes the procedures and recommended

Py hes for estimath issions from facilitics engaged in the mining of coal and
metalliferous minerals.

The mining industrics covered in this manual are: coal, iron ore, bauxite, copper ore. gold ore,
nickel ore, silver-lead-zine ore, uranium ore and other metatlic ores.
EET MANUAL: Mining
ANZSIC CODES: 0600, 0801, 0802, 0803, 0804, 0805, 0807 and 0809

This manual was prepared by Sustainable Infrastructure Australia (S1A), on behal{ of the
Austratian Government.

The manual has been developed through a process of national consultation involving state and
territory environmental departments and key industry stakeholders. Particular thanks are due
to the Mincrals Council of Austratia (MCA), Greenbase Pty Ltd and the Clean Air Society of
Australia and New Zealand (CASANZ) as well as their members for their comments, advice
and information,
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2 Process description

The mining activities covered by this EET manual include operations at both open-cut and
underground mines. Generic process flow diagrams are provided in Figures 1 and 2 . Because
cach mine is unique, you may need to develop a facility process diagram for your own
operations, identifving the main activities or processes that involve NPI substances, and the
emissions and transfers resulting from the operation of cach activity or process,

The coal and mineral mining activitics covered by this manual are those primarily for the
production of raw materials for the manufacture of metals and alloys. The geological strata in
which these mincrals oceur contain a wide range of inorganic compounds that need to be
considered in assessing potential pollution sources from mining and washery operations. In
Australia, open cut and underground mining techniques are used for coal and metallic ores.

2,1 Mining of coal

2.1.1  Open-cut mining for coal

Figure 1: Open-cut/underground coal mining facility process diagram

Figure | is a generalised facility process diagram for open-cut coal mining. In general open-
cut mining occurs in layers as material is excavated over a period of time.

The main activities carried out at open-cut coal mines that could lead to emissions to air,
water, and fand, or transfers of NPI substances, are as follows:

« removing vegetation and topsoil

« drilling and blasting overburden and coal
« removing and placing overburden

« cxtracting, transporting and dumping coal

« breaking and sizing of coal

Mining version 3.1 - January 2012 2




washerv and workshop operations

transporting and placing washery rejects

wind erosing from cxposed areas and stockpiles

rehabilitation,

2.1.2  Underground mining
Figure 1 also includes a description of underground coal mining. In general underground
mining occurs in horizontal tunncls with access to the surface via large vertical shafts.

The main activities carried out at underground coal mines that could lead to cmissions to air.
water. and fand, or transfers of NPI substances, arc as follows:

carthmoving

shaft/drift access and vemtilation development

underground drifling and blasting emissions where exhausted from the mine through
ventilation shafts

extracting, transporting. and dumping coal

breaking and sizing of coal

washery, workshop, and power plant operations

transporting and placing washery rejects

wind erosing from exposed arcas and stockpiles

rehabilitation.

2.2 Mining of metallic ores

2.2.1 Open-cut mining for metallic ores

Figure 2: Open-cut/underground metallic ore mining facility process diagram.

Figure 2 is a generalised facility process diagram for open-cut metallic ore mining. In general
open-cut mining oceurs in layers as material is excavated over a period of time. The main
activities carried out at open-cut orc mines that could lead to emissions to air, water, and land
or transfers of NPI listed substances in waste are as follows:

removing vegetation and topsoil

drilling and blasting overburden

drilling and blasting of ore

removing overburden and ore

transporting and stockpiling overburden

extracting, transporting, and dumping ore

crushing ore

floatation and thickening

ore beneficiation;

workshop operations

rehabilitation.

2.2.2 Underground mining
Figure 2 also includes a description of underground metallic ore mining. In general
underground mining occurs in horizontal tunncls with aceess to the surface via large vertical
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shafts.

The main activities carried out at underground ore mines that could lead to emissions to air,
water, and land arc as follows:

s carthmoving associated with the development of the surface facilitics

« shaf/decline access and ventilation devel

extracting, transporting, and dumping orc

crushing orc (including primary, sccondary and tertiary crushing)

floatation and thickening

ore beneficiation

.

washery, workshop, power plant operations.

3 Threshold calculations

The NPI has six different threshold categories (1, 1a, 1b, 2a, 2b and 3), and cach NP1
substance has at least one reporting threshold. If an NP1 substance exceeds a threshold all
cmissions of that substance from the facility must be reported. In the case of mining
operations, the tripping of substance thresholds is likely to result from:

« materials contained in the raw ore and waste rock
+ materials used in the extraction of products from the ore
« fucl storage / usage.

Other on-site operations may also result in threshold exceedences, including the transfer of
NPI substances such as total nitrogen and fotal phosphorus in aqueous waste.

For detailed information on how to determine if vour facility has tripped thresholds, please
refer to The NP1 Guide which provides detailed information on thresholds and methods for
identifving cmission sources.

3.1 Developing a substance usage inventory

The first step in determining whether Category 1, la or 1b reporting thresholds have been
tripped is preparing a materials and substance inventory for your facility,

3.1.1 Common chemicals

When preparing a materials inventory, determine the mass of all materials that have been
used, for example, the mass of chemicals used in the mining or beneficiation process,
including:

coolants - Ethylene glycol

Icad nitrates - fead and compounds

sulfuric acid

solvents (e.g. MIBC, trichlorocthane) - toral FOC

xanthates - precursor of carbon disulfide

ammonia (total)

hydrochloric acid

cyanide {inorganic) compounds

copper sulfate - copper and compounds.

For the purposes of NPI “usage” is defined as the handli €, [INpOrT, processing.
coincidental production, or other use of a substance.
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3.1.2 Common fuels N
Also, the mass of fuels that enters the facility needs to be collected. Information on the
amount of fuel combusted will contribute to Category 2a/2b emissions and the amount of fucl
stored will contribute to Category 1a for emissions of volatile organic compounds. Common
fuels in use include:

« dicsel
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petrol

* coal

residual oif
LPG/CNGpbiodiesel.

Typically diesel fuel is the predominant fuel used on mining sites, the FOC composition of
diesel fuel is 7.6 per centand the fuel density is 0.836 kg/L. The storage or usage of
approximately 394.000 L of diesel will trip the Category la threshold for the usage of 23,000

used in reporting period = {100,000 x 41/1,000 + 2,540,000 x 70/1.000)/1,000
= 1821

In this example, the total mass of manganese and compounds used by the facility is 182
tonnes. Therefore, the Category | threshold for manganese has been tripped and all emissions
and datory transfers of and pounds must be reported to the NPL

kg of Toral VOCs.

Furthermore, the mass of materials used for ancillary activities such as maintenance works
and equipment cleaning is required to be included to determine the mass of each NPI

b used. These sub could also be found as components of paints and solvents.
In addition, emissions which result from coincidental production also needs to be considered.

The next step is to determine the amount of cach NPI substance in cach material used during
the reporting year. This process is called material speciation. Material speciation profiles
detail the concentration of cach substance (or species) within cach material. They can be
obtained from Material Safety Data Sheets (MSDSs) or from the supplier of the material. If
site specific material speciation profiles are not available. use the speciation profiles detailed
in Table 1,

Table 1: Location of useful material speciation profiles to determine substance usage

¢

o Diesel
NPIEET manual for Fuel and Organic Liquid Storage
« Fueloil
* Crude oif
s Painls :
NPI EET manual for Surface Coating
* Solvents
Example 1: Calculating the total mass of Category 1 substances used
This example shows how the usage of and ds is calculated from a facility

that handles coal and bauxite. The following data are av: mlablc

Example 2: Calculating usage across reporting periods

Depending on ore grade requi. forp ing, blending of ores of different grades

often occurs. This can result in ore being mined and being placed in an intermediate stockpile
for time periods which may cross over from one NPJ reporting period to another.

If a mine has extracted material during the first year and placed it into storage, and then
processed it in the next year, then the usage during the second year would be counted on the
first movement of the material as it was moved from storage to be processed. In this situation,
usage is be based on the first movement in the process: any subsequent movements would not
need 1o be included as part of the usage, but multiple process specific movements or process
steps need to be taken into account when determining emissions.

1f a material has already been counted for usage during the reponting period, funl\cr
reprocessing will not contributc to additi 1 usage to climi double

3.2 Fuel combustion and explosives

Fuel is commonly used on mining facilitics for vehicles, equipment and in some cases as part
of explosives. For detailed information on how to determine if vour facility has tripped
thresholds for the usage of fuel, please refer to The NPI Guide.

Fuel used during blasting activities needs 1o be considered when assessing if 1 tonne or more
of fitel or waste has been burnt in an hour during the reporting period.

If your facility trips either the Category 2a or 2b thresholds you must estimate and report any
emissions of the substances listed in the relevant category.

Mass of coal used = 160,000 th
i . ) If Category 2a or 2b hm e been wripped, PM- 5 is only repartable for combustions sources,
Mass of bauxite used = 2,540,000 v other p ial sources inch kpiles and road surfuces are excluded.
Concentration of manganesce and
compounds in coal used = 41 mg/kg
Concentration of manganesc and
compounds in bauxite used = 70 mg/kg
Mass of manganese and compounds
Mining version 3.1 - January 2012 7 Mining version 3.1 - January 2012 3
4 Estimation of Emissions and Transfers
Metals Speciation:

Esti of emissions of NP sub to air, water and land should be reported for cach
substance that triggers a threshold. The NPI substance list and detailed information on
threshoids are contained in The NPI Guide. 1n gencral, there are five emission estimation
techniques (EETSs) that may be used to estimate emissions from your facility:

sampling or direct measurement

mass balance

fuel analysis or other engincering calculations

cmission factors

» approved altemnatives.

Sclect the EET, (or mix of EETs), that is most appropriate for your purposes. For example,
vou might choose 1o use the mass balance technique 0 best csumalc fugitive losses from

pumps and vents, direct for stack emi and ion factors when
estimating losses from storage tanks and stockpiles.

If vou estimate your emission by using any of these EETs, your data will be displayed on the
NPI database as being of “acceptable reliability”. Similarly, if vour relevant environmental
department has approved the use of EETS that are not outlined in NPJ reporting guidance
materials, your data will also be displayed as being of “acceptable reliabifity”.

This manual secks 1o provide the most effective emission estimation techniques for the NP1
substances refevant to this industry. However, the absence of an EET for a substance in this or
other NPI reporting guidance materials does not necessarily imply that an emission should not
be reported to the NPL The obligation to report on all relevant emissions remains if reporting
thresholds have been exceeded.

You are able 10 use emission estimation technigues thar are not outlined in NPI guidance
materials. You must, however, seek the consem of your relevaur emtromuemal agency. For
example, if your company has lop 57 ques, you

may use these if approved by your relevant enwmmncnlal agency

You should note that the EETs presented in this manual relate principally to average process
cmissions. Emissions resulting from non-routine events are rarely discussed in the literature,
and thcrc is a general lack of EETs for such events. However, it is mxponant 1o recoguise that

lting from significant operating excursions and/or accid ions {¢.g.
spils} will also need to be estimated. Emissions to land, air and water from spills must be
estimated and added to process emissions when caleulating total emissions. The emission
resulting {rom a spill is the net emission, i.e, the quantity of the NPI substance spilled. less the
quantity recovered or consumed during clean up operations.
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Reporting facilities have the aption to report either:
{a) the 1otal emissions of each of the metals for which reporting is triggered, or
(b} the individiial compounds {or species) that comprise the emission, providing the total

enissions sum 1o the rowal metal emissions from the faciliy, You must, however, seek the
consent of your relevant environmental agency for the use of EETs for metal speciation.

4.1 EETs in this manual

Emission estimation techniques in this manual are divided into four main sections. as follows:
« Emissions to Air (Section 5)

« Emissions to Water (Scction 6)

+ Emissions to Land {Section 7)

e Transfers (Section 8)

The emissions to air section is divided into two separate sections {or coal and for metallic ore
mines. The other sections are applicable to cither mine type.

Each of these sections follows the same general structure:

* general background information:

» what is to be reported

* cmission estimation techniques.

Where relevant, these include default emission factors as well as guidance on the application
of these or other EETs 1o characterising emissions. Appendix A provides a detailed
description of the sources of the particulate emission factors presented in Section 4.

Appendix B provides a series of worked examples to illustrate the application of the EETs for
emissions to water and land.

4.2 Emission Factor Rating

Many published emission factors have an associated emission {actor rating (EFR) code. These
EFR codes are based on rating systems developed by the United States Environmental
Protection Agency (USEPA), and by the European Envirenment Agency (EEA).
Consequently, the ratings may not be dircctly relevant to Australian industry, Where
available, EFR codes have been provided in this manual. However, these EFR codes will not
form part of the public NP] database.

For more information about emission factor ratings, pleasc refer (o The NPI Guide.
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5 Emissions to air

The main emissions 1o air from mining operations consist of wind-borne dust. and the
products of combustion from blasting, vehicle usage, materials handling and, mine power
generation (if any). Depending on the levels at which they are present, race metals in mined
material as well as the primary metal being mined could also lead to the Category 1 or 1b
reporting threshold being triggered.

In most cases fugitive air emissions can be estimated using emission factors combined with
site-specific information such as the silt and moisture content of material being handled.

Most of the work in developing emission factors for fugitive emissions has been undertaken
in the United States (see USEPA (1985) and USEPA (1998)). Some work has also been
undertaken in Australia (sce State Pollution Control Commission (SPCC) (1983) and National
Energy Rescarch and Demonstration Council (NERDDC) (1988)). Although the Australian
work is not nearly as comprehensive as the US work, it is useful because it confirms that the
US emission factors are relevant for Australian conditions provided that appropriate variables
arc used. The A lian work also highlights those cmission factors that are not appropriate
for particular operations.

The emission factors presented in this manual should be used with caution. You should
always consider the range of conditions under which the factors were developed to assess
whether the factors are suitable for the particular activity being considered. To assist in
assessing the suitability of a specific cmission factor for your particular operations, a detailed
discussion of the sources of the various emission factors presented can be found in Appendix
A of this manual.

USEPA emission factors are published in a larg,c number of references, and are often referred
to in different ways. The most prek pilation of emission factors is that in the
USEPA document referred to as AP-42, Chap\crs from AP-42 are updated periodically and
are available from the USEPAs website'.

Often the date of the reference will be given as the date of the re-formatting of the AP-42
chapter. Different chapters have been reformatted in different years.

In this mannal, for example, veference is made to USEPA (1998). This is 1aken from a version
of AP-42 Chapter 11 that was re-formatted in 1995, Some authors will reference ihis as
USEPA {1995). This chapier of AP-42 includes work done in the late 1970s and the 1980s.

5.1 Overview of air emission sources
The air emissions considered in this manual are:

fugitive cmissions of particulate matter (Section 5.3.1.1) and metals (Section 5.3.1.2)

exhaust emissi from mining i {Section 3.5)

. issions from sp bustion (Section 3.6}

volatile organic compound (Total VOC) emissions (Section 5.7)

emissions of carbon disulfide from flotation processes {Section 5.8): and

. issions from power ion and bustion proc {Section 5.9).

Guidance on emission control technologies and post process emission reductions is discussed
in Section 5.4.

5.2 General equations for estimation emissions to air

Emission factors can be used to estimate emissions of TSP and PMyo to the air from various
sources. Emission factors relate the quantity of a substance emitted from a source to some
measure of activity associated with the source. Common measures of activity include distance
travelled, quantity of material handled, or the duration of the activity.

Emission factors are used to estimate a facility’s emissions by the general equation:

cE 1 .
Esryns = [ Ams % OP o ) EF agry {. W-WJ Equation 1
where;
E ety = cmission rate of pollwtant i, kg/vr
Aty = activity rate, th
OF 1y = operating hours, hivr
ER oy = uncontrolled emission factor of pollutant i, kg/t
cE = overall control efficiency for poliutant i, kg/t
If no emission controls are used, Equation 1 reduces to
Egaryn = I A < OP wmjﬁ EFisiary Equation 2

For fugitive emissions of particulate matter and metals, uncontrolled emission factors are
provided in Sections 5.3.1 and 5.3.2 of this manual. Emission reduction efficiencics for a
range of dust control measures are provided in Section 5.4. Controls are multiplicative when
more than one control is applied (o a specific operation or activity,

For example, using controls from Table 4, water sprays used in conjunction with wind breaks
give an emission thatis { 1 - 0.5 )x (1-0.7 ) =0.15 of the uncontrolicd emission.

5.2.1 Mining coal

The major air emission from coal mining is fugitive dust. The PM,, component of dust is
reportable under the NPL. Reporting may be triggered by fucl combustion or on-site power
generation (see The NPI Guide for further information).

In addition, centain metals may need to be reported if fuel combustion exceeds the threshold,
or if NPI metals are present in the mined material in levels that lead 1o the Category 1 or 1b
threshold being exceeded. In these cases total suspended particulate (TSP) emissions will
need to be calculated (in addition to PMyp) to determine the metal emissions.

Mining operations can be considered as a series of unit operations (e.g. dragline operations,
shovel operations, truck haulage of materials). Table 2 provides emission factor equations and
default emission factors for emissions of both TSP and PM;y from mining. A detailed
explanation of the way in which these equations and factors have been determined is provided
in Appendix A. The emission equations should be used where site specific data such as silt
and moisture content is available, Othenwise, the default emission factors can be used.

3.2.1.1 Determination of PM o emissions
All emission factor ions and default emission factors listed in Table 2 are for

Muniing version 3.1 - Jenuary 2012

‘ining version 3.1 - Janwary 2012 2

uncontrofled emissions. Section 3.4 provides information on the efficiency of control
methods. This information can be incorporated into the determination of emissions as outlined
in Equation 1.

The process for determining PM;o emissions is:
1. Ideatify sources of emissions,

2. Obtain information on the scale of the activity (i.e. the activity data required to apply the
equation).

3. Apply the relevant PMie emission factor equation or default emission factor from Table 2
to the activity data (using Equatiors 2). A suitable surrogate for calculating vehiele
kilometres travelled (VKT) emissions may be to d ine the fuel ion in

various items of cquipment. Using typical fuel efficiencies, it should then be possible to
determine the total VKT,

4. Where applicable, apply control efficiency factors from Section 3.4 (using Equation 1).

5.2.1.2 Derermination of Metallic Emissions

A similar process can be used to determining emissions of those NPI-listed metals for which
reporting is required, except in this case you will need to use the TSP emission equations or
factors, rather than those for PMo.

The process for determining metals emissions is:

Identify sources of emissions (as for PMye).

[

Obtain information on the scale of the activity {as for PM;q).

wr

Apply the relevant TSP equation or emission factor to the activity.

4. Ifparticle size data are available, the proportion of TSP that constitutes the dust fraction
(i.c. fess than 50 microns) may be used to estimate metal emissions.

5. Estimate metal emissi Metal emissions can be esti d as a fraction of the TSP
cmissions, based on available assay data. Where assay data or site specific information is
not available for metals in TSP emissions, the default concentrations in Appendix B can
be used.

6. Where applicable, apply control efficiency factors from Section 5.4,

Although mcamplelc al lhe sime of i tssue of this manual, Geoscience Australia was
undertaking a Ne { survey of 2 ia which will provide region-specific
trace metal concentration data. The results of the study are due to be published in mid 20117

3.2.1.3  Deterninarion of acidic emissions

Information on the estimation of emissions from acid storage tanks can be found in the
Emission Estimation Technigue manual for Alumina refining. which can be found on the NPI
website,

? http: wwn g gov. a0 engrgy projects national-geochemical-survey himl
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5,214 Determination of VOC emissions from Fuel and Organic Liquid storage

Information on the estimation of emissions from fucl or organic liquid storage tanks can be
found in the Emission Estimation Technigue manual for Fuel and organic liguid storage.
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When applying emission factors from Table 2, information on moisuire and sil contents for
US mines can be found in Secrion 11.9 fiable 11.9-3) of AP-42. However where possible,
information based on local conditions shonld be used,

5.2.2  Mining of metalliferous minerals

As for the mining of coal, the major fugitive cmission from metalliferous mining is dust, of
which the PM;, fraction is reportable under the NPI. Reporting is triggered by the fuel burnt
at the facility (see The NPI Guide for further information). In addition, emissions of certain
metals will need to be reported if fuel combusted exceeds the defined thresholds, or if NPI-
lisied metals are present in the mined ore or waste in levels which lead to the Category 1
threshold being exceeded. In this case, total suspended particutate {TSP) emissions will need
to be calculated (in addition to emissions of PM;p) to determine the metal emissions.

Many of the activities at metalliferous mines will be the same as for coal mining. In these
situations, the mining emission factors and cquations presented in Section 5.3.1 may be used
as an alternative if no other means of estimation is available. Table 3 provides default
emission factors for specific activitics associated with metalliferous mining. The table
presents factors for high-moisture® content ores and low moisture content ores. A discussion

of the sources of these emission factors is provided in Appendix A, Section 1.2

All emission factors are for uncontrolled emissions. Section 5.4 provides information on the
efficiency of control technologics. Factors in Table 4 can be incorporated into the caleulation
of emissions using Equation 1.

rencrally, « high-moisture ore is taken 1o be one that cither naturally, or &s a result of additional moisture al the primary
crusher (usually). has a moistire content of more than 4% by weight. However, exceptions apply. For hausite, the high
moisture ore threshold is 8% (Reference Pitt p304 and sighting of compahy reports). For ofes at Broken Hill, a site specific
definition shoutd be used. These definitions will need 1o be used with caution and focat knowledge.
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5.3 Control Technologies

There are a number of ways in which dust emissions {rom mining operations can be
controlled. Most dust controf techniques involve the use of water sprays to keep surfaces
damp, but there are also other methods. Table 4 summarises the methods used and the effect
they have on reducing dust emissions (Holmes Air Sci 1998). These are drawn from
control factors documented in USEPA (1998), discussions with Greenbase and Buonicore and
Davis (1992: Table 3, p 794).

Table 4: Estimated control factors for various mining operations

Conl Mines

Scrapers on topsoit 50% control when sofl is naturally or artificially moist
Dozers on cout or other material No control
9986 fox fabric filters
Drilling
0% for water sprays
Binsting coaf or overburden No control
Loading trucks No control
30% for level | watering (2 lires'm™/h)
Hauling 73% for fevel 2 watering (> 2 lires/m™/h)
1005 for seufed or salt-enerusted roads
Unloading tnicks 0% for water sprays
Draglines Control dust by minimising drop hei|

50% for water sprays
. 25% for variable height siacker
Loading stockpiles .
75% for telescopie chute with water sprays
99% for total enclosure

N o 50% for water sprays (unfess underground secovery then, no
Unloading from stockpiles controls neaded)
50% for Water sprays
30% for wind breaks
Gass closure
Wind erosion from stockpiles 99% for total enclosure
30% for primary earthworks (reshaping/profiling. drainage
structures installed)
30% for rock armour andéor tpsoil applied
36 for enclosure
Loading 1o trains
9% for enclosure and use of fabric filters
90% control alfowed for water sprays with chemicals
Miscellaneous transfer and conveying  70% for enclosure
94%% for enclosure and use of fabric filters
30% for primary rehabilitation
Wind erosion 40% for i lished but not d d 1o be seli-
sustaining. Weed control and grazing control
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60% for secondary rehabilitation

9075 for revegetation

160% for fully rehabilitated (release) vegetation
Metaliiferous Mines

30% for windbreaks

50%6 water sprays to keep ore wet
All activitios lised in Table 2 65% for hmdfng with cyclones

75% for hooding with scrubbers

83%% for hooding with fabric filters

100% enclosed or underground

50% for TSP

5% for PMyy

Sources: Holmes Alr Scimess (1998) and Greenbase (2009}

Pit retention

1 Controls are multiplicative when more than onz cantrol is applisd to a specific operation or activity, On stockpiles,
for example, water sprays used in conjunction with wind breaks give an cmission tat is

€1-0.555(1-07 )= 0.15 of the uncontrollad emission.
The cmission control factors as presented in Table 4 can be applicd to the uncontrolled
emissions as derived using the emission factors and equations p d in Table 2 and
Table 3 using Equation 1, as described in Scetion 5.3 of this manual.

5.4 Vehicle exhaust emissions
For vehicles, emission estimation techniques can be found in the Emission Estimation

hnique manual for Combustion Engines. Table 3 lists typical vehicles used on mine sites,
and how they are classified in the Emission E i finigue manual for Comb
Engines.

Table 5: Typical mining vehicle definitions

Haul Truck Of-highway truck
Water Cart {Small) Heavy Good Vehicle

Water Cart {Large} Off-highway truck

Loader Wheeled loader

Bogger Wheeled loader

Dozer Track Type Tractor
Wheeled Dozer Wheeled dozer

Tractor Wheeled tractor

Bobeal Wheeled loader

Backhoe Wheeled tractor

Excavator Track type loader

-Grader Motor Grader

Seraper Seraper

Drili Heavy Good Vchicle
Mining version 3.1 - January 2012 2




Jumbo Heavy Good Vehicle

Commercial (<31} Medium goods vehicle

Bus Bus C tal buses, 20 or more

Forklift Forkiift

Road Train Very Heavy Good Vehicie

Light Light Goods Vehicle Lt :\::‘f’i;f“‘;:‘_"h‘:wiﬁdmg 4WD,
Car Car Sedan, station wagon, small dWD, or LGV
Field Genertor Ground power unit Default power rating = <450kW
Compressor Ground power unit Default power rating = <450kW

Lighting Plant Ground power unit Default power rating = <450kW

Pump Ground power unit Default power rating = <430kW

Crane Wheeled wactor

Rollers Rotlers and Compactors

Concretelshoterete tucks  Heavy goods vehicle
Fuel trucks Heavy goods vehicle

Heavy service trucks Heavy goods vehicle

5.5 Spontaneous combustion

If it occurs, spontancous combustion in coal mines will contribute to emissions of PMyg, PMas
and other products of combustion from the mine site. However as this is a highly site specific
issue., there are no published emission factors that can be used, If spontancous combustion is
an issuc at a particular facility, it is the operator’s responsibility to develop a suitable
emission estimation technique to cnable these emissions to be reported under the NPL

5.6 Total Volatile Organic Compounds (Total VOCs)

In addition to the VOCs emitted from vehicle exhausts, there will also be emissions of VOCs
from workshops, cleaning and other site maintenance activities. In some instances, volatile
substances can be released during mining processes.

Emissions of volatile soivents can be estimated on the basis of annual usage, assuming that all
solvents are volatilised (i.c. released direet to air), Any vapour recovery or other control
systems, should be accounted for in characterising these emissions.

Emissions from the storage of fuel can be determined using the Emission Estimation
Technigue manual for fitel and organic liguid storage.

5.7 Carbon disulfide

Xanthates are widely used in Australia in flotation processes to concentrate sulfide ores. They
have the propensity to decompose in the presence of moisture and/or heat to produce carbon
disulfide, an NPI substance. When xanthates are used as a {lotation agent they arc usually pre-
mixed with water at concentrations of about 10 per cent. Tyvpical xanthates include sodium
ethyl xanthate (SEX) and sodium isobutyl xanthate (SIBX). Other xanthates and their
molecular weights are given in Table 6 below,

Table 6: Typical xanthates used in Austrlian mines

(tennes) (tonnes)
Potassium Amyi Xanthate KC.H,08; 202 26,300 13.300
Potassium Butyl Xanthate KC4H,08: 188 25500 12,500
Potassium Ethyl Xanthate KCH,08: 160 21,000 10,500
Potassium Isobuty] Xanthate KC.H:08; 188 24,500 12,500
Potassium [sopropyl Xanthate KCH-08, 174 23,000 11.500
Sodium Amyi Xanthate NaCeldy 08, 186 24,500 12,000
Sodium Butyl Xanthate NaCsH,08: 172 22,300 18,500
Sodium Ethyi Xanthate NaC,H,08; 134 19,000 9500
Sodium Isobuty! Xanthate NaCsH,08; 12 22500 11,500
Soditum Isopropy} Xanthate NaC,H-08; 158 21.000 10,500

Most of the xanthates are retained in the froth that contains the ore concentrate collected
during the flotation process. Some (approximately 1 per cent) will be discharged to the
tailings dam,

The ultimate fate and decomposition of xanthate is not completely understood. However for
the purposes of NPI reporting it can be assumed that 0.2 per cent will decompose
hydrolytically to release carbon disulfide. Heat and low pH will accelerate this process. In the
mining industry, xanthate solutions are usually used in a pH range of between 7 and 11. For
xanthates in the ore concentrate, decomposition will occur during drving or smelting,

The decomposition stoichiometry will vary with the form of xanthate used at particular
facilitics. Facilities should verify the stoichiometry based on their use of xanthate types. The
stoichiometry of xanthate composition. and hence carbon disulfide formation, will also vary
according to the pH.

Table 7: Typical xanthate decomposition rates

Alkaline
Acidic 1B
The emissions of CS» lting from use of xant} can be calculated using the following
cquation:
MWCS 0
Ecs, = D x0.2% x Myyangpy X some—2— Equation 3
o8 T R 4
Where
Ecs, = Emission of CS: (kg/yr)
0 = Decomposition Coefficient
[ — = Mass of xanthate consumed (kghr)
MWog, = Molecular weight of CS; (=76)
MW, mnate = Molecular weight of xanthate (See Table 6)
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Example 3: CS; emissions

A facility uses 150kg of sodium ethyl xanthate, and maintains the tatlings dam under alkaline
conditions.
MWis,

Ecg, =D x0.2% 5 Mg = morri—
cs; 0.2 xarrats [T

7%
Ecs, =05x0002x160x

Eqg, = 008kg

5.8 Power Generation

For facilitics with on-site power gencration, EETs can be found in the Emission Estimation
Technigue manual for Fossil Fuel Eleetric Power Generation. For sites that usc boilers (¢.g.
for steam raising), emission estimation techniques can be found in the Emission Estimation
Technigue manual for Combustion in Boilers. For sites that use dicsel engines, emission
estimation techniques can be found in the Emission Estimation Technique manual for
Combustion Engines.

6 Emissions to Water

6.1 Background

Emissions to water are site-specific and that there are no default emission factors currently
available to determine these emissions. The purpose of this section is to provide general
guidance on approaches that may be adopted to determine these emissions, using data that is
typically available (or can readily be gathered) for mining opcralmns Appcnd(\ B provides a
aumber of worked examples to iljustrate the application of the emi

techniques.

6.2 What needs to be reported?
Emissions of NPI substances to water can be categorised as discharges to:

o surface waters (lakes, rivers, dams, estuarics),
o coastal or marine waters, and
¢ stormwater runoff

Emissions of toxic substances to waterways may pose environmental hazards. Most {acilities
emitting NP substances to surface waters are required by their state or territory environment
agency to closely monitor and measure these emissions. Existing sampling data can be used to
caleulate annual emissions.

If no wastewater monitoring data cxists, emissions to water can be determined using a mass
balance. Discharge of NPI substances to a sewer or tailings dam is not regarded as an
emission to water but is reportable as a transfer. Further guidance on reporting transfers is
provided in Section § of this manual, 7he NPI Guide. and the Transfer Information Booklet.

6.3 Emissions Estimation

This manual provides a general guide on how site-specific data may be manipulated to
estimate the reportable emissions. You should note that you may use alternative EETs to
those specified in this manual, depending on the data available. As noted in Section 4,
approval for the use of EETs not presented in this manual will need to be obtained from your
relevant state or territory environmental agency.

1t s suggested that the best approach to determining emissions to water is to relate potential
emissions to the facility’s water management practices, The extent of catchment segregation
and facility water balances (which define oll aspecis of facility water management) can be
used to define both emissions and transfers.

W ith regard to emissions and ransfers, it is recaqmsed that actual emissions are highly
e on weather conditions over the reporting period. For example, a system may be
designed and operared 1o contain nm~oﬁ' from rainfail with a 1 in 3 - 20 year renomn period.

In that s of ions will be reguired where overflows have occurred.
Where reporiing is triggered but there are no emissions, the number reported is zero,
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6.3.1 Notes on Reportable Substances:
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6.3.1.1 Dissolved Sub; and Si { Sedh

Most metals are recovered from sulfides and silicates that have solubility coefficients of
<10 to 10™ /L. under neutral pH and redox conditions and are, therefore, cffectiv cly
insoluble. This means that these substances are generally handled as either a transfer or as an
emission 1o land.

Emissions of dissolved metals should be considered if the following substances occur and/or
are produced at the mine site: arsenic rioxide, borax, copper sulfate, and cobalt sulfate. In
acidic conditions, nickel oxide emissions should also be considered. In general, most soluble
compounds would be present in unsaturated conditions and longer retention times in
containment facilities would increase dissolved metal concentration towards saturation.

6.3.1.2 Volaile Organic and Chlorinated Hydrocarbons

Chiorinated hydrocarbon compounds (c.g. trichiorocthane and solvents such as methyl ethyl
ketone (MEK)) that arc used for plant and equipment maintenance are volatile and would be
expected to be either absent from the mine water system or occur at very low concentrations.

For the purposes of NP reporting, and in the absence ofspz:cxﬁc information (i.c. momxonng
data) regarding these sub it can be d that all emissions of volatile organic and
chlorinated hydrocarbons are to the atmosphere (refer Section 3.7) and that water emissions
are 7ero.

6.4 Overview of Water Emission Sources

Reportable metal compounds will be present in most site waters, altbeit in trace quantities.
These cmissions must be estimated and reported if thresholds are triggered as noted in Section
6.1 Transfers are also required to be reported: please refer to Section 8 for guidance on
reporting.

Sections 6.4.1 to 6.4.4 provide a description of the main sources of liquid efflucnts/emissions
from mine sites and relevant emission estimation techniques. The sources considered are:

* Process waters from mining
¢ Process waters from beneficiation
» Surface water runoff

» Leachate from stockpiles,

6.4.1 Process Waters from Mining

Most of the non-process related uses for process waters in mining will be classed as transfers.
For example, process water in underground mines is routinely used for dust suppression,
cooling of cquipment such as drills, continuous miners, and tunnel boring machines. Excess
waste waters from these activities are pumped to the surface {or treatment.

Emissions will be associated with overflows and/or discharges of excess mine process waters
to surface waters, coastal/marine waters, or ground LAl ions of NP1

(except those which are dirccted 1o, and contained by, purpose built facilities) are to be
reported if relevant thresholds have been tripped.

6.4.2  Process Waters from Beneficiation
Beneficiation of ore commonly involves crushing and flotation, using recycled water

i d by make-up water, to fate losses and 1o maintain quality at an
acceptable level for the process. The losses include cvaporation and water entrained with

product or waste materials. Water is also used to transport slurries (30-40 per cent solids)
within the plant and wastes or tailings to appropriate impoundments.

In most cases, beneficiation process water is recyeled. If that is the case, any NP1 substances
contained within the process water are neither emitted or transferred, as they are considered to
be retained within the process.

The NPI reportabie sut used or col 1y produced in the beneficiation process
can include substances such as ammonia, carbon disulfide from xanthate decomposition,
copper sulfate, inorganic cyanide compounds (sodium cyanide) and methy! isobutyl carbony]
(MIBC) or methy! isobutyi ketone (MIBK). With regard to these substances, the following
points should be noted:

Copper sulfate is formed in copper heap leach operations or may be used as a {lotation
chemical.

Where process waters are recycled no emissions of MIBC would be expected.

Ammonia and hydrochloric acid have specific uses in nickel/cobalt and gold recoveny
respectively,

XKanthates may be synthesised from carbon disulfide (CS,) and these substances
decompose to form carbon disulfide. CS; is relatively insoluble in water (0.1g/L at 20°C)
and volatile. For the purposes of NP reporting, it can be assumed that all emissions of
carbon disulfide are 1o air. Emission estimation techni for characterising these
emissions are provided in Section 3.8 of this manual. The one exception to this is where
xanthates are used in a solvent extraction process. In such situations, they may be retained
within the solvent, and can quently be iated with a water emission if the solvent
is discharged from the facility to a water course.

Methyl isobuiyl carbonyl is not a listed NP substance, hovwvsrx s consra’ red a volatile
organic compound and needs 10 be  for yehen de ing ions of Total
Volatile Organic Compounds.
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6.4.3 Surface water run-off
Surface water run-off includes runoff from haul roads, waste dumps, and administration arcas
and overflow from tailings dams,

In the case of process waters discussed previously, discharges to surface waters,
coastal/marine waters, or dwater will be reportable. Depending on the characteristics of
the land surrounding the facility, run-off from other mineralised areas can also contain
reportable metal compounds and will need to be estimated.

Mining version 3.1 - January 2012

6.4.4  Leachate from stockpiles, overburden, waste rocks and tailings to surface waters
Leachate will emanate from clevated features such as stockpiles, waste rock and overburden
materials as a result of the seepage of excess process water and the infiltration of rainfall run-
off. Leachate may also occur in pits as a result of leaching of waste rock material.

Ores commonly include sulfidic compounds (¢.g. iron pyrite) which, after beneficiation, will
be considered as a waste product. These materials will oxidise to form sulfate. In the absence
of buffering capacity, oxidation of sulfates may result in acid drainage. The presence of acid
drainage may also increase dissolved metal concentrations in leachate. Actual acid drainage
generation depends on several site specific factors including management practices, nature of
pyrite, crystal type and size, presence of neutralising materials in the associated rock, and
availability of air and water to the material.

Emissions will be associated with overflows and/or discharges of excess mine process waters
to surface waters, coastal/marine waters. or dwater. All cmissions of NPI sut are
to be reported to the NPL

Those flows of substances which are directed to, and contained by, purpose built facilities arc
to be reported as transfers.

6.5 Application of EETs for water emissions
The following steps should be followed to determine the cmissions that need to be estimated:

1. Identify and list all reportable substances associated with the mining operation that have
triggered a threshold.

~

Identify and list all sources of waters used in the mine and the reportable substances
present. or likely to be present. in these waters. In addition, the management of these
waters should be considered 1o establish whether the particular water use is associated
with a transfer or an emission. You should refer to the general discussion on transfers and
cmissions in Section 6.1 above to assist vou with this.

Identify and list all emissions to water from the facility over the reporting period. In
above-average rainfall yvears, the number of emission sources and soil erosion can be
expected to increase.

e

4, Identify and list the data available on the facility to estimate the reportable emissions.
This data could include total flows, flow rates afier various rainfall/run-off events,
suspended solids concentrations, concentrations of trace metals in various materials on the
facility, and crosion rates. Supplementary information such as rainfali and rainfall patterns
over the reporting period may also be available 1o assist with cnissions estimation. H is
recognised that the data available varies widely from facility to facility and a
comprehensive range of data may not be available at all facilities. Wherever possible,
cmissions should be estimated based on site specific data.

6.5.1  Direct monitoring - water quality and volume

Where available, site specific information on water quality and flow rates should be used to
determining emissions for the purposes of NPI reporting. General guidance on the use of
monitoring and flow data for emissions estimation is provided in Appendix B. Data that might
be routinely available to help estimate emissions include, but is not limited to:

* Water quality of certain effluent streams is likely 10 be routinely monitored with the
specific variables analysed being dependent on site specific circumstances including the
requirements of relevant licences and permits,

Mining versivn 3.1 - January 2012 i3

» Water flows and flow rates from specific catchments as a result of direct monitoring, or
from estimations based on calibrated models, or engineering caleulations, ¢.g. Australian
rainfall and runoff.

Wl ek feod d

¢ Quantities of rep p and/or used at the facility over
the reporting period.

. T\ plcal quantities or concentrations of relevant consumables and process variables in the
ion plant (c.g. itics of MIBC d, average grams of MIBC used per
tonne of ore treated).

+ Mineral composition and properties of relevant ores, concentrates, waste rock, spoils,
tailings, smls adjacent weathered rock, including those reportable substances present in
trace Trace metal position of some waste materials may be available from
specific studics undertaken at the facility (c.g. geological modelling, analyses of surface
materials 1o assess their suitability as growing media for rehabilitation). The ash

composition of coals should be known. as this is routinely required by customers;

e Survey information that can be used to identify relevant matters such as mining blocks,
dimensions of waste rock dumps, catchments, sub-catchments, and areas from which
emissions could occur.

» Typical erosion rates from the mine arca may be obtained by monitoring or interpretation
of suitable models calibrated for the facility,

In many cases, not all of the data required will be available and emission estimates will need

to be based on available data together with other information (c.g. default emission factors if

available). For example:

+ Flows may be known and survey data can be used to apportion part of the measured flow
to run-off from mine operational areas.

» Trace metal concentrations of emissions may not be known and would need to be
estimated from other site data as indicated in Section 6.5.2.

6.5.2 Estimati hods for itored substances

Where 2 reportable substance is not monitored, default concentrations will need to be inferred
or developed to provide an estinate of emissions. When site specific trace element
concentration data are not available, the typical concentrations presented in Appendix B can
be wilised.

‘Where water soluble reportable substances occur on a mine site, data on the metal solubility
and site specific flows should be used.

6.5.3 Mass balance calculations

Mass balance involves the quantification of total materials into and out of a process with the
difference being accounted for in terms of releascs to air, water, and land, or as transfers. On a
dry mass basis, for example, the mass of product will be the total quantity mined less the
quantities of waste produced (c.g. waste rock and tailings), Similarly, a catchment arca will be
cqual to the sum of the arcas of its particular sub-catchments. Water losses at a plant will be
the total water brought on site, less the water entrained in the waste and product streams,
discharged to sewer and evaporated.

A

It is essential to recognise that the emission values p d when using mass balance arc
only as good as the values used in performing the caleulations, and small errors in data can
lead to potentially large crrors in the final estimates. In the context of mining operations. the
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failure to use representative data can lead to significant inaceuracy in the predicted emissions.

6.5.4 Estimation hods for leachate borne

These emissions will generally be insignificant except in specific cases {e.g. when acid
generation has resulted in elevated copper and cobalt sulfate concentrations and when water
soluble reportable substances are present in locations where they may be discharged from the
facility).

The estimation of emissions will need to take site specific circumstances and conditions into
account. In particular, the following should be considered: the site water balance, rainfall
infiliration and leachate volumes and flow rates, metal/substance concentrations in leachate
waters, and the relevant properties of the leachate source materials {e.g. host rock, tailings
materials),

6.5.5 Estimation methods for acid drainage

Exposed sediments containing iron pyrite (acid sulfate soils) can be oxidised by air, which
may resultin an emission to water of sulfuric acid (i.c. acid drainage).

It may be assumed that unless it has been neutralised. the sulfuric acid may be present and
that the emissions of sulfuric acid to water should be estimated using the following equation:

FWQITJ! i n
Erisoyyyy = A ) * m Equation 4
Where:
Eusory; = Quanity of H2504 emittied (Vvr)
Aai = Arca of exposed acid sulfate (pyritic) material (ha)
Fuarnaryrs = Acid run-off emission factor (kg/hary) (default = 240)

Where site specific information is available, the emission factor F should be estimated by the
equation below:

Fiamaryrs = Ga(uyme) *Fasarts X Re o ina Equation 5
Where:

Figrratyri = Acid run-off emission factor (kg/ha/y) (default = 240)

G () = Density of rock generating acid run-off (t/m?), (default = 1.3)

Fasrty = Acid production potential per 1% sulfur in rock (kg/t), (default = 16)

R na) = Erosion/exposure of material (m*ha), (default = 10}

{A discussion of the source of this emission factor is provided in Appendix B, Section 1.2).

6.6 Emissions to waters from specific operations

6.6.1 Open-cut mining operations
The first step is to identify emissions and
6.1. Where applicable:

’ -

using the definitions p d in Section

» Estimate direct enissions off-site (e.g. pumping of excess water from a pit to a water
course).

Estimate the volume of run-off of contaminated waters (¢.g. from activities such as road
watering and general dust suppression) that is not directed to a suitable containment
facility as defined in Section 6.1.

Estimate volumes of run-off from waste rock dumps and other site arcas 1o estimate the
mass of suspended solids transported off-site.

Estimate leachate emissions off-site. Where appropriate, include leachate that carries
suspended solids loading.
Data for the above sources may not be directly available and vou may need to use a

bination of the techniques p d in this manual {o estimaic emissions. Appendix B of
this manual illustrates the types of data that can be used to assist in determining emissions.

Direct emissions should be estimated from available data that may include pumping rates. The
facility should nominate appropriate and realistic pumping rates that take head losses, leaks,
and availability into account, When pumping rates have not been determined, it should be
assumed that the rate is 80 per cent of the rated capacity for the particular pump and that the
availability is cqual to the operating hours for that pump.

6.6.2 Waorkshop and maintenance operations

The first step is to identify reportable substances and the quantities of substances used from
inventories and hazardous substances registers.

The quantitics used will provide an estimate of the total cmissions and transfers of NP1
substances. It is expected that in most cases, reporting will be associated with air emissions,
and characterised using the EETs in Section 5.7, If, however, emissions of these substances
oceur to water {¢.g. from wash-down of floors), these may also need to be considered and
estimated.

6.6.3 Underground mining operations

Water from underground operations will be pumped to specific points from where it may be
discharged, retained, recyeled in the beneficiation plant, or used for road watering. As for
open-cut mining operations (sce Section 6.6.1 above), the first step is to identify emissions
and transfers using the definitions presented in Section 6.1.

Emissions should be characterised based on available data on flow rates and NPI substance
concentrations. The facility should nominate appropriate and realistic pumping rates that take
head losses, leaks, and availability into account. When pumping rates have not been
determined, it should be assumed that the rate is 80 per cent of the rated capacity for cach
pump in question and that the availability is equal to the operating hours for the pump.

6.6.4 Beneficiation operations

Process water management, including the location and operation of facilities such as run of
mine material storage, product storage, and tailings storage facilitics will be dependent on site
specific factors. A major factor will be the location of the ore body with respect to
infrastructure arcas and catchment/sub catchment arcas within the lease.

The oceurrence of reportable metal compounds in the materials handled in the plant will
usually be known from mine and process monitoring. Similarly, the flotation reagents used
and their rates of consumption should be known from process management and monitoring.
Emissions from the beneficiation plant may be determined from monitoring data and the
cmission cstimation process should have regard to the following:
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the definition of iransfers and emissions presented in Scction 6.1

flows, volumes, and water balances for all aspects of the beneficiation operation, with
particular emphasis on water Josses to the enviroument (¢.¢, leachate and overflows from
tailings storage facilities and discharges from the plant site)

the composition of target and trace metals in all materials handled, particularly in run-off
walers;

available water quality monitering data

materials lost from the plant. These would mainly be tailings and wastes and may also
include spillages of materials (c.g. losses of concentrate, tailings, and overflows of process
waters as a result of operational problems)

Tosses of reportable substances should be estimated directly or from mass balances
involving the quantities of solids and liquids treated and their composition

mass balances of materials treated and flotation reagents used based on plant throughput,
details of the particular plant and water circuit, and the composition of the materials
handled

certain reportable substances will be consumed (e.g. cyanide) and substances such as
carbon disulfide will be formed (sec Section 6.4.2 for a discussion of this).

.

6.6.5 Sewage treatment plants

Many mine sites have on-site sewage treatment plants, The emissions from such plants can be
characterised using the Emission Estimation Technique manual for Sewage and Wastewater
Treatment.

7 Emissions to land

Emissions to land are a highly site specific issue and there may not be default emission
factors currently available to determine these emissions. The purpose of this section is to
provide general guidance on approaches that can be adopted to determine these emissions,
using information that is typically available (or can readily be gathered) for mining
operations. Appendix B provides a number of worked examples to ilustrate the application of
the emission estimation techniques provided,

Emissions of substances to land include NPI substances contained in solid wastes, slurries,
sediments, spills and leaks, and storage and distribution of liquids. Emission sources can be
categorised as:

» surface impoundments of liquids and slurries

unintentional leaks and spills

cmissions to groundwater

agricultural applications of substances to land and imrigation.

Some facilitics may usc treated wastewater for irrigation. This wastewater need only be
considered for NPI reporting if it contains an NP listed substance. For NP1 purposes this is
generally categorised as an emission to land.

When the emission is seen as beneficial, for example in the case of Total Nitrogen and Total
Phosphorus in water recyeled for use in irrigation, In this case the discharge may be reported
as avoluntary transfer,
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7.1 Land emission sources

7.1.1  Waste rock and spoil dumps

Substances discharged to tailings dams arc regarded as transfers under the NP1 and are not
considered as emissions. However, discharges, spills and leaks from tailings dams are
required to be reported as emissions fo land.

The characterisation of such releases is highly site specific and simple emission factors are
not available, In such situations, it is your responsibility to determine these emissions.

7.1.2  Surface impoundments of liquids and slurries

Mine and process waters and contaminated surface water run-off may be contained in pits

and/or purpose built structures such as tailings and environmental containment dams. NP1

substances sent to tatlings dams constitutes a transfer (see the definition presented in Section

8.1.1}, providing that the reportable substances are contained within the particular site

facilities.

Scepages to aquifers are treated as an emission to land, whilst overflows are water emissions

if dircetly discharged to surface waters or water courses. Refer to Sections 6.4 for emission
imati hini for emissions to water.

7.1.3  Agricultural application of substances to land / irrigation

The application of NPI substances to land (e.g. for irrigation) are usually classed as an
isston, any NP sub ined in the irmigated liquid is reportable if reporting
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thresholds have been reached for the substances. If the application of {otal nitrogen and total
phosphorus is considered beneficial, it may be reported as a voluntary transfer.

7.1.4 Unintentional leaks, seepages and spills

Under the NPI, spills, Jeaks, and seepage are required to be reported as emissions to land or
water, If the discharge is to a body of water as per Section 6.2, then it should be reported as an
emission 1o water. If the substance is volatile, it may be an emission to air rather than an
emission {o land or water.

To determine the emissions of NPI substances in spills and leaks, you should determine the
difference between the quantity of material released or spilled and the quantity of material
collected during the first 24 hours. The difference is the emission to fand or water.

8 Transfers of NPI substances in waste

It is mandatory to report NPI substances that are transferred in waste 10 a final destination.
Transfcrs are rcquxrcd to be reported if a Category 1, Category 1b or Category 3 reporting

i is exceeded. For example, if the threshold has been exceeded for the Category |
substance - lead and compounds - as a result of use of this substance on site, transfers to final
destination as well as emissions are reportable. Both emissions and transfers are reportable in
kilograms,

There is no requirement to report transfers of;

substances that are exclusively Category 2a or Category 2b:

substances which are both Category 2a or Category 2b and Category | (e.g. copper and
compounds) or Category 1b, in the event that the substance has tripped the Category
2a and 2b threshold only: or

Total VOC (Category la, Category 2a and Category 2b).

8.1.1 Whatis a transfer?

A wansfer is defined in the National Environment Protection (National Pollutant Inventory)
Measure 1998 (NPI NEPM) as:

L 7

foa v reporiin

... the transport or movement, vn-site or off-site, of
tramsfer destination or a voluntary reporting transfer desunation.”™

A mandatory reporting transfer destination is defined in the NPI NEPM as:

“{a) desti Jor 1 luding landfill, 1ailings storage facility, underground
infection or other long term purpose-built waste storage structure;

b} aunt off~site destination for destruction;
(¢} an off-site sewerage system;

() an off-site treatment facility which leads solely to one or more of the above; "
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A containment destination may be on-site, such as a tailings storage facility on a mine site, or
off-site, such as a landfill operated by a third party,

The transfer of NPI substances to a destination for reuse, recveling, reprocessing, purification,
partial purification, immobilisation, remediation or energy recovery arc defined in the
NPINEPM as “voluntary reporting transfer destinations™ and transfers to such destinations
can be reported voluntanly.

Further information regarding transfers, including how to estimate and report, can be found in
the NPI Guide and the Transfers Information Booklet,
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8.1.2 Whatis not a transfer?

A wansfer does not. mcludc the transport o’ of b ined in overburden,
waste rock, d soil, d rock removed in construction or
road building. or soil used for the capping of landfills.

A voluntary reporting transfer destination means a destination for reuse, reeyeling,
reprocessing, purification, partial purification, immobilisation, remediation or cnergy
recovery. While voluntary transfers are considered in the NP1 NEPM, this manual focuses
only on methodology concemned with mandatory transfers.

8.1.3 Example reporting

Table 8 lists a number of scenarios relevant to mining activities where reporting of transfers
may be applicable. Other examples can be found in the NP Guide and the Transfers
Information Booklet,

Table 8: Transfers reporting scenarios

h

porting req

Movement of NPl substunces in waste rock or
overburden is not regarded as a transfer

Waste rock and overburden transported from
mine face to dumps and stockpiles

Reshaping of the landform containing previous No reporting required
overburden or waste rock for i or of NPI sut in waste rock,
landscape mansgement purposes overburden or clean soil is not reparded us o transfer

Reporting is mandatory

Tailings containing NPI substances used to The tailings may contain metals and/or cyanide
backiill an underground mine compounds or othier NPI substances. Reporting is
required.

= Reporting is mandatory
Tailings directed to an on-site tailings storage ) .
facilits The tailings may contain contaminant metals and
: cyanids comp and/or other NPI sub

Reporting is voluntary

Waste oil from the workshop collected by an X o

outside contractor and transported to an offite 1 any of the oil is treated and recycled by the

waste oil recycling facility contractor then mandatosy reporting is not necessary,
T i however, voluntary reporting is encouraged,

No reporting required until waste oil is moved off-site.
Type of reporting (mandatory or volumtary) will
depend on fate of the oil,

Waste off stored on-site due to otl recyclers
being over-capacity

No reporting required

Process water sent to an on-site recyeling Onsite recyeling of this nature does not trigger transfer
55 and prepased for retse reparting of NI substances contained in the provess
water. Such recyeling can be regarded as an intenal
process step.

Reporting is mandatory

NP substances in the materials are to be included in
Materials s¢nt to an non-process incinerator for  transfers, since the transfer is (o & final destination,
disposal Note that emissions from the incineration process are
also reportable.

Reporting is mandatory

NP substances contained in the waste drams (2.2
chemicals remaining in the drams) ate reportable as
transfers, since the transfer is to a final destination.
Any escape of NPI substances from the landfil] site is
reportable as an emission

Spent 2001, dsums and used bulker bags
deposited in an on-site landfill

8.2 What should be reported?

Typical transfers encountered in mining operations are circumstances where NP1 substances
are!

transferred to tailings storage facilitics

in tailings used to backfill an underground mine or above ground disused pit

.

transferred to landfills (cither on or off-site)

sent to a non-process incinerator for disposal

sent to sewer, where such a connection exists

.

The substances triggered by mining operations for the reporting of transfers are 1ypically:

metals and their compounds

cyanide (inorganic) compounds

hydrochloric, nitric, phosphoric and sulfuric acids

amumonia

some individual organic compounds (noting that Total VOC is not reportable as a transfer).

8.3 Transfers to tailings storage facilities

NP1 substances deposited into tailings storage facilities are the primary form of mandatory
reporting transfer for many mining operations. Availability of good monitoring data for ali
NP1 substances in the input shurry is rare and almost never encompasses the breadth of
substances that have triggered the reporting thresholds.

However, data about slurmy flow volumes entering a tailings storage facility are more
routinely measured, as are solid content esti (the lTatter exp d as a p ¢ OF
density figure).

Because of data limitati anumber of ions apply in d ining a practicat
approach to transfer estimation; in particular estimating NPI sub concentrations in the
input sturry.

8.3.1 Metals assumed to be present in the solid phase only
A study of gold mining company”s transfer data submitted for the first year of transfer
reporting. suggests that the vast majority of metals discharged to tailings are located in the
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solid phase (Greenbase, TSF Transfer Comparison, August 2009). The geochemistry of each
tailings storage facility, and hence the distribution of metal species between the solid and
aqueous lavers, will be different. However, in the absence of better site specific data, it can be
assumed for the purposes of estimating transfers to tailings for the NP1 that all of the metal
species discharged into a tailings storage facility will be present in the solid phasc.

This assumption has the effect, for metals and pounds transfer estimation, of eli
the need to monitor the aqueous phase, including recycled process water removed from the
tailings storage facility,

8.3.2 Non-target metals in tailings assumed to correlate to original ore concentration
Due to data fimitations, particularly for those NPI listed metals that are not of mining interest,
i.e. "non-target’ metals, estimation of their transfer may require additional testing of the inlet
slumry to the tailings storage facility. While this is encouraged as the most accurate method to
apply, it is also recognised that a default concentration would be helpful.

For the purposes of estimating transfers (o tailings for the NP it can be assumed that the dry
basis ore typical concentrations for these metals are equal to the dry basis solids
concentrations entering the tailings storage facility. Since a mine is likely to have good data
on the composition of their ore body, this may alleviates the need to analyse for metals
concentrations in the input shurry. However, further testing may be warranted if the
concentration of metals in the waste stream are significantly increased during target metal
extraction. Annual input volume and solids content of the slurry will still be required.

This assumption cannot hold for “target” metals, which are those deliberately mined. This is
because the purpose of the processing is to extract as much as possible of these to maximise
vicld figures. For the purposes of estimating transfers to tailings for the NP1, measurements of
these metals entering the tailings storage facility will be required.

8.3.3 Tailings return waters

The aqueous component of tailings is typically recirculated afier separation from the solids
within the tailings storage facility. Consistent with other examples of process water recycling,
the recirculated water is seen as neither an emission nor a transfer, because it is within the
closed loop of an internal process step.

8.3.4  Cyanides estimation
Estimation of cyanides within tailings is not readily simplified duc 1o the complex nature of
cyanide species and their varied interactions within the tailings geochemistry, Broadly
speaking, cyanides may be bound as stable metal complexes within the solid phase, weaker
metal complexes niore readily soluble in the aqucous phase and simpler cyanide anions

ble to emission 1o air as hydrogen cyanide, particularly at lower than neutral pH and

exposure to sunlight. A more detailed discussion of the fates of cvanide in gold mining can be
found in the Gold Processing Manual, section 5.2,

An overview of the various fates of cyanide in a typical tailings storage facility is represented
in Figure 3 below. A similar diagram depicts emissions from tailings storage facilitics (to air,
water and land) in the Gold Processing manual, section 5.2.3.

The total mass of eyanide lost within the tailings circuit (i.c. complexes with tailings solids,
decomposed or emitted to the air or ground) may be estimated using the equation:

Menpgr = Mig) =~ Mgy Equation 6

Where:

Mesigg) = Mass of cyanide lost to TSFs (kg)
Mgy = Mass of cyanide carricd to TSF (kg)
Moy = Mass of cyanide in TSF return water (kg)

The total mass of cvanide reportable as a mandatory transfer to tailings and can then be
determined by:

Tex g = Mes oy ~ Eoritg = Serpa — OFcri gy Equation 7
Where:

Torig = Mass of cyanide transferred to TSFs (kg)

Mt = Mass of cyanide lost to TSFs (kg)

Ecrta = Mass of cyanide emitied to air (kg)

Scrg = Mass of cyanide lost to seepage (kg)

OF gy = Mass of cyanide lost in overflow events (kg)

Transferred cyanide includes both cyanides bound in the solid phase and cyanides remaining
in the aqueous phase. Cyanide volatilisation to air would be expected to be the most
significant loss from the tailings storage facility, assuming low secpage rates and limited
overflows caused by irregular events such as significant rainfall,

plete di ion of the methodology for eyanide losses to air and its dependence on pH
can be found in the Gold Processing EET manual, section 6.2,

Return to " Tailings in Recycled Evaporation/ PMig,
TSF water Volatilisation metal dusts
i HCN, NH; wihen dry
| 1

|

Discharge

Seepage HCN, CuCN,
FeCN

capture sail, HCN, NH;
trench minor toxic groundwater minor toxic
elements elements

Figure 5: Overview of Tailings Storage Facility emission pathways*

8.4 Overview of estimation process
The following steps should be followed to determine the transfers that need to be estimated:

L. Identify and list all reportable NPI sub tated with the mining operation that

* Connell Wagner EET manual Gold Processing & Refining Review, June 2008
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have triggered a threshold.

I

Identify and list all sources of possible transfer points at the facility and the reportable
substances present, or likely to be present.

Identify and list the data available on the facility to estimate the reportable transfers, Data
would include ore concentrations, tailings input flow rates and total flows, solids
concentration in tailings input, tailings return water flow rates and totaf flows, tailings
retumn water NP1 substance concentrations, tailings water pH, groundwater monitoring
and seepage trench monitoring data. Supplementary information such as rainfall and
rainfall patterns over the reporting period may also be available 1o assist with estimation.
It is recognised that the available data may vary widely from facility to facility and a
comprehensive range of data may not be available at all facilitics. Wherever possible,
transfers should be estimated based on site specific data.

w

8.5 Transfer Estimation Techniques (TETs)
As described in Section 4, there are generally four types of transfer esimation techniques
(TETs) that may be used to estimate transfers from your facility:

sampling or dircct measurement

mass balance

.

engincering calculations

transfer factors.
Ofien a combination of these is required depending on what site specific data are available,

Site specific measured data will always provide more accurate information than default data,
and should be used wherever possible.

8.5.1 Direct Monitoring — waste stream concentration and volume

The approach to dircct monitoring of transfers is analogous to direct monitoring of water
emissions of NP listed substances. A measure of the typical concentration of NPI substances
in the waste stream is required, which can then be multiplicd by the typical volume of the
waste stream that has been transferred in the reporting period.

if the waste stream is solid or sturry, such as in the case of inputs into a tailings storage
facility or a landfill, ive concentration of the solid/ slurry need 1o be
obtained, Alternatively, estimates of these e ions may be ble, such as the use
of non-target metals ore composition data in the casc of a tailings transfer. In cither case the
solids concentration is usually expressed as a “dry basis™ to standardise for variable water (or
moisture) content between different samples,

This concentration must then be multiplied by the volume of that solid or sturry material that
has been transferred. adjusted for water content to convert to dry basis.

If the waste strcam is a liquid, such as in the case of transfers (o sewer, the same approach
applies, but simplifies because of the lack of “dry basis™ conversion required, i.c., both the
concentration and volume figures are measured on a liquid basis. These are simply multiplied
together. adjusting for any unit conversions.

85.2 Mass balance calculations
Mass balance can be an appropriate approach to estimating transfers, particularly in the case
of tailings storage facilitics. This requires information about all NPI substance inputs and

cutputs from a process (o determine the unknown component, in this case the amount of the
substance transferred.

See Scction .3, for an example of a mass balance approach to determine the amount of total
cyanide remaining in the tailings storage facility.

Accuracy of a mass balance equations is dependent on the accuracy of the individual input or
onlput data, due to the compounding effect of uncertainties in individual measurements.
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853 Engineering calculations
leul: are a catch-all technique used to describe calculations that estimate

Ej ing

emissions based on known chemical or physical processes such as chemical . This
approach tends to be more applicable to emissions estimation.

8.8.4 Emissions from transfer destinations

There is potential for emissions 1o air, water or land from transfer destinations such as
Iandfills and tailings storage facilitics. When considering possible emissions to land in
particular, the following guidance should be noted:

» Where the permeability of underlving strata is < 10-6 mis, the potential for the release of
NPI substances to land (soil and/or groundwater) should be insignificant. Emissions of
suspended sediment will be effectively absent as fine material will block pores in the strata
thereby reducing its permeability and effectively sealing the strata.

o Thep of fi in the sut will increase the potential for substances 1o
migrate to aquifers.

Most metal specics at mines are sulfides that have typical solubilitics of <10-20 /L at
neutral pH. Unless there are huge volumes of water in very permeable strata, metal losses
to groundwater will be negligible,

Waste containers such as 200 fitre drums will alway's contain residual quantities of their
contents. Where i of reportable sub (c.g. solvents and reagents) arc placed
in landfills. unless specific data are available, it should be assumed that two kilograms of
the substance per container are placed in the landfill. Migration of those substances from
the landfill site will depend on the site’s permeability.
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o EET manual for Fuel and Organic Liguid Storage
L
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mannal for Zine Concentrating, Smelting and Refining

manual for Nickel Concentrating. Smelting and Refining

manual for Copper Concentrating, Smelting and Refining
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Errata

Mining manual Erratum (Version 3.1 - January 2012) - Previous version 3.0 issued
June 2011,

Correction 10 equations related to wheel generated dust from unpaved roads at industnal sites
and 55 and excavators, shovels and front-end loaders on coal.

Mining manual Erratum (Version 3.0 - June 2011) — Previous version 2.3 issued
December 2001.

throughou  Rewnite of manual by SIA Environmental

Change to ANZSIC 2006
2 Update of activities associated with open eut and underground mining
6 Discussion of threshold calculations and development of a substance usage inventory

7 Added Table 1: Location of useful material speciation profiles to determine substance usage
Added Example 1: Calculating the total mass of Category 1 substance used
§ Added Example 2: Calculating usage across reporting periods

15 Updates to Default emission factors for various operations at coal mines (including change in
table number from 1 to 2)

20 Updates to Default emission factors for various eperations at metaliferous mines (including
change in table number from 2 1o 3}

22 Added Table 5: Typical mining vehicle definitions

Removed Table 4 from previous manual, this information is now found in the £
Estimation Technique Manual for Combustion i Engines.

24 Updated discussion of carbon disulphide emissions from xanthates
26 Updated discussion of emissions to water

34 Updated discussion of emissions to land

36 Addition of discussion of transfers of NPY substances

44 Errata moved to end of manusl

46 Updated discussion of suitable emission factors

Mining manual Erratum (Version 2.3 - 05 December 2001) ~ Previous version 2.2 issued
23 October 2000,

lowered to Swit6.

Mining manual Erratum (Version 2.2 - 23 October 2001) — Previous version 2.1 issued
11 October 2000,

The first reference to moisture contenl in the last paragraph was changed o §
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Mining manual Erratum (Version 2.1 - 11 October 2000) — Previous version 2.0 issued
22 August 2000.

2 whe dust on pave
Table 1 282 and for the PM,, equation from 0.33 to 0.733.
40
ALLIL ki for TSP changes from 0.74 to 2 82 and for PM;s from 0.35 10 6.733

Mining manual Erratum (Version 2.0 - 22 August 2000) — Previous version issued
March 1999,

7 Change of web address for AP-42 emission factors from the USEPA

9 Inclusion of overall vontrol efficiency factor in Equation 1 (CEry

12 Major changes to table 1 - Include Wheel generated dust form unpaved roads - Change of emission
factors for scrapers ~ Addition of coefiicients for new equation for dust from unpaved roads

14 Alteration in Bauxite emission factor - table 2

18 Discussion referring to xanthates in general rather than only to sodium othyl xanthate

19 Reference to combustion engines manual to estimatengine emissions

21 Deletion on riggering reporting (previously $.1.2)

33 Addition of definition of Bank Cubic Metres (bem)

35 Addition of units to PM; ¢ equation, kg/bem Deletion of line providing k for PMie caleulations

38 Replace dust with TSP

39 TSP emission factor changes from 2.07 to 1.64
40 Specify caloulation in A1.1.11 is for unpaved road and provide equation details
50 Deletion of case C from table
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APPENDIX A
- EMISSION ESTIMATION TECHNIQUES - AIR

1 DISCUSSION ON INDIVIDUAL EMISSION FACTOR
EQUATIONS

This appendix provides information on the sources of the emission factor equations and
emission factors presented in Table 5-1 and Table 5-2 of this manual. Most of the equations
and factors have been drawn from AP-42 (USEPA (1985) and USEPA (1998)) and the
National Energy Rescarch, Development and Demonstration Council (NERDDC, 1988) and
State Poliution Control Commission of NSW (SPCC, 1983) studics in the Hunter Valley.
When information from both sources (i.c. the US and Australia) is available, the two have
been compared and, where possible, reconciled, Emission factors for both PMy (required to
be reported under the NP1) and TSP (necessary as a basis for determining emissions of metal
species) are provided and discussed.

1.1 COAL MINES

The emission factor equations and ensission factors discussed in this section relate to coal
mining activitics. However, as noted in Scetion 5 of this manual. many of these equations are
also relevant 1o activities on metalliferous mines.

1.1.1 Draglines (on overburden)

This operation refers to the removal of overburden by a dragline. } is recommended that the
equations be used where there is site specific data for drop distance and/or moisture content.
If not, the default values should be used.

TSP & PMy,
The TSP equation used is as follows:

v
EF o9 eprnem = 0.0045 x(,jl,;"' ] Equation 8
)
[ %m ) .
EFors,y ingvemi = 0.0022 ’4[ ¥ep J Equation 9
UM
Where:
EFrso groem: = Cission factor for total suspended particles
EFour, igroemy = emission factor for PMio
a" = drop distance in meters
Mg = moisture content of overburden in % (by weight)
bem = bank cubic meter (ie. the volume of material in-situ prior to blasting)
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Example 4: Particulate matter for draglines

A minc is using a dragline on overburden with a moisture content of 2% by weight, the drop
distance of the material is 12m.

d =12m
M =2%
For TSP

- 12" i}
EFrgp ugroem; = 0.0045 x [ﬁﬂ
EFyepugiuem: = 0.057 kg/bem.
For PMyp

127t
EFons,g iigrbem) = 0.0022] 2
" 2%%m1

o, toreom =0.0102 kgfbem

In the absence of site specific information on drop distance and moisture content, an emission
factor of 0.06 ke/bem for TSP and 0.01 kg/bem for PM)e is recommended

Alternative method of calculating PMy; emissions:

The NERDDC valuc for TSP is (.072 kg/bem. To convert this to PMyg it is appropriate to use
particle size data measured by the SPCC (1983). This data indicates that for draglines in the
Hunter Valley, approximately 43% of TSP particles will be in the PM;o range. Thus the
NERDDC estimate of PM, emissions from dragline operations in the Hunter Valley is

0.031 kg/bem.

Notes on source and suitability of equation:

The AP-42 equation, gives results that are consistent with the Hunter Valley work (NERDDC,
1988). providing that sensible drop distances and moisture contents are used. The NERDDC
study measured an average emission factor of 0.072 kg/bem for two Hunter Valley mines,

A 1% moisture content {also plausible for the Hunter Valley) gives an emission factor of
0.071 kg/bem. Both of these are comparable with 0.072 kg/bem measured in the NERDDC
study.

Default values:

In the abscnce of site specific data and based on the emission factor for TSP of 0.66 kg/bem,
the recommended default PM;o emission factor is 0.06 x 0.43 = 0.026 kg/bem.

1.1.2  Excavators/shovels/front-end loaders (on overburden)

The equation in the previous manual gave values that were unrealistically low, so it is
recommended that the default values derived from NERDCC and SPCC work are used.
Default values:

The NERDDC (NERDDC, 1988) work provides an estimate of TSP emissions from truck
loading operations of 0.025 kg/t.

SPCC (1983) measurements in the Hunter Valiey indicate that approximately 47% of TSP
particles will be in the PMjg range. The ded PM emissions factor is th
0.023 x 0,47 = 0.012 kgh.

Notes on source and suitability of equation:

The USEPA (USEPA, 1998: Section 13.2.4-3) provides an equation for batch loading. which
give esti that are istically Tow for A lian conditions. The USEPA (USEPA:
1988: Section 11.9-10, Table 11.9-4) provides a further emission factor for “Truck loading by
power shovel (batch drop)™. The TSP factor is 0.018 kg/t. The note provided with this figurc
however, encourages the user to make use of the equation rather than the 0.018 kg/t factor.
TSP & PMy

EFtsr igry = Krge ¥ 0.0016x Equation 10

At

EFou,, igre = Koy, € 0.0016 % VIRE Equation 11
(%)
L2

Where:

EFgp gy = emission factor for total suspended particles (kg/t)

EFoy,,ugryy = emission factor for PMyo (kg/t)

Krgm = 0.74 for particles less than 30 micrometres acrodynamic diameter

[ = {.35 for particles less than 10 micrometres acrodynamic diameter

Sy = mean wind speed {m/s)

Moy = moisture content (% by weight)

1.1.3 Excavators/shovels/front-end loaders (on coal)

The equation in the previous manual gave values that were unrealistically low, so it is
recommended that the alternative USEPA equation specificalily for the loading of coal
(USEPA, 1998: Table 11.9-1) be used.

In the absence of site specific data on moisture content, the default values derived from
NERDCC and SPCC work should be used.

TSP & PMyo

EFrgp g = 9&%9‘ Equation 12
- 0.0447 .

EFpg, gsny :W Equation 13

Where:

EFgo gty = ¢mission factor for total suspended particies (kg/t)

Efpy, gy = cmission factor for PMyg (kg/t)

M = moisture content in % (by weight)
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Example 5: Excavator/shovels/front-end loader on coal 1.1.4 Bulidozers on Coal
' it - . TSP & PMje
A coal minc is using an excavator on coal with a moisture content of 8%, the emission factor . .
for TSP and PMyo i: caleulated as follows: s The TSP and PM1o factor eq for bulldozers on coal are as follows
) (USEPA. 1988):
0.580
EF:sasx;m:W i
0580 g ugriey = 356 ot Equation 14
EFrgn jqin = e M e
. 15, )
Efygo ot = 0.048 kgt EFpus,, wginn =6 33v-&;—‘-‘-‘— Equation 15
g _ 00447
Ef e = v Where!
EF _0.0447 Efrsongmey = emission factor for total suspended particles (kg/hr}
Sl gt gy = ORE . .
T EFou, igre; = emission factor for total suspended particles (kg/hr)
EFop,, pgry = 0.0089 kgt e = silt content in %, by weight
Moy = moisture content of overburden in % (by weight)

Default values:
The NERDDC (1988) Hunter Valley work provides an emission factor for TSP of 0,029 kg/t,

1f this TSP emission factor is adjusted using the particle size measurements obtained in the
SPCC (1986) study, then 48% of the TSP fraction (0 to 30 pm) can be taken 10 be PMyp
particles. Thus, the default PMio emission factor becomes 0.014 ke/t.

Example 6: Bulldozer en coal

Notes on source and suitability of equation:

As for overburden, the USEPA equation for batch loading scems to give estimates that are
unrealistically Jow when applied to loading coal to trucks. Using Equation 10. If M is taken to
be 8% (typical for ROM coal in the Huater Valley) and U=3.6 m/s, the TSP emission factor is
0.00032 kg/t. Clearly, the US data provides a very different result to that quoted in the
NERDDC study.

EFrsp iy = Kegp % 0.0016 %

g g = 0.00032 ket

The number derived from using the suggested equations above are very close to the Hunter
Valley factors from the NERDDC (1988 study, adjusted to obtain the PM,, fraction (using
the SPCC (1983) study), 0.013kg/t. Therefore, it is suggested that the USEPA (1998; Table
11.9-1) cquation should be used with the actual moisture levels that apply for ROM coal.

A coal mine is using a bulldozer on material with a silt content of 7% and moisture content of
2.3%. Using cquations 14 and 13, the emission factors are:

7" ey
£ iaprne; = 35.6x
Froo o) 25 %
EFrse mamn = 102 kg/hr
753
EFpyr,, tgrnny = 633 25

EFou igine = 325 kefhr
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1.1.5 Bulldozer on Material other than Coal
TSP & PMy

The emission factor equation for TSP and PMys are as follows:

2
EF7sm.<;mA=25X—;‘) ;M Equation 16
i Ty
s 5 .
EFau, tpror = 034 x —— Equation 17
* M
Where:
£Fy, wi = cmission factor for total suspended particles (kg/hn)
Efen, 5oy = emission factor for total suspended particles (kg/hr)
S = siit content in %, by weight

L = moisture content of overburden in % (by weight)
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Example 7: Bulldozer on material other than coal

A mmc is using a bulldozer on ore material with a silt content of 10% and a moisture content
of 2%. Using equations 16 and 17 the emission factors are:

10 %)

2 %)

EFtsougmn =17 kg/h

Efrs tgrney =28

Sii
FR
Efpuy, tgme = 4.1 kg/hr

EFour, pugron =034 X1

1.1.6 Truck (Dumping Overburden)

The equation given in the previous manual’s appendix gave values thay were unrealistically
low, so it is recommended that the default values derived from NERDCC and SPCC work are
used.

I« site specific size fraction is available, then this should be used in preference to the SPCC
defauit,

Default values:
The NERDDC (1988) TSP emission {actor for dumping overburden is 0.012 kg,

SPCC (1983) measurements in the Hunter Vallev indicate that approximately 35.5% of TSP
particles from trucks unloading overburden will be in the PMjo range. The recommended
PM;0 emission factor is therefore 0.012 x 0.353 = 0.0043 kg/t.

Notes on source and suitability of equation:

The USEPA (1998) uses the same equation for unloading overburden as it does for loading
overburden. Again this gives an emission factor that appears to be too low for Australian
mining operations.

1.1.7  Truck (Dumping Coal)

The equation in the previous manual's appendix gave values that were unrealistically ow, so
it is recommended that the default values derived from NERDCC and SPCC work are used.

If asite specific size fraction is available, then this should be used in preference 1o the SPCC
default.

Defauit values:
The NERDDC TSP emission factor for dumping coal is 0.01 kg/t.

SPCC (1983) measurements in the Hunter Valley indicate that approximately 42% of TSP
particles from truck unioading operations will be in the PM;q range. The recommended PM,
emissions factor is therefore 0.01 x 0.42 = 0.0042 kgh.

Notes on source and suitability of equation:

The USEPA (1998) uses the same equation as for the loading of coal (see Section 1.1.3

above). Again, this gives an emission factor that appears to be too low for Australian mining
conditions.

1.1.8  Drilling
It is recommended that the USEPA default emission factors are used to estimate drilling
emissions.

Note if a site specific size fraction is available, then this should be used in preference to the
SPCC default,

Default values:

TSP 0.59 kg/hole

PMe 0.31 kg/hole

Notes on source and suitability of equation:

Emissions from drilling are a relatively minor component of the overall emission from an
open-cut mine. The only available emission equation for drilling is a simple uncontrolied TSP
emission factor of 0.59 kg/hole (USEPA, 1998: Table 11.9-4), Clearly, other variables such as
the depth of the hole, diameter of the hole, and moisture content of the material being drilled
would also be relevant and it might be supposed that an emission factor equation should take
account of these variables. However, in the absence of other data (and given the relatively
minor contribution of this source to overall emissions from mining operations), it is
reasonable to accept the 0.59 kg/hole factor for TSP.

USEPA (1998) does not provide an emission factor for the PMys component. However, some
measurements were obtained during the Hunter Valley studics (SPCC, 1983). The mean
fraction of PMo/TSP for the four available samples was 0.52 (with a standard deviation of
0.10). These relate to drilling of overburden, and probably, there will be a difference for coal.
However, in the absence of other information, the best estimate of the emission factor for
drilling for PMyo is 0.31 kg/hole.

1.1.9 Blasting
TSP

The previous version of the mining manual used the following cquation for calculating an
emission factor for blasting (AP-42 Ch 11, Appendix E). In the Improvement of NPI fugitive
particulate matter emission estimation technigues report by SKM (2003) it was recommended
that Equation 18 be replaced with Equation 19 as it was believed that Equation 18
overestimated the TSP from blasting activities. A comparison of the two equations is shown
in Figure 6, from this comparison which was based on a moisture content of 3% and various
blasting depihs there is reasonable agreement between the two when the blasting depth is
30m.

[SEre— %‘% Equation 18
Where

Afs = the arca blasted (m?)

Mg, = the moisture content of the blasted material (% by weight)

O = the depth of the blast hole (m)
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EFtsa pgroam; = 0.00022 < ALS, Equation 19 (UmmI 3
22 .
PMy EFftsp igryy = Krgp ¥ 0.0016 % R Equation 20
For blasting, the USEPA estimates that the PM o fraction constitutes 52% of the TSP L—;—‘J
(USEPA, 1998).
(Yimrsr
Example 8: Blasting calculation l 22 .
EFone, spiny = Ko, x 0.0016 % R Equation 21
kel
Using default values of 930m? for the arca blasted, a moisture content of 2% and a biast hole [ 2 ]
depth of 30m, the TSP crmission factor is:
s Where:
EFrep wgroas:; = 0.00022 x A5, - .
TP fgfmast ¢ js EFgrigny = cmission factor for total suspended particles (kp/t)
0 ., = 000022 ~ 830 %, . 2 e o
EFrso warmast 22> 830,03, Krgp = 101,74 for particles less than 30 micrometres acrodynamic diameter
EFrsp poroan = 6.24 Kg/blast ERow,pom = cmission factor for PMy, (kght)
Assuming PMyo is 52% of the total suspended particulates, the PMy, emission factor is: Kou, = (.35 for particles less than 10 micrometres acrodynamic diameter
Efpg,, fhotvast, = 824 % 0.52 Uimssy = mean wind speed (m/s)
s, aroiet, = 324 Kp/blast My = moisture content (% be weight)

It should be noted that this equation does not provide any allowance for the moisture content

in the material blasied, the depth of the holes or whether the blast is a throw blast or simply a

shattering blast.
7.000E+01

G.O00E+DE
5.000E+01

B 1000E+01

OO0EH]

£ 2.000E+01
LOGOE+0] !
N v
0.000E+0 . M s ¥
H 10 160 1.000 10,000
Blast Arca (m’)
+ Simplificd Equation 2 Depth 10m Depth 20m
Depth 30m = Depth 40m * Depth S0m

Figure 3: Comparison of Equations 18 & 19 for blasting

1.1.10 Wheel and Bucket

There is no USEPA or Auslmh:m emission factor for this opcmnon it is recommend that the
cmission factor cq for 11 transfer and conveving as used,

Example 9: Wheel and bucket emissions

Using default values of 3.6 m/s for wind speed and 8% moisture content, the TSP cmission
factor is:

EFtgp iqrey = Krgn » 0.0016 x

EFrgn (g7t = 0,74 0.0016

EF: o) = 0.00032 kght

Efon igrti = Kowte xoomst.f_

1f

EFonr. ngryy = 0.35 % 0.0016 »

Efbug, pare) = 0.00015 kgt
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Notes on source and suitability of equation:

A significant proportion of open-cut coal mining for softer brown coals is carried out using
bucket wheel excavators. The moisture content of these coals is generally very high and dust
emissions are generally minor. In the absence of a specific emission factor it is

Mining version 3.1 - January 2612 34




that the equation for miscellaneous transfer and conveying be used. This will be a very small
component of the overall inventory.

1.1.11 Wheel generated dust from unpaved roads
Notes on source and suitability of equation:

The AP-42 manual for miscellancous sources (Chapter 13.2.2. Nov 2006) has new equations
for wheel-generated dust from unpaved roads. There is an equation for “unpaved roads at
industrial sites™ and another for “publicly accessible roads. dominated by light duty vehicles™
The first one is higher (more analogous to the equation in the previous manual). Note that the
original equations are for imperial measurements. Some conversion factors have been
included where necessary,

Example 16: Unpaved roads from wheels

Using default values for surface material silt content of 10% and a vehicle gross mass of 48 1,
with the k value of 1.38 gives the following default TSP emission factor for wheel generated
dust:

.
-

Where:

Krep 4.9 for total suspended particles
Ko, = 1.5 for PMye

Sisay = silt content of material (%)

Wy = vehicle mass (1)

Arse = 0.7 (empirical constant)

2oy, = 0.9 (cmpirical constant)

b = (.45 (empirical constant)

This results in the following emission factors

a o
EF «mrvx?r"—o 4558 *‘kx(—‘s W} 4 (“—"Wm)

16083 72 3
T 045
04536 10 8
EFremarct) = 75003 ™ 4‘9X(§J ) (—3')

EReeiqrvcr; = 423 Lo/ VKT

a )
04536 S Wiy
EFoug warvir) = s ¥ Koy, ’( } X('— P
s 16093 el T12 3 )z
§

o a5
0.4536 10 48
EFowsarven) = 7555 19 (ﬁ} g (T]
EFpns, gty = 125 kg/VKT

The emission factor for TSP for a light duty vehicle was caleulated using the same value for

equation is 1.69 and the values for B and C are both 0.3,
(i) S nmimi 3
L 2 48
M!%r ©
05 )
= 1.69 for total suspended particles

=0.51 for PMjo
ilt content of material (%)

EFggrvir) = Kkx ~0.0013

= vehicle speed (km/hr)
Wy = vehicle mass (t)
Moy = moisture content (% be weight)
B = (empirical constant)
C = (empirical constant)
s
(5 (%9}X{Slm/m)} :
12 48
EF 155 wgrwnr) = Kygp x4 —w0.0013
Moy
05
PPNCE]
5
EF 130 4550vxr) = 1.69% - -0.0013

EFrsoigrvnr; = 0.84 keg/VKT
The emission factor for PM, for a light duty vehicle was calculated using the same default

values for silt content, vehicle speed and moisture content as above. The k value for PMio is
0.51, and the values for B and C are 0.5 and 0.2, respectively,

Va -]
(Sa%)]xtsxmlm]
1
MU AULIADE is ~0.0013
M
65
(107 (s0Y°
[?2' "3
o003
&)

EFpus, torvicrs = 0.33 kg/ VKT

EF s,y warvirs = Ko,

EF oy, tegrvnry = - 51x

silt content, a vehicle speed of 50km/hr and a moisture content of 2%. The k value for this
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L112 Scraper (travel mode)

The equation in the previous version of this manual was incorrectly copied from the 1995
(5" edition) of AP-42. (It was 9.6x10° in AP-42, but is stated as 7.6x10 in the manual).
Also, the original AP-42 cquation is for scrapers in travel mode, but the previous manual
incorrectly said the equation is for topsoil removal by scrapers.
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Example 11: Scraper when travelling

Using values fairly typical of conditions on Australian mines of 10% silt content. and gross
vehicle mass of 48t , the emission factor for TSP can be calculated as follows:

13 24
Kxs'e, X WD

EF b1t = 506556
Where:
Sisay = silt content of material (%
Wy, cehicle mass (1)
Krgp = 9.6 for total suspended particics
Koy, = 1.32 for PM;o
- Krgp = 5'8) x Wi
BF1sp fegrvkr = TTi66000
9610 ! x 48%¢
EFzgp fgrvkti = T

Efigr sruxri = 208 kg/VKT

13 w2t
Koy, ¥ 87y X Wi

T e
132x10'* x 48%*
EFou,, iaiven) = T

053 k/VKT

EFos, vt

Example 12: Graders

Assuming a vehicle speed of Sknmv/h, the emission factor for estimating TSP is caleulated as
follows:

EFs jorvrrs = 0.00345 87 Fenne)

EFpu,, tigr vy = 0-0034 x 82 B
Where:

Siemine = vehicle speed (knvhr)
EFrge ggrvacr; = 0.0084x 87 Mienre)

EFsgp gyt = 0.0034% 5% Fansne)
EFsgo ponviry = 0.18 kg/ VKT
EFtgp ikgrvicr = 0.0034x 82 i)
EFrsp igrvicrs = 0.0034x 68 s
EFres sorvcri = 0.085 kg/ VKT

1.1.13 Scraper (removing topsoil)

AP-42 (1998) gives a new factor (not an cquation) for topsoil removal by scraper. Note this is
in kg/t of topsoil.

Default values:

AP-42 gives an emission factor of 0.029kg/t for TSP emissions produced by scrapers while
removing topsoil.

The PM;o emission factor is derived using the same PM;o/TSP fraction as for the scraper in
travel mode {i.c. 25%).

EFrgp g = 0028 kg/t

Efong, s = 00073 kg t

1.1.14 Graders

The equations for the emission factors for estimating TSP and PMs from grading are from
AP-42 (USEPA, 1998). The equations are very sensitive to the operating specd assumed.
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1.1.15 Primary and Secondary Crushing and Loading/Unloading Coal toffrom
Stockpiles

These activities include primary crushing of coal. secondary crushing of coal, loading of coal

1o stockpiles, or vehicles. In practice, these are very smali contributors to the overall

particulate emissions from typical coal mines,

LOADING STOCKPILES

EFrsmon = 0.004kg/t

EFou, pony = 00017 kg/ t

UNLOADING FROM STOCKPILES
Efrsongny =003kg/t

EFw, gy = 0.013kg/t

LOADING TO TRAINS

EFrgpan; = 0.0004kg/t

EFou, ot = 0.00017kg/t

1.1.16 Miscellaneous Transfer and Conveying

AP-42 (USEPA, 1998) provides an emission factor equation for a continuous loading
operation, which should be used to estimate emissions from conveyor transfer points.

Example 13: Transfer and Conveying

Using typical values for mean wind speed (3.6m/s) and moisture content (8%, and a k value
of 0.74, the emission factor for TSP for cach transfer point is calculated as follows:
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( um,.,]’ :
22
EF jigrtrtanster pomy =K x0.0018x T\TT
%t

=
Where:
Kygn = (.74 for total suspended particles
Kpree = 0.35 for PMio
Upnrss = mean wind speed (m/s)
Mgy = moisture content (%)

EF 150 igrrmanster goont

EFtse iaruvanster som

&)

EF o gnsyaner pmety = 000032 kg/ransfer point

413
Ui rey ¥
22
e
-
3)
sy’
5

Ko, 0.0016 %

EF by, tegrtrvansier ponts

EF o,y gt rtanster pots = 0.35x0.0016x o
2
EF o, tigrt/wanster pos = 0.00016 kg/tAransfer point

1.1.17 Wind erosion from active coal stockpiles

The SPCC (1983) average value for wind erosion is 0.4 kg/ha/h (3,504 kg/ha/vear). It is
suggested that this vatue be adopted as a default in the absence of other information.

AP-42 (USEPA, 1998) states that 50% of the TSP is emitted as PM;o. Therefore, the default
emission factor for PMyo is 0.2 kg/havh, I site specific particle size data are available, this
should be used.

The AP-42 emission factor equation for wind erosion is:

% -pYy {fe .
EFrep ugrmary = 1.9 % (j‘_g]» 365 (352535 p) x .1&} Equation 22
: A
Where:
Sia = silt content (% by weight)
35

Mining version 3.3 - January 2012

p = number of days per vear when rainfall is greater than (0.25 mm)

= percentage of time that wind speed is greater than 5.4 ny/s af the mean height
of the stockpile

Taking s=15%. p=80 dA- and £=30%, EFrep somarye; IS cstimated to be 16,821 kg/ha/vr, which

is equal to 1.92 kg/ha/h. This is believed to be a high estimate for Australian conditions, It is

recommended that the SPCC (1983) default values be used.

Default values:

EFrsnigrmarne 4 kg/halhr

EFou,, tgrnatnes = 0.2kg/ hathr

1.1.18 Wind erosion from other exposed areas (chitter/waste emplacement dams and
wind erosion from exposed areas)

In the absence of other information, it is recommended that the SPCC (1983) factor of

0.4 kg/ha/h be adopted for TSP. In a similar manncr to active stockpiles, it can be assumed

that 30% of TSP is in the PM; fraction.

Notes on source and suitability of equation:

il

While the emission estimation equation for piles p d in 1.1.17 above, can be used
for characterising emissions from other exposed arcas, dams are frequently located in
sheltered, or low Iying arcas where wind speeds may be lower than typically measured.

Default values:
=0.4kg/halhr
0.2kg/ha/hr

ERrsn igthane

Efou,, iginan

1.1.19 Highwall mining

Highwall mining is a relatively new technique in A Han coal mines, It involves boring
horizontally into the open-cut highwall. The coal cutting point is essentially underground and
dust would not be expected to be released into the atmosphere, except at the point where the
coal is brought to the open air on the pit floor. It is assumed that the dust generated would be
equivalent to that for continuous loading operations, Dust from all other activities associated
with handling the coal (c.g. loading it to trucks, transporting by road) will need 1o be
considered using the various emission factors presented in Table 2 of this manual.

The emission factor suggested is for transfer and conveving as shown in

section 1.1.16.
Default values:

aster paaty = 0.00032 kg/t/transfer point
0.00015 kg/t/transfer point

EFyse pariite

EFpu, st

fer point

1.2 METALLIFEROUS MINES

1.2.1  General Comments

As for coal mines, metalliferous mines can be cither underground or open-cut. For
underground mines, those activities that take place do not contribute 1o dust emissions to the
envi except for emissions from ventilation shafts. The emission from ventilation
shafts should be cstimated based on the average concentration of dust in the vented air and the
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annual volume of air vented.

Unlike the coal mining industry, metalliferous mines in Australia have not conducied field
prog 10 d i ission factors. Asa | there are no local

emissions factors available to test the validity of USEPA emission factors.

Emission factors that are common between metaliiferous and coal mines are:

topsoil removal by scraper;

butldozers:

.

drilling:

.

blasting:

haul truck traffic on premises;

light/medium traffic on scaled roads:

graders;

wind crosion from stockpiles:

.

truck loading (metalliferous mines as for overburden, not coal): and

truck loading.
However, it is acknowledged that emissions will vary from mine to mine.

The emission factors that are different for metalliferous mines when compared with coal
mines arc:

» primary ore crushing;

secondary ore crushing;

tertiary crushing:

wet grinding:

dry grinding with air conveving or classifving:

.

dry grinding without air conveving or classifying:

drving;

0

cmissions from integrated de-dusting systems: and

misceliancous handling, transfer and conveying.

1.2.2  Loading Trucks and Unloading Trucks (rear dumping)
The USEPA equation (Equation 10) for batch loading/unloading is:
(Upmisi )
t 22

EFr60 gres = Krsm % 0.0018 x Equation 10

- ,“M\]x T
=)

Where:

EFiep sy = emission factor for total suspended particles (ky/t)

Efoy, mpm = cmission factor for PMye (ke/t)
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Kren = 0.74 for particles less than 30 micrometres acrodynamic diameter
Ko, = (0,35 for particles less than 10 nicrometres acrodynamic diameter
Upnsss = mean wind speed (m/s)

Mgy = moisture content (% by weight)

This equation has the same inherent difficulty as it does in its application to coal mining:
namely that the estimated cmissions are very small. For example, with an average wind speed
of 3.6 m/s and moisture content of 2%, the emission factor is 0.0022 kg/t.

For Australian mines, the dumping of overburden on coal mines has been calculated to
generate 0.012 kg/t and the loading of trucks using a truck and shovel has been calculated 10
generate 0.0249 kg/t (NERDDC, 1988), The equation therefore provides esti that are
significantly less (a factor of 3 to 10 less) than appears reasonable based on the NERDDC
measurements, However, the only option available seems 1o be to use the cquation.

It should be noted that using the NERDDC (1988} equations for coal mine overburden to
estimate emissions from the handling of orc may exaggerate emissions from ore handling,
given that overburden is frequently weathered, and is likely to contain a higher fraction of
fine material than many ores.

1.2.3  Other Processing Steps
Other processing sieps include:

primary ore crushing;

secondary ore crushing:

tertiary crushing:

wet grinding:

drv grinding - with air conveying:

drv grinding without air conveying:

drving: and

emissions from integrated de-dusting svstems.

The emission factor quoted for thesc activitics in Table 2 is drawn from USEPA (1998,
Section 11.24),

When considering emissions from metalliferous mining operations, it is useful to note that
any ore {except bauxite) with moisture greater than 426 by weight, cither naturally or by
virtue of added water, is considered as a ~high moisture™ ore. If an ore is “high moisture™ at
the primary crusher, then it will remain so unless itis dried in the process. The other issue to
note is that the emission factors quoted in Table 2 apply 10 all operations typically associated
with the process, Therefore, emissions from a primary crushing activity include emissions
from the screens, the crusher. the surge bin, the apron feeder, and conveyor belt transfer
points that are integral to the crusher.
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APPENDIX B
- EMISSION ESTIMATION TECHNIQUES - WATER & Table 8: Table of important elements
LAND

1 INTRODUCTION Aluminium
Antimony Sb 122 Lead Pb 207
Th; purposc of this appendix is to provide additional guidance on the z}harﬂglcﬁsalign of Arsenic As 75 Magnesium Mz 24
emissions to water and land. This appendix should be read in conjunction with Sections 6 and Barium Ba 37 Manganese M 55
7 of this manual and provides: ; s i
. ) o Beryllium Be 9 Mercury Hp 201
» Information on default concentrations of NPI substances in various rock and ore types Bismuth Bi 209 Molybdemum Mo %
(Section 1.1}, including some discussion on the suitability of this data for use in emission - M
estimation. Beron B i Nickel Ni 59
. Jitog v
¢ General guidance on how to apply the emission estimation techniques presented in the Cadmium ¢ 12 Nigogen N M
manual, the types of data that may be available to assist in emission estimation, as well as Calcium Ca 40 Oxygen o 16
some clarification of the term “transfers as it applies to mining {Section B.1.2). Carbon [ 12 Phosphorus P 3t
* A discussion of the use of monitoring data for the characterisation of emissions Chiorine cl 35 Sclenium Se 7%
+ A discussion of the use of mass balance as an cmission cstimation technique (Section 1.4), Chromium Cr 52 Siticon Si 28
. - . . . s o Cobalt Co 59 Silver Ag 108
A discussion of the types of site specific data that may be available to assist in emissions ’ N
estimation (Section 1.5). Copper Cu o Sulfur s 32
. . . N Fl F 19 Ti S 19
* A scries of worked examples to illustrate the application of the EETs provided for water uonne m "
and land. Gold Au 197 Zine Zn 65
Hydrogen H 1 Zirconium Zr 91

1. Itshould be noted that the following are not NPI substances: aluminium, barium, bismuth, caleium, gold,
iron, molybdenum, oxygen, silicon, silver, and zirconium. Some of the other substances listed are reportable
ly in certain forms {e.g. carbon disulfide). The information has been provided for the purposes of
assisting you to caloulate the prop of NPT sub in .

2. Based on stomic weight of carbon 12

3. Atomic weights can be used to caleulate the weight of 3 reportable metal in minerals. For example, the
chenical formula of chaleopyrite is CuFeS; and its atomic weight will be 64 + 36+ (2 x 32) = 184, A tonne
of chalcopyrite will thercfore contain about .34 (64/184) tonnes of copper.
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1.1 General assumptions for emission estimation techniques

The methods outlined in this manual for the estimation of emissions from mine sites take the
following matters and/or assumptions into account:

Routine monitoring ensures that envi [ performance dards are met as arc licence
and permit requirements. In general monitoring will be directed to actual and perceived
environmental issucs that are significant for the particular mine. While it is not envisaged that
facilities will need to conduct monitoring beyond that which is currently required, available
monitoring data should be used to assist in determing emissions for the purposes of NPI
reporting (see Section B, 1.3 for a further discussion of this).

Reportablc emissions are d to the sut that are actually emitted to the
environment. Materials retained in tailings storage facilities, sediment from disturbed arcas
held in ponds or pits and waste rock/spoil dumps arc examples of transfers (see Section 8 for
a further discussion of “transfer” as these terms apply to mining operations).

Volatile substances, such as chlorinated solvents and volatile organic compounds, are
assumed {0 generate eniissions to air. Similarly, carbon disulfide formed as a result of the
decomposition of xanthates is assumed to be reporied as an air emission. Methyl Isobutyl
Carbinol (MIBC) held in a water or tailings storage facilities will be metabolised relatively
quickly and, where retention times exceed about four weeks, there should be no emissions of
MIBC to water,

MIBC emissions must be reported where there are overflows from water/tailings storage
and/or leaks and discharges from the beneficiation plant. In these cases, the emission
estimations should be based on the standard concentration of MIBC used in the plant and the
volume of water discharged to the environment. If the MIBC concentration is not known, a
figure of Hig/m® of water discharged should be assumed.

Actual emissions depend on a range of variables including materials handling and
management practices, physical and chemical propertics of wastes and soils, local
topography, climate {including climatic ex slope, v ion cover, mot

infiltration and related matters. These factors will vary from facility to facility and it is
generally not possible to provide generic equations that will be applicable across the mining
industry. 1t is therefore recognised that the estimation of emissions requires the application of
techniques and methods that are appropriate to the facility. This section of the manual
provides some guidance on the approaches that may be used when data from definitive
monitoring is not available,

It is not the intention of the NPI to require facilities to extend or c\pand monitoring bevond
that currently being conducted. In these situations it is id ptable to use ﬁﬂurcs
bascd on the av erage concentration of trace metals in the various materials identified in

Table 9 (NB: This is subject to the limitations indicated in Footnote 3 to the Table).

The heterogencous distribution of minerals, including trace ¢l between and within
mine sites, requires detailed and rigorous sampling to accurately determine the concentrations
of these mincrals and substances within various arcas of the mine operation. Emission
estimates that use monitoring data and consider the distribution of substances and their
emissions, will generally give reliable figurcs, Where assemptions or general terms or figures
are used in calculations, inherent errors will be introduced and the reliability of the estimates
will decrease. Where there are several steps and a number of assumptions required to cstimate
cmissions, the use of generic data can lead to significant reductions in the accuracy of the
cstimates.
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Sulfide or silicate materials typica]]\‘ have solubility cocfficients of < 10-20 g/L. In general, it
is not necessary to d ine emission: oflo“ solubility species separately from suspended
solids emissions. In these ci ions of dissolved sub with low
solubility would fall within the range of general estimation ¢rrors. For example, total losses of
dissolved metals where flows are > 10'° L#v would be measured in grams, in contrast,
emissions of suspended solids may be in kilogram to tonne quantities with the accuracy of
these emissions estimate likely, at best, to be + 10%. As the maximum possible dissolved
metal emission, say 10 grams, falls well within the total emission, say 100 kg = 10 kg, it is not
valid to report the emission as 160.01 kg,

Where site specific cstimates of erosion are not available, the general figures indicated in the
Table below may be used.

Table 10: Erosion rates

40 1omnes

po s. veg 23%. dispers
annum ((!lmj\ T} content including tailings and similar materials,

20 tonnes per hectare per areas disturbed by mining operations, including waste dumps, cleared Jand an
annum (Vhafy} infrastructure., other cases

<1 tonnes per hectare B

Pl (‘mgm) eetare per well vegetated sites and areas dominated by competent rock

1. Source: Personal Ci ion, C. Carroll, I of Naturat Emerald, Q

(unpublished Thesis).

Note: Where sediment control structures are installed, the sediment estimates may be derived from filterable
residues from dam discharges instead of run-ofl v:

"

Erosion of 40 tha/y may occur in arcas with dispersive or loose soils with poor vegetation
cover and rainfall of about 900 mm per annum. This can be used as a representative figure for

“high erosion rate” and should be used for these situations, including direet crosion of tailings
type materials.

Erosion from well vegetated sites and areas dominated by competent rock may be less than 1
thafy under similar rainfali conditions and this may be regarded as “low erosion rate”. Where
crosion data are not avatlable, a figure of 20 t/ha/y may be assumed for the purposes of NPI
reporting. (This figure may be applied to arcas disturbed by the mining operation including
waste dumps, cleared land and infrastructure.)

It should be noted that the above figures generally relate to average rainfall conditions and
should be adjusted to reflect actual rainfall over the reporting period. Where rainfall is below
average and up to 1.3 times higher than the average rainfall, a pro rata adjustment to the
erosion rate should be made. Where rainfall is over 1.3 times annual rainfall the pro rata
adjustment should be increased by 40% to fully account for the additional erosion that would
be expected because of the hléhcr rainfall.

Determination of sulfuric acid generation from pyrite oxidation is a complex matter and
should be determined on a site by site basis. Acid drainage generated will be neutralised by
naturally occurring alkaline materials. Therefore, pH and sulfate concentrations cannot be
used in isolation to estimate sulfuric acid generation and emissions. This is discussed further
in Scction 6.5.5.

Where the pH of the discharge is considered acidic, sulfuric acid emissions must be
estimated, preferably using site specific data. When site specific data are not available, it
should be assumed that sulfuric acid generation is 240 kg/ha of exposed acid-gencrating
material. (This is calculated on the basis that the oxidation of material with a 1% pyrite

Mining version 3.1 - Janvary 2612

content and no neutralising capacity will result in the generation of about 16 kg sulfuric acid
per tonne of acid generating rock. The erosi of 1 mm of this material cquates to
10 m*/ha, which at a density of 1.5 vm® would have a mass of 135 tha, hence, 240 (15 x 16) kg
per hectare).

111 Typical Data Availability
A summary of the data typically available at mine sites for use in emission estimation is
provided below:

1.1.2  Fugitive Emissions: Dust

Table 11: Fugitive emissions {Dust)

Drop in metres for draglines Limited (from on-site estimates)

Moisture content of soil (% Available most sites

Mean wind speed (m/s) Available most sites

Arca blasted (m:} Available

Depth of blast holes (m) Available most mines

Silt content of soil (%) Limited

Vehicle gross mass Available

Mean vehicle speed (kovh) Limited {estimates based on site speed limits)
:\‘citicd ]Ccnvcl of reportable substances in Limited

Average level of reporiable substances in Limited

waste rock

Average level of reportable substances inore  Available some sites

1.1.3 Fugitive Emissions: Metals

Table 13: Fugitive Emissions: Metals

Assay data Limited

volume of fucl used per tvpe of vehicle
(tracked

ailable some st
type tractor, wheeled tractor, scraper, grader, Available some sites
off-highway truck}
Water balance information Limited
Reportable substances leaving the site cither .
) K N Very limited
dissolved in water or as suspended solids
Content in process waters Available some sites

Content in surface water runoff’ Available some sites
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Leachate from stockpiles, overburden, waste

s Available some sites
rocks, and tailings to surface waters

1.1.4 Emissions to Waters
Table 14: Emissions to Waters

“Concentration of reportable substances Very limited
Flow rate Very limited
Q ities of reportable sut used in

. ) Generally available

Workshops and maintenance operations
Flows, volumes and water balances (leachate
from o

- L Very limited
tailings storage facilitics & waste rock
dumps)
Composition of target and trace metals in all . 3
. i Available some sites
materials handled and in run-off waters

Water quality monitoring data Limited parameters

Quantitics of materials lost in any way from . X
. A . Available some sites
plant {e.g. tailings, coarse rejects, spillages)

1.2 Use of Monitoring and Flow Data
\Aommn% and flow data can be used to estimate dissolved and ded sedi

from specific catct When plete data sets arc av vailable {c.g. real time
momlormg of ﬂo“s metal concentrations in water determined from specific monitoring),
mass emi will be ively reliable. Where there are several catchments
contributing to a measured flow (c.g. downstream monitoring of a mining lease where water
quality is influenced by run-off from non-mining catchments plus run-off from areas affected
by the mining operation) errors may be introduced when allocating a proportion of the flow to
the mining operations. Similarly, if complete data are not available, an “average™ metal
concentration calculated from an incomplete data set will probably incorporate errors.
Consequently the refiability of the estimate will be significantly reduced and should be noted
in reporting.

1.2.1  Data Required/Available and Qualifications/Errors

The data that may be available and relevant comments on that data are described in the
following table. It is recognised that certain data may be available from monitoring at
different locations at the facility and therefore may only provide a partial characterisation of
cmissions (or only cnable emissions from a specific arca of the facility to be determined).
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Water Balance

Flow and Flow
Rate

Rainfall

Rainfall Run-off

Water Quality
Data

Suspended
Solids

Survey

Table 12: Potential data sources

The water management plan for the facility may deseribe water
management practices under general and extreme rainfall
conditions. Run-off over the reporting period may be estimated

from site data including water production losses and
rainfall,

May be directly monitored and total flows can be reporied for cach
rainfall event. May be estimated from the cross sectional area of
the water course and flow rates, Inherent ervors due to differences
in flow rates within water courses, {e.g. cenire flows faster than
the sides and bottom). May be estimated from Australian Rainfall
and Run-off with site calibration.

Actual rainfall will vary significantly over large sites, particularly
when storm events provide a high proportion of total rainfall. Site
rainfall data should be used where available. Alternatively data
from the nearest meteorological station may be used. Care should
be taken to ensure that the data from off-site meteorological
stations is representative of rainfall at a particular site.

Actual emissions will relate to run-off from the site which will

propesties, veg cover, soii ility and

content, total rainfall, rainfall intensity and water use, Significant
variations will occur between sites and from year to year at the
same site. When flow data are not available, guidance on run-off
as a proportion of total rainfall can be obtained from personnel
within regional offices of state/territory Government primary
industry and/or water resources departments.

The data will depend on the samples taken. the variables analysed
and the analytical methods used. Water quality samples are
commonly collected using automatic samples, for subsequent
analysis. Continual monitoring and recerding may be conducted
for certain parameters (c.g. pH, electrical conductivity, and
specific metals). Samples containing suspended solids may be
filtered to provide an analysis of the filtraic and give dissolved
mctal concentrations. Analysis of the total sample, involving an
acid digestion will give the total metal concentration in the sample
(i.c. dissolved plus suspended solid material). As most metal
species are insoluble, a relatively high metal concentration would
suggest an acid digest. If data on concentrations of total metals is
not available, it may not be necessary to estimate these from other
information sources

Infc on suspended solids can be obtained from gravimetric
techniques from sampling or direct monitoring data. Such analyses
do not usually include trace element concentrations. If suspended
solids data are available, mass balance calculations can be used to
estimate emissions.

Mine surveys will give data on land use within the arca of interest

Information {e.g. all sections of the mine, stockpiles, infrastructure, tailings
and environmental dams, clcared and undisturbed arcas). While
catchment areas of each feature can be measured accurately, run-
off, infiltration and scdiment transport characteristics will vary.
Without calibration for the site, any emission estimates based on
sub-catchment areas will introduce errors.

1 Haht

Trace metal fons may be s from
process monitoring {¢.g. of concentrates and tailings), Trace
metals will be present in waste rocks and sub-cconomic ore. Data
may be available from geological modelling of the deposit. If

Trace clement
data on solids
(e.g. waste rock,

f;;‘i;m;)mc’ p ive data are not available for all waste rock types,
& estimates from incomplete data will introduce errors.
Relevant Background data may be available from monitoring and
Background environmental studies (c.g. water quality data, trace clement
Data concentration in soils, suspended solids loadings).

In summary, where reliable flow and water chemistry data are available, emissions of metals
and trace clements can be determined with a reasonable degree of aceuracy. Reportable
cmissions can be calculated from the product of the flows and the trace clement
concentrations for those flows. Care should be taken to ensure that the data are sufficient to
fully account for variations over the reporting period.
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P
A1519% 5
Foyaunasindanagisaniaiesdng dwmdududrluuuudtass AERMOD
SEazS AT ‘ Jusu

wafduaiesing ¥ 247 hp (50 ton)
ANNENTBIYATT VIR 3.7 LURs
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3 o t =3
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flan: 1/ Crane Specifications, http://www.bigge.com/crane-charts/TR500XL-3.pdf

1 /
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0 1060 2000 3000 4000 5000

Downwind Distance (m)

fian : Final Localized Significance Threshold Methodology, Revised July 2008 483 South Coast Air Quality Mamagement
District (SCAQMD) w1 2-8 (fiadasain Arellano, J.V., AM. Talmon, and P.J.H. Builtjes, 1990, A Chemically Reactive
Plume Model for the NO-NO,-O3 Systern, Atmospheric Environment 24A, 2237-2246)

74

U7 5 : dadauaas NO,/ NOx fiszazuinedngs anuvdsiiiiauiinasineas

(Downwind Distance)
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A1919% 6
Adagaues NO, / NOx fiseeesinennes arnuuasndaususineay

(Downwind Distance)

szemhanuuasiudausinasheau
 (Downwind Distance) (1393)

 auwiono,

20 0.053
50 0.059
70 0.064
100 0.074
200 0.114
500 0.258
1,000 0.467
2,000 0.750
3,000 0.900
4,000 0.978
5,000 1

finr:  Final Localized Significance Threshold Methodology, Revised July 2008 484 South Coast Air Quality
Mamagement District (SCAQMD) vti1 2-8 (siawdasann Arellano, J.V., AM. Talmon, and P.J.H.
Builtjes, 1990, A Chemically Reactive Plume Model for the NO-NO,-Os System, Atmospheric Environment
244, 2237-2246)
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156.62 | 4894

157.15

78.69 1,813.30

widae : lulasnSuw/anunadiuns

Fi’m'ﬂw,‘ﬁ}ll‘i’fu@iﬁﬂ 243.09 510 0.467 113.52% 43,10 2,748.50 | 2,905.65 8.50 1,891.99 18.44 4.22 71.00 75.22. 62.68
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usin 739588E 1444650N 739788E 1444150N 739688E 1444150N 739788E 1444150N

frmakazsresinaniuineasie
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510 was yefignsTunnidaanis (W)

7 was neRald (S)

36 WA IeEmzTuan (W)
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Huftgaulun

ULy 2 thuinnsed 124.61 300 | o258 | 3215 | 4310 | 7525 2352 3500 | 274850 | 278350 | 8.4 1677 | 181330 | 1,83007 | 1784 0.80 7100 | 7180 | 5983
WATFIY 320 34,200 ¥ 10,260 ¥ 120 ¢

wnewme 1/

dndu NO/NO, ulskndunuszagneanuvasiilia 69989310 Final Localized Significance Threshald Methodology, June 2003 Revised 2008 wti 2-8

2/ dgweninmsaniaiaguamemAnTenuRansufiEnumnasnslaaiulasanuansenuiininden uasninsmsiinaunsindeununwiawindey daugaamnssumnsy Saiiuiuein sewine w.m.2553-2559
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Fufi 21 Suanau 2559
8:00 - 9:00 56.2 51.0 58.7 60.6 4.4 0.0 9.6
9:00 - 10:00 54.5 51.2 58.7 60.1 5.6 1.5 7.4
10:00-11:00 56.5 49.9 58.7 60.7 4.2 2.0 8.8
11:00-12:00 64.5 57.0 58.7 65.5 1.0 7.0 1.5
13:00-14:00 53.1 48.8 58.7 59.8 6.7 1.0 10.0
14:00-15:00 64.6 55.0 58.7 65.6 1.0 7.0 3.6
15:00-16:00 59.2 55.4 58.7 62.0 2:8 3.0 3.6
16:00-17:00 57.7 50.8 58.7 61.2 3.5 2.0 8.4
Sudi 22 Suanau 2559
8:00 - 9:00 56.6 514 58.7 60.8 4.2 2.0 7.4
9:00 - 10:00 55.2 50.2 58.7 60.3 5.1 1.5 8.6
10:00-11:00 57.7 50.8 58.7 61.2 3.5 2.0 8.4
11:00-12:00 62.2 55.7 58.7 63.8 1.6 4.5 3.6
13:00-14:00 65.1 554 58.7 66.0 0.9 7.0 3.6
14:00-15:00 66.0 59.3 58.7 66.7 0.7 7.0 0.4
15:00-16:00 64.1 554 58.7 65.2 1.1 7.0 2.8
16:00-17:00 58.5 49.1 58.7 61.6 3.1 3.0 95
udi 23 Suanau 2559
8:00 - 9:00 59.2 50.7 58.7 62.0 2.8 3.0 8.3
9:00-10:00 62.9 58.3 58.7 64.3 14 70 | lasunau?
10:00-11:00 58.2 52.3 58.7 61.5 3.3 3.0 6.2
11:00-12:00 62.0 55.0 58.7 63.7 1.7 4.5 4.2
13:00-14:00 58.8 54.8 58.7 61.8 3.0 3.0 4.0
14:00-15:00 64.6 58.2 58.7 65.6 1.0 7.0 0.4
15:00-16:00 59.9 54.1 58.7 62.4 25 0.0 8.3
16:00-17:00 55.2 49.5 58.7 60.3 5.1 1.5 9.3
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Suft 24 Suanau 2559
8:00 - 9:00 51.8 453 58.7 59.5 7.7 0.5 137
9:00 - 10:00 51.7 45.4 58.7 595 7.8 0.5 13.6
10:00-11:00 51.3 458 58.7 59.4 8.1 0.5 13.1
11:00-12:00 64.5 51.0 58.7 65.5 1.0 7.0 75
13:00-14:00 48.4 41.1 58.7 59.1 10.7 0.5 175
14:00-15:00 48.6 41.0 58.7 59.1 10.5 0.5 176
15:00-16:00 494 41.8 58.7 59.2 9.8 0.5 169
16:00-17:00 50.0 44.2 58.7 59.2 9.2 0.5 145
Fuft 25 Suanau 2559

8:00 - 9:00 49.3 42.8 58.7 59.2 9.9 0.5 159
9:00 - 10:00 49.5 42.8 58.7 59.2 9.7 0.5 159
10:00-11:00 48.9 43.0 58.7 59.1 10.2 0.5 156
11:00-12:00 47.6 42.0 58.7 59.0 11.4 0.5 165
13:00-14:00 46.1 40.2 58.7 58.9 12.8 0.0 187
14:00-15:00 46.8 40.3 58.7 59.0 12.2 0.5 18.2
15:00-16:00 47.3 40.2 58.7 59.0 11.7 0.5 183
16:00-17:00 48.9 41.6 58.7 59.1 10.2 0.5 17.0
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Suft 21 Suaau 2559
LIAINANIU
8:00 - 9:00 56.2 51.0 539 58.2 2.0 a5 - 2.7
9:00 - 10:00 54.5 51.2 539 57.2 2.7 3.0 - 3.0
10:00-11:00 56.5 49.9 53.9 58.4 1.9 4.5 - 4.0
11:00-12:00 64.5 57.0 53.9 64.9 0.4 7.0 - 0.9
12:00-13:00 65.4 56.8 53.9 65.7 0.3 7.0 - 1.9
13:00-14:00 531 48.8 53.9 56.5 3.4 0.0 - 7.7
14:00-15:00 64.6 55.0 53.9 65.0 0.4 7.0 - 3.0
15:00-16:00 59.2 55.4 53.9 60.3 1.1 7.0 - laisunau?
16:00-17:00 57.7 50.8 53.9 59.2 1.5 4.5 - 3.9
17:00-18:00 57.5 49.9 539 59.1 1.6 4.5 - 4.7
18:00-19:00 50.9 44.6 53.9 55.7 4.8 1.5 - 9.6
19:00-20:00 495 44.5 53.9 55.2 5.7 1.5 - 9.2
20:00-21:00 49.2 43.8 53.9 55.2 6.0 1.5 - 9.9
21:00-22:00 44.9 39.7 53.9 544 9.5 0.5 - 14.2
LIaINANeAY
22:00-22:05 45.6 41.0 53.9 54.5 8.9 0.5 3.0 16.0
22:05-22:10 42.8 39.5 539 54.2 114 0.5 3.0 17.2
22:10-22:15 42.9 39.6 53.9 54.2 11.3 0.5 3.0 17.1
22:15-22:20 43.6 40.4 53.9 54.3 10.7 0.5 3.0 16.4
22:20-22:25 42.7 40.1 53.9 54.2 11.5 0.5 3.0 16.6
22:25-22:30 455 40.9 539 545 9.0 0.5 3.0 16.1
22:30-22:35 42.1 39.6 53.9 54.2 12.1 0.5 3.0 17.1
22:35-22:40 42.9 39.6 53.9 54.2 11.3 0.5 3.0 17.1
22:40-22:45 41.6 38.7 53.9 54.1 12.5 0.0 3.0 18.4
22:45-22:50 424 39.1 53.9 54.2 11.8 0.5 3.0 17.6
22:50-22:55 40.6 38.9 53.9 54.1 13.5 0.0 3.0 18.2
22:55-23:00 45.6 38.2 53.9 545 8.9 0.5 3.0 18.8
23:00-23:05 46.4 38.5 53.9 54.6 8.2 0.5 3.0 18.6
23:05-23:10 45.6 39.1 539 54.5 8.9 0.5 3.0 17.9
23:10-23:15 41.9 39.1 53.9 54.2 12.3 0.5 3.0 17.6
23:15-23:20 42.8 394 53.9 54.2 114 0.5 3.0 17.3
23:20-23:25 42.2 39.6 539 54.2 12.0 0.5 3.0 17.1
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23:25-23:30 46.4 40.2 53.9 54.6 8.2 0.5 3.0 16.9
23:30-23:35 453 39.3 53.9 54.5 9.2 0.5 3.0 17.7
23:35-23:40 432 39.3 53.9 54.3 11.1 0.5 3.0 17.5
23:40-23:45 40.7 38.1 53.9 54.1 13.4 0.0 3.0 19.0
23:45-23:50 42.9 39.0 53.9 54.2 11.3 0.5 3.0 17.7
23:50-23:55 42.5 392 53.9 54.2 11.7 0.5 3.0 17.5
23:55-24:00 46.5 394 53.9 54.6 8.1 0.5 3.0 17.7
00:00-00:05 459 39.3 53.9 54.5 8.6 0.5 3.0 17.7
00:05-00:10 44.0 40.0 53.9 54.3 10.3 0.5 3.0 16.8
00:10-00:15 42.5 39.5 53.9 54.2 11.7 0.5 3.0 17.2
00:15-00:20 39.6 38.5 53.9 541 14.5 0.0 3.0 18.6
00:20-00:25 41.5 38.3 53.9 54.1 12.6 0.0 3.0 18.8
00:25-00:30 414 38.7 53.9 54.1 12.7 0.0 3.0 18.4
00:30-00:35 40.8 39.1 53.9 54.1 133 0.0 3.0 18.0
00:35-00:40 43,1 39.0 53.9 54.2 11.1 0.5 3.0 17.7
00:40-00:45 42.6 38.4 53.9 54.2 11.6 0.5 3.0 18.3
00:45-00:50 41.3 38.9 53.9 54.1 12.8 0.0 3.0 18.2
00:50-00:55 40.2 38.3 53.9 54.1 13.9 0.0 3.0 18.8
00:55-01:00 49.0 38.7 53.9 55.1 6.1 1.5 3.0 17.9
01:00-01:05 42.5 38.9 53.9 54.2 11.7 0.5 3.0 17.8
01:05-01:10 44.2 39.1 53.9 54.3 10.1 0.5 3.0 17.7
01:10-01:15 42.2 38.6 53.9 54.2 12.0 0.5 3.0 18.1
01:15-01:20 423 39.0 53.9 54.2 11.9 0.5 3.0 17.7
01:20-01:25 49.2 39.9 53.9 55.2 6.0 1.5 3.0 16.8
01:25-01:30 39.5 38.6 53.9 54.1 14.6 0.0 3.0 18.5
01:30-01:35 41.4 38.3 53.9 54.1 12.7 0.0 3.0 18.8
01:35-01:40 451 394 53.9 54.4 9.3 0.5 3.0 17.5
01:40-01:45 42.6 38.6 53.9 54.2 11.6 0.5 3.0 18.1
01:45-01:50 50.7 39.5 53.9 55.6 4.9 1.5 3.0 17.6
01:50-01:55 41.7 39.1 53.9 54.2 12.5 0.0 3.0 18.1
01:55-02:00 40.6 38.1 539 54.1 13.5 0.0 3.0 19.0
02:00-02:05 41.7 38.2 539 54.2 12.5 0.0 3.0 19.0
02:05-02:10 40.0 38.4 53.9 54.1 14.1 0.0 3.0 18.7
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02:10-02:15 556 39.8 53.9 57.8 2.2 4.5 3.0 16.5
02:15-02:20 29.6 37.4 53.9 54.1 14.5 0.0 3.0 19.7
02:20-02:25 40.1 37.8 539 54.1 14.0 0.0 3.0 19.3
02:25-02:30 433 38.1 53.9 54.3 11.0 0.5 3.0 18.7
02:30-02:35 40.8 38.7 53.9 54.1 13.3 0.0 3.0 18.4
02:35-02:40 415 38.9 539 54.1 12.6 0.0 3.0 18.2
02:40-02:45 40.0 37.7 53.9 54.1 14.1 0.0 3.0 194
02:45-02:50 40.4 38.4 53.9 54.1 13.7 0.0 3.0 18.7
02:50-02:55 40.8 379 53.9 54.1 13.3 0.0 3.0 19.2
02:55-03:00 a3.7 38.5 539 543 10.6 0.5 3.0 18.3
03:00-03:05 437 38.7 539 54.3 10.6 0.5 3.0 18.1
03:05-03:10 42.2 38.0 53.9 54.2 12.0 0.5 3.0 18.7
03:10-03:15 40.1 36.8 53.9 54.1 14.0 0.0 3.0 20.3
03:15-03:20 38.8 36.5 53.9 54.0 15.2 0.0 3.0 20.5
03:20-03:25 a1.6 37.6 53.9 54.1 125 0.0 3.0 19.5
03:25-03:30 43,1 38.5 53.9 54.2 111 0.5 3.0 18.2
03:30-03:35 41.2 38.1 53.9 54.1 12.9 0.0 3.0 19.0
03:35-03:40 42.0 38.3 53.9 54.2 12.2 0.5 3.0 18.4
03:40-03:45 432 38.8 53.9 54.3 11.1 0.5 3.0 18.0
03:45-03:50 424 39.8 53.9 54.2 11.8 0.5 3.0 16.9
03:50-03:55 40.3 375 53.9 54.1 13.8 0.0 3.0 19.6 V
03:55-04:00 40.3 376 53.9 54.1 13.8 0.0 3.0 19.5
04:00-04:05 43.0 39.6 53.9 54.2 11.2 0.5 3.0 17.1
04:05-04:10 41.1 38.4 53.9 541 13.0 0.0 3.0 18.7
04:10-04:15 44.2 38.6 53.9 54.3 10.1 0.5 3.0 18.2
04:15-04:20 551 40.6 53.9 57.6 2.5 0.0 3.0 20.0
04:20-04:25 42.4 38.4 539 54.2 11.8 0.5 3.0 18.3
04:25-04:30 44.1 38.8 53.9 543 10.2 0.5 3.0 18.0
04:30-04:35 43.6 40.5 53.9 543 10.7 0.5 3.0 16.3
04:35-04:40 433 414 53.9 54.3 11.0 0.5 3.0 154
04:40-04:45 43.8 40.3 53.9 54.3 10.5 0.5 3.0 16.5
04:45-04:50 42.5 40.5 53.9 54.2 11.7 0.5 3.0 16.2
04:50-04:55 46.6 40.0 53.9 54.6 8.0 0.5 3.0 17.1
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04:55-05:00 44.4 41.5 53.9 54.4 10.0 0.5 3.0 154
05:00-05:05 46.4 41.3 53.9 54.6 8.2 0.5 3.0 15.8
05:05-05:10 44.7 41.2 53.9 54.4 9.7 0.5 3.0 15.7
05:10-05:15 48.2 42.5 53.9 54.9 6.7 1.0 3.0 14.4
05:15-05:20 458 42.1 53.9 54.5 8.7 0.5 3.0 14.9
05:20-05:25 47.3 42.0 53.9 54.8 7.5 0.0 3.0 15.8
05:25-05:30 436 39.1 53.9 54.3 10.7 0.5 3.0 17.7
05:30-05:35 46.3 40.6 53.9 54.6 8.3 0.5 3.0 16.5
05:35-05:40 459 42.4 53.9 54.5 8.6 0.5 3.0 14.6
05:40-05:45 45.3 42.8 53.9 54.5 9.2 0.5 3.0 14.2
05:45-05:50 47.2 a2.4 53.9 54.7 7.5 0.5 3.0 14.8
05:50-05:55 47.3 44.1 53.9 54.8 7.5 0.0 3.0 13.7
05:55-06:00 49.4 449 53.9 55.2 5.8 1.5 3.0 11.8
Fudi 22 Surau 2559
LIAINANTY
6:00 - 7:00 51.1 46.6 53.9 557 4.6 1.5 - 7.6
7:00 - 8:00 64.5 56.7 53.9 64.9 0.4 7.0 - 1.2
8:00 - 9:00 56.6 514 53.9 58.5 1.9 4.5 - 2.6
9:00 - 10:00 55.2 50.2 53.9 57.6 24 0.0 - 7.4
10:00-11:00 57.7 50.8 53.9 59.2 1.5 4.5 - 3.9
11:00-12:00 62.2 55.7 53.9 62.8 0.6 7.0 - 0.1
12:00-13:00 63.5 57.3 53.9 64.0 0.5 7.0 - ladsunau?
13:00-14:00 65.1 554 53.9 65.4 0.3 7.0 - 3.0
14:00-15:00 66.0 59.3 53.9 66.3 0.3 7.0 - Tadsunu?
15:00-16:00 64.1 55.4 539 64.5 0.4 7.0 - 2.1
16:00-17:00 585 49.1 539 59.8 1.3 7.0 - 3.7
17:00-18:00 51.3 4 457 53.9 55.8 4.5 1.5 - 8.6
18:00-19:00 48.1 439 539 54.9 6.8 1.0 - 10.0
19:00-20:00 49.5 44.6 53.9 552 57 1.5 - 9.1
20:00-21:00 50.2 44.2 539 55.4 52 1.5 - 9.7
21:00-22:00 51.2 425 53.9 55.8 4.6 1.5 - 11.8
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WHEeTUNIUINNTIASINAS IUSTELARES19 INAANTIUNISIANLEDA
UsulseSeuguuusEniianansdusen (nsdlliifnnsiiunanuges) (se)

4396781 Houade LE 20U | AU | wWade | 6 sy | ArszAuLEes
14alus | Augw | e @oe | dswiv | USu | wiwdes | sunaulu
MMs | 315 | AN 594 e | anAl | nansAu EHIIE
a57990” | as2ada” | Ranssu adunns
LIAINANIAY
22:00-22:05 455 40.9 53.9 54.5 9.0 0.5 3.0 16.1
22:05-22:10 44.5 41.0 53.9 54.4 9.9 0.5 3.0 15.9
22:10-22:15 46.8 40.8 53.9 54.7 7.9 0.5 3.0 16.4
22:15-22:20 44.8 39.6 53.9 54.4 9.6 0.5 3.0 17.3
22:20-22:25 435 39.5 53.9 54.3 10.8 0.5 3.0 17.3
22:25-22:30 43.0 40.0 53.9 54.2 11.2 0.5 3.0 16.7
22:30-22:35 42.2 40.1 53.9 54.2 12.0 0.5 3.0 16.6
22:35-22:40 42.6 39.3 539 54.2 11.6 0.5 3.0 174
22:40-22:45 46.6 40.9 53.9 54.6 8.0 0.5 3.0 16.2
22:45-22:50 42.9 39.9 53.9 54.2 11.3 0.5 3.0 16.8
22:50-22:55 45.2 41.1 53.9 54.4 9.2 0.5 3.0 15.8
22:55-23:00 a1.7 39.7 53.9 54.2 125 0.0 3.0 17.5
23:00-23:05 435 39.8 53.9 543 10.8 0.5 3.0 17.0
23:05-23:10 43.0 40.0 53.9 54.2 11.2 0.5 3.0 16.7
23:10-23:15 48.2 40.8 53.9 54.9 6.7 1.0 3.0 16.1
23:15-23:20 44.8 414 53.9 54.4 9.6 0.5 3.0 155
23:20-23:25 47.3 41.9 53.9 54.8 75 0.0 3.0 15.9
23:25-23:30 44.6 41.3 53.9 54.4 9.8 0.5 3.0 15.6
23:30-23:35 4a2.7 41.2 53.9 54.2 11.5 0.5 3.0 155
23:35-23:40 451 41.4 53.9 54.4 9.3 0.5 3.0 15.5
23:40-23:45 431 40.1 53.9 54.2 11.1 0.5 3.0 16.6
23:45-23:50 29.7 37.7 53.9 541 144 0.0 3.0 194
23:50-23:55 41.5 39.1 53.9 54.1 12.6 0.0 3.0 18.0
23:55-24:00 42.9 39.2 53.9 54.2 11.3 0.5 3.0 17.5
00:00-00:05 42.9 394 53.9 54.2 11.3 0.5 3.0 17.3
00:05-00:10 40.7 38.9 53.9 54.1 134 0.0 3.0 18.2
00:10-00:15 415 39.1 539 54.1 12.6 0.0 3.0 18.0
00:15-00:20 41.7 38.5 53.9 54.2 12.5 0.0 3.0 18.7
00:20-00:25 41.0 39.3 53.9 54.1 13.1 0.0 3.0 17.8
00:25-00:30 48.3 38.7 53.9 55.0 6.7 1.0 3.0 18.3
00:30-00:35 535 40.2 53.9 56.7 3.2 3.0 3.0 16.5
00:35-00:40 41.0 38.8 53.9 54.1 13.1 0.0 3.0 18.3
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LHEISUNIUDINIATINIS MISLELADES1Y 2INNINTIUNITHAIZAA
USalsussuguuuseniiaansiusen (nsalldfansiiunenuides) (de)

daea1 | deuade GIE S2AU | STAU | wWasdw | 6 fausu | AszauEes

14qlue | fugu | e Fos | dswiu | USU | wiades | sunaulu
M5 | 21075 | 3N 57U #@ee | amA | na1shu S30%

757990 | m9233n” | Aanssy anfiums
00:40-00:45 40.2 38.3 53.9 54.1 13.9 0.0 3.0 .18.8
00:45-00:50 42.4 38.5 53.9 54.2 11.8 0.5 3.0 18.2
00:50-00:55 40.6 38.9 53.9 54.1 13.5 0.0 3.0 18.2
00:55-01:00 41.1 37.6 53.9 54.1 13.0 0.0 3.0 19.5
01:00-01:05 435 375 53.9 543 10.8 0.5 3.0 19.3
01:05-01:10 40.9 37.0 53.9 54.1 13.2 0.0 3.0 20.1
01:10-01:15 37.5 36.7 53.9 54.0 16.5 0.0 3.0 20.3
01:15-01:20 38.5 37.1 53.9 54.0 15.5 0.0 3.0 19.9
01:20-01:25 525 37.6 53.9 56.3 3.8 2.0 3.0 19.7
01:25-01:30 329.9 38.0 53.9 54.1 14.2 0.0 3.0 19.1
01:30-01:35 41.0 39.0 539 54.1 13.1 0.0 3.0 18.1
01:35-01:40 40.3 38.2 53.9 54.1 13.8 0.0 3.0 18.9
01:40-01:45 40.7 38.9 53.9 54.1 13.4 0.0 3.0 18.2
01:45-01:50 55.3 39.0 53.9 57.7 2.4 4.5 3.0 17.2
01:50-01:55 41.3 38.6 53.9 54.1 12.8 0.0 3.0 18.5
01:55-02:00 42.8 39.4 53.9 54.2 114 0.5 3.0 17.3
02:00-02:05 46.0 38.6 53.9 54.6 8.6 0.5 3.0 18.5
02:05-02:10 44.0 38.9 53.9 54.3 10.3 0.5 3.0 17.9
02:10-02:15 45.2 394 53.9 54.4 9.2 0.5 3.0 17.5
02:15-02:20 42.4 37.8 53.9 54.2 11.8 0.5 3.0 18.9
02:20-02:25 48.0 38.7 539 54.9 6.9 1.0 3.0 18.2
02:25-02:30 47.5 37.7 53.9 54.8 7.3 1.0 3.0 19.1
02:30-02:35 40.0 37.8 53.9 54.1 14.1 0.0 3.0 19.3
02:35-02:40 38.2 36.9 539 54.0 15.8 0.0 3.0 20.1
02:40-02:45 40.8 377 53.9 54.1 133 0.0 3.0 194
02:45-02:50 44.0 37.7 53.9 54.3 10.3 0.5 3.0 19.1
02:50-02:55 39.7 38.1 53.9 54.1 14.4 0.0 3.0 19.0
02:55-03:00 39.1 37.3 53.9 54.0 14.9 0.0 3.0 19.7
03:00-03:05 41.1 38.4 53.9 54.1 13.0 0.0 3.0 18.7
03:05-03:10 41.0 36.5 53.9 54.1 13.1 0.0 3.0 20.6
03:10-03:15 41.3 36.6 53.9 54.1 12.8 0.0 3.0 20.5
03:15-03:20 39.0 37.2 53.9 54.0 15.0 0.0 3.0 19.8
03:20-03:25 44.1 36.9 53.9 543 10.2 0.5 3.0 19.9
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LHETUNIUIINTIATINAS MUSLELADES1Y 2INNINTTUNITEANZADA

USalsaleugauuIendiatansiusen (nsallsifnnsiunanugdes) (de)

daa1 | 1deaade BN sEAU | s¥Au | made | 6 fAUsu | ArszRuded

1d7le | Augu | des | Bes | dsedu | USU | dudes | sunauly
MN1S | 3NS5 | 3n 571 Woe | anAl | nansAu s383

a57990" | 572390 | Ranssu auduns
03:25-03:30 38.4 36.8 53.9 54.0 15.6 0.0 3.0 20.2
03:30-03:35 38.2 36.5 53.9 54.0 15.8 0.0 3.0 20.5
03:35-03:40 40.8 38.3 539 54.1 133 0.0 3.0 18.8
03:40-02:45 41.7 38.7 53.9 54.2 12.5 0.0 3.0 18.5
03:45-03:50 48.9 38.4 53.9 55.1 6.2 1.5 3.0 18.2
03:50-03:55 38.9 36.6 53.9 54.0 15.1 0.0 3.0 204
03:55-04:00 40.4 36.0 53.9 54.1 13.7 0.0 3.0 211
04:00-04:05 38.8 36.1 539 54.0 15.2 0.0 3.0 20.9
04:05-04:10 39.0 36.7 53.9 54.0 150 0.0 3.0 20.3
04:10-04:15 40.1 36.7 53.9 54.1 14.0 0.0 3.0 20.4
04:15-04:20 40.2 37.1 53.9 54.1 139 0.0 3.0 20.0
04:20-04:25 38.5 36.5 53.9 54.0 15.5 0.0 3.0 20.5
04:25-04:30 41.6 37.6 539 54.1 12.5 0.0 3.0 19.5
04:30-04:35 44.1 37.8 53.9 54.3 10.2 0.5 3.0 19.0
04:35-04:40 455 38.6 539 54.5 9.0 0.5 3.0 18.4
04:40-04:45 47.8 38.1 53.9 54.9 7.1 1.0 3.0 18.8
04.:45-04:50 40.2 35.7 53.9 54.1 13.9 0.0 3.0 214
04:50-04:55 40.6 38.0 53.9 54.1 13.5 0.0 3.0 19.1
04:55-05:00 39.7 36.3 53.9 54.1 14.4 0.0 3.0 20.8
05:00-05:05 44.5 39.1 53.9 54.4 9.9 0.5 3.0 17.8
05:05-05:10 40.6 377 53.9 54.1 13.5 0.0 3.0 19.4
05:10-05:15 48.8 41.2 53.9 551 6.3 1.5 3.0 154
05:15-05:20 47.3 41.7 53.9 54.8 7.5 0.0 3.0 16.1
05:20-05:25 44.8 39.2 53.9 54.4 9.6 0.5 3.0 17.7
05:25-05:30 46.9 399 53.9 54.7 7.8 0.5 3.0 17.3
05:30-05:35 49.8 39.7 53.9 553 55 1.5 3.0 17.1
05:35-05:40 44.1 40.8 53.9 54.3 10.2 0.5 3.0 16.0
05:40-05:45 44.2 384 53.9 54.3 10.1 0.5 3.0 18.4
05:45-05:50 43.6 40.4 53.9 54.3 10.7 0.5 3.0 16.4
05:50-05:55 44.9 40.5 539 54.4 9.5 0.5 3.0 16.4
05:55-06:00 47.4 41.9 53.9 54.8 7.4 1.0 3.0 14.9
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Heesuniuannlasinisluszeznaadne 91nfanssunsianzaen
Usnalsuisuguvuuseniinanziusen (nsalldfansiuneanuides) (de)

4331781 Feaade GEN S2AU | AU | Wadle | 6 falsu | ArszAuLdes
14alus | dugw | e Foe | Aszdu | URu | diades | sunalu
M5 | S | N ikl Wee | andA1 | nansAu H3ES
A52970 Y | m57330Y | Aanssu afiunis
Fufi 23 Surau 2559
LIAINANNTY
6:00 - 7:00 50.0 453 53.9 554 5.4 1.5 - 8.6
7:00 - 8:00 62.8 55.1 53.9 63.3 0.5 7.0 - 1.2
8:00 - 9:00 59.2 50.7 53.9 60.3 1.1 7.0 - 2.6
9:00 - 10:00 62.9 583 53.9 63.4 05 | 7.0 - Tadsun?
10:00-11:00 58.2 52.3 53.9 59.6 1.4 7.0 - 0.3
11:00-12:00 62.0 55.0 53.9 62.6 0.6 7.0 - 0.6
12:00-13:00 | 611 55.4 53.9 61.9 08 | 7.0 - laisumu®
13:00-14:00 58.8 54.8 53.9 60.0 12 | 70 - Tadsunau?
14:00-15:00 64.6 58.2 539 65.0 - 0.4 7.0 - Talsunau?
15:00-16:00 59.9 54.1 53.9 60.9 1.0 7.0 - lalsuniu?
16:00-17:00 55.2 49.5 53.9 57.6 2.4 0.0 - 8.1
17:00-18:00 531 48.4 53.9 56.5 34 0.0 - 8.1
18:00-19:00 51.4 47.3 53.9 55.8 a4 | 00 - 8.5
19:00-20:00 52.9 48.8 539 56.4 3.5 2.0 - 5.6
20:00-21:00 52.5 46.9 53.9 56.3 3.8 2.0 - 7.4
21:00-22:00 55.0 49.9 539 575 25 0.0 - 7.6
LIAINANNAY
22:00-22:05 53.7 48.3 53.9 56.8 3.1 3.0 3.0 8.5
22:05-22:10 55.1 51.0 53.9 57.6 2.5 0.0 3.0 9.6
22:10-22:15 54.2 50.8 53.9 57.1 2.9 3.0 3.0 6.3
22:15-22:20 535 51.1 53.9 56.7 32 3.0 3.0 5.6
22:20-22:25 54.2 50.2 53.9 57.1 2.9 3.0 3.0 6.9
22:25-22:30 52.2 48.8 53.9 56.1 3.9 2.0 3.0 8.3
22:30-22:35 51.6 49.0 53.9 55.9 4.3 2.0 3.0 7.9
22:35-22:40 51.1 48.6 53.9 55.7 4.6 1.5 3.0 8.6
22:40-22:45 52.0 474 53.9 56.1 4.1 2.0 3.0 9.7
22:45-22:50 53.6 48.4 53.9 56.8 3.2 3.0 3.0 8.4
22:50-22:55 51.7 48.6 53.9 55.9 4.2 2.0 3.0 8.3 |
22:55-23:00 50.9 44.1 53.9 55.7 4.8 1.5 3.0 13.1
23:00-23:05 47.1 42.6 53.9 54.7 1.6 0.5 3.0 14.6
23:05-23:10 47.6 40.0 53.9 54.8 7.2 1.0 3.0 16.8
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Heesunauanlasinisluszeznaadie annfanssunisianzaesn
USalsussuguuusEniiniansiueen (nsallifansniunenuides) (da)

da9981 | 1Houade GEN S2AU | SIAU | wNade | 6 fUTu | AszAuLEeS
14alus | fugw | dee | des | disedu | USu | dades | sunaulu
MAT | N5 | 3N 572 Wee | aeAl | nansAu 5303
n51990” | ms29a” | Ranssu aufunis
23:10-23:15 50.1 459 53.9 554 5.3 1.5 3.0 11.0
23:15-23:20 50.6 48.0 53.9 55.6 5.0 1.5 3.0 9.1
23:20-23:25 49.7 47.5 53.9 553 5.6 1.5 3.0 9.3
23:25-22:30 50.3 46.5 53.9 555 5.2 1.5 3.0 10.5
23:30-23:35 453 41.4 53.9 54.5 9.2 0.5 3.0 15.6
23:35-23:40 43.8 40.7 53.9 543 10.5 0.5 3.0 16.1
23:40-23:45 47.2 41.0 53.9 547 7.5 0.5 3.0 16.2
23:45-23:50 438 40.6 53.9 54.3 10.5 0.5 3.0 16.2
23:50-23:55 435 39.6 539 543 10.8 0.5 3.0 17.2
23:55-24:00 45.0 394 53.9 54.4 9.4 0.5 3.0 17.5
00:00-00:05 453 41.7 539 54.5 9.2 0.5 3.0 153
00:05-00:10 52.2 42.4 53.9 56.1 3.9 2.0 3.0 14.7
00:10-00:15 47.6 44.4 53.9 54.8 7.2 1.0 3.0 124
00:15-00:20 47.2 43.0 539 54.7 7.5 0.5 3.0 14.2
00:20-00:25 44.6 41.6 53.9 54.4 9.8 0.5 3.0 15.3
00:25-00:30 42.7 38.6 53.9 54.2 11.5 0.5 3.0 18.1
00:30-00:35 45.0 41.0 53.9 54.4 9.4 0.5 3.0 15.9
00:35-00:40 45.0 42.2 539 54.4 9.4 0.5 3.0 14.7
00:40-00:45 435 40.5 53.9 54.3 10.8 0.5 3.0 16.3
00:45-00:50 452 42.4 53.9 54.4 9.2 0.5 3.0 14.5
00:50-00:55 452 41.7 53.9 54.4 9.2 0.5 3.0 15.2
00:55-01:00 45.8 39.8 53.9 54.5 8.7 0.5 3.0 17.2
01:00-01:05 47.1 38.7 53.9 54.7 7.6 0.5 3.0 18.5
01:05-01:10 433 38.1 53.9 543 11.0 0.5 3.0 18.7
01:10-01:15 39.7 38.4 53.9 54.1 144 0.0 3.0 18.7
01:15-01:20 41.2 38.0 539 54.1 12.9 0.0 3.0 19.1
01:20-01:25 39.9 37.6 53.9 54.1 14.2 0.0 3.0 19.5
01:25-01:30 435 38.1 53.9 54.3 10.8 0.5 3.0 18.7
01:30-01:35 41.8 38.5 53.9 54.2 12.4 0.5 3.0 18.2
01:35-01:40 457 379 53.9 54.5 8.8 0.5 3.0 19.1
01:40-01:45 43.1 38.3 53.9 54.2 11.1 0.5 3.0 18.4
01:45-01:50 40.5 38.5 53.9 54.1 13.6 0.0 3.0 18.6
01:50-01:55 44.8 393 539 54.4 9.6 0.5 3.0 17.6
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WHeesUNIUNNIASINIS IUSEELNaES19 91NA9NTIUNISANZA0A
Usalsaseuguyuuseniinianziusen (nsdllaifnnsiiunanudes) (se)

daan | deuads e S3fU | 53AU | Wad1e | 67 faUsu | ArszAuLdes

1dlue | Augw | des | des | s | USu | dsdes | sunaulu
M5 | 9IS | 3N 59U #oe | anA1 | naneAu 520y

a57990" | n32930Y | Aanssu aufiunms
01:55-02:00 42.5 395 539 54.2 11.7 0.5 3.0 17.2
02:00-02:05 41.2 39.3 53.9 54.1 12.9 0.0 3.0 17.8
02:05-02:10 41.5 38.4 53.9 54.1 12,6 0.0 3.0 18.7
02:10-02:15 40.8 38.2 539 54.1 133 0.0 2.0 18.9
02:15-02:20 423 39.8 53.9 54.2 11.9 0.5 3.0 16.9
02:20-02:25 43.0 41.0 53.9 54.2 11.2 0.5 3.0 157
02:25-02:30 50.2 38.5 53.9 55.4 5.2 1.5 3.0 18.4
02:30-02:35 44.0 39.8 53.9 543 10.3 0.5 3.0 17.0
02:35-02:40 41.3 39.3 53.9 54.1 12.8 0.0 3.0 17.8
02:40-02:45 43.1 40.3 53.9 54.2 11.1 0.5 3.0 16.4
02:45-02:50 43.4 41.4 53.9 54.3 10.9 0.5 3.0 154
02:50-02:55 44.0 41.0 53.9 54.3 10.3 0.5 3.0 15.8
02:55-03:00 43.4 38.8 53.9 54.3 10.9 0.5 3.0 18.0
03:00-03:05 417 39.6 53.9 54.2 12.5 0.0 2.0 17.6
03:05-03:10 40.4 37.8 539 54.1 13.7 0.0 3.0 19.3
03:10-03:15 413 37.7 53.9 54.1 12.8 0.0 3.0 19.4
03:15-03:20 40.1 38.2 53.9 54.1 14.0 0.0 3.0 18.9
03:20-03:25 40.7 38.6 53.9 54.1 134 0.0 3.0 18.5
03:25-03:30 394 37.4 53.9 54.1 14.7 0.0 3.0 19.7
03:30-03:35 41.2 37.8 53.9 54.1 12.9 0.0 3.0 19.3
03:35-03:40 41.8 39.6 53.9 54.2 12.4 0.5 3.0 17.1
03:40-03:45 42.1 39.2 53.9 54.2 12.1 0.5 3.0 175
03:45-03:50 41.5 38.7 53.9 54.1 12.6 0.0 3.0 18.4
03:50-03:55 42.9 38.3 53.9 54.2 11.3 0.5 3.0 18.4
03:55-04:00 40.9 38.7 53.9 54.1 13.2 0.0 3.0 18.4
04:00-04:05 433 38.3 539 54.3 11.0 0.5 3.0 18.5
04:05-04:10 41.9 37.8 539 54.2 12.3 0.5 3.0 18.9
04.10-04:15 47.0 40.1 53.9 54.7 7.7 0.5 3.0 17.1
04:15-04:20 42.8 40.3 539 54.2 114 0.5 3.0 16.4
04:20-04:25 42.4 39.2 53.9 54.2 11.8 0.5 3.0 17.5
04:25-04:30 41.8 38.8 53.9 54.2 12.4 0.5 3.0 17.9
04.:30-04:35 435 38.4 539 54.3 10.8 0.5 3.0 18.4
04:35-04:40 41.4 39.1 539 54.1 12.7 0.0 3.0 18.0
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LWHENSUNIUINTIASINIS USLELNDES19 RINNANTIUNITIANZADA
usalsaseuguyuusEniiaansiusen (nsalldfansiunenuides) (de)

L PNOTY Feoaabe WiE eV | 3OV | wadwe | @ fausu | ArszAuLdes
147lue | Augw | e @Fos | dseiu | USu | wides | sunaly
MM | 35 | 90 571 Hee | andl | nansAu SBY
as7990” | ms2ada” | Aanssu adung
04:40-04:45 42.9 39.7 53.9 54.2 11.3 0.5 3.0 17.0
04:45-04:50 41.6 38.4 53.9 54.1 125 0.0 3.0 18.7
04:50-04:55 455 41.6 53.9 54.5 9.0 0.5 3.0 154
04:55-05:00 42.3 38.7 53.9 54.2 11.9 0.5 3.0 18.0
05:00-05:05 43.0 40.3 53.9 54.2 11.2 0.5 3.0 16.4
05:05-05:10 46.5 40.7 53.9 54.6 8.1 0.5 3.0 16.4
05:10-05:15 46.5 42.8 53.9 54.6 8.1 0.5 3.0 143
05:15-05:20 50.6 44.8 53.9 55.6 5.0 1.5 3.0 12.3
05:20-05:25 48.7 43.8 53.9 55.0 6.3 1.5 3.0 12.7
05:25-05:30 439 41.3 53.9 54.3 104 0.5 3.0 155
05:30-05:35 50.1 415 53.9 55.4 53 1.5 3.0 154
05:35-05:40 50.8 42.9 53.9 55.6 4.8 1.5 3.0 14.2
05:40-05:45 45.8 42.0 53.9 54.5 8.7 0.5 3.0 15.0
05:45-05:50 452 41.4 53.9 54.4 9.2 0.5 3.0 155
05:50-05:55 47.2 43.2 53.9 54.7 7.5 0.5 3.0 14.0
05:55-06:00 45.7 42.8 53.9 54.5 8.8 0.5 3.0 14.2
Fudi 24 Fureu 2559
LAINANTY
6:00 - 7:00 48.8 443 53.9 551 6.3 1.5 - 9.3
7:00 - 8:00 52.7 459 539 56.4 3.7 2.0 - 8.5
8:00 - 9:00 51.8 453 539 56.0 4.2 2.0 - 8.7
9:00 - 10:00 51.7 45.4 53.9 55.9 4.2 2.0 - 8.5
10:00-11:00 513 458 53.9 55.8 4.5 1.5 - 8.5
11:00-12:00 64.5 51.0 53.9 64.9 04 7.0 - 6.9
12:00-13:00 52.7 42.3 53.9 56.4 3.7 2.0 - 12.1
13:00-14:00 48.4 41.1 53.9 55.0 6.6 1.0 - 12.9
14:00-15:00 48.6 41.0 53.9 55.0 6.4 0.0 - 14.0
15:00-16:00 49.4 41.8 53.9 55.2 58 1.5 - 11.9
16:00-17:00 50.0 44.2 53.9 554 5.4 1.5 - 9.7
17:00-18:00 54.2 46.7 539 57.1 2.9 3.0 - 74
18:00-19:00 51.2 47.2 53.9 55.8 4.6 1.5 - 7.1
19:00-20:00 50.5 475 53.9 555 5.0 1.5 - 6.5
20:00-21:00 ar9 44.6 539 54.9 7.0 1.0 - 9.3
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A15199 2

WHETUNIUINTIATINIS MUSLELNDESY 2INNINTTUNTTHIIZA0N
USnalsassuguuuusEndiaansiuean (nsalliifnnsiiunenuides) (de)

4291781 Hoaade IR S2AU | AU | wWadwe | 6 falsu | ArszAuLEes

14lus | Wugw | e Foe | Avszdu | USu | Wiaides | sunalu
MMs | 1ms | et e | apAl | nansAu S30z

757970 | m92990" | Aanssu anliuns
21:00-22:00 48.2 40.5 53.9 54.9 6.7 1.0 - 13.4

IAINATAY

22:00-22:05 43.4 40.7 53.9 54.3 10.9 0.5 3.0 16.1
22:05-22:10 46.4 41.7 53.9 54.6 8.2 0.5 3.0 154
22:10-22:15 437 41.0 53.9 54.3 10.6 0.5 3.0 15.8
22:15-22:20 52.2 41.8 53.9 56.1 3.9 2.0 3.0 153
22:20-22:25 475 38.8 53.9 54.8 7.3 1.0 3.0 18.0
22:25-22:30 433 38.0 53.9 543 11.0 0.5 3.0 18.8
22:30-22:35 451 39.1 53.9 54.4 9.3 0.5 3.0 17.8
22:35-22:40 424 38.9 53.9 54.2 11.8 0.5 3.0 17.8
22:40-22:45 454 38.5 53.9 54.5 9.1 0.5 3.0 18.5
22:45-22:50 43.3 37.8 53.9 54.3 11.0 0.5 3.0 19.0
22:50-22:55 459 39.3 539 54.5 8.6 0.5 3.0 17.7
22:55-23:00 41.2 38.2 53.9 54.1 12.9 0.0 3.0 18.9
23:00-23:05 452 39.7 53.9 544 9.2 0.5 3.0 17.2
23:05-23:10 42.5 38.6 53.9 54.2 11.7 0.5 3.0 18.1
23:10-23:15 44,2 40.1 53.9 54.3 10.1 0.5 3.0 16.7
23:15-23:20 432 40.2 53.9 54.3 11.1 0.5 3.0 16.6
23:20-23:25 42.6 40.2 53.9 54.2 11.6 0.5 3.0 16.5
23:25-23:30 415 39.8 539 54.1 12.6 0.0 3.0 17.3
23:30-23:35 44.1 40.1 539 54.3 10.2 0.5 3.0 16.7
23:35-23:40 414 38.8 53.9 54.1 12.7 0.0 3.0 18.3
23:40-23:45 45.4 40.2 53.9 54.5 9.1 0.5 3.0 16.8
23:45-23:50 41.3 38.6 539 54.1 12.8 0.0 3.0 18.5
23:50-23:55 42.1 38.2 53.9 54.2 12.1 0.5 3.0 18.5
23:55-24:00 451 40.7 53.9 54.4 9.3 0.5 3.0 16.2
00:00-00:05 44.1 40.6 53.9 54.3 10.2 0.5 3.0 16.2
00:05-00:10 439 39.4 53.9 54.3 10.4 0.5 3.0 174
00:10-00:15 44.0 39.2 539 54.3 10.3 0.5 3.0 17.6
00:15-00:20 41.3 38.0 53.9 54.1 12.8 0.0 3.0 19.1
00:20-00:25 41.0 37.5 539 54.1 13.1 0.0 3.0 19.6
00:25-00:30 40.6 38.1 539 54.1 13.5 0.0 3.0 19.0
00:30-00:35 42.8 38.9 53.9 54.2 11.4 0.5 3.0 17.8
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A1519% 2

LHU9sUNIUAINTATINS IUSLELNBE519 210AANTTUNISLINZADA
usalsassuguuusEniinansiueen (nsallidfaneniunsnuides) (de)

daaaan | \deuade LN s¥fiu | SEAU | wWade | 6 fausu | Arszaudes

19l | fwgw | e | Fes | disedu | USu | ades | sunaulu
M5 | 31013 | M 591 Hee | and1 | nansAu e

732330 | n3293a” | Aanssu aniunis
00:35-00:40 40.7 38.4 53.9 54.1 134 0.0 3.0 18.7
00:40-00:45 44.2 40.9 53.9 54.3 10.1 0.5 3.0 159
00:45-00:50 453 393 53.9 54.5 9.2 05 3.0 17.7
00:50-00:55 41.9 39.3 539 54.2 12.3 0.5 3.0 17.4
00:55-01:00 48.1 39.1 539 54.9 6.8 1.0 3.0 17.8
01:00-01:05 50.0 40.3 53.9 554 5.4 1.5 3.0 16.6
01:05-01:10 48.1 40.0 53.9 54.9 6.8 1.0 3.0 16.9
01:10-01:15 45.1 38.4 539 544 9.3 0.5 3.0 18.5
01:15-01:20 46.7 317 539 54.7 8.0 0.5 3.0 19.5
01:20-01:25 38.8 37.2 53.9 54.0 15.2 0.0 3.0 19.8
01:25-01:30 44.5 40.8 53.9 54.4 9.9 0.5 3.0 16.1
01:30-01:35 44.2 42.3 539 54.3 10.1 0.5 3.0 14.5
01:35-01:40 441 413 53.9 54.3 10.2 0.5 3.0 155
01:40-01:45 44.1 41.1 53.9 54.3 10.2 0.5 3.0 157
01:45-01:50 44.4 41.7 53.9 54.4 10.0 05 3.0 15.2
01:50-01:55 44.6 41.1 53.9 54.4 9.8 0.5 3.0 158
01:55-02:00 44.7 41.7 53.9 54.4 9.7 0.5 3.0 15.2
02:00-02:05 51.4 42.0 53.9 55.8 4.4 0.0 3.0 16.8
02:05-02:10 44.5 41.8 53.9 544 9.9 0.5 3.0 151
02:10-02:15 46.2 41.2 53.9 54.6 8.4 0.5 3.0 15.9
02:15-02:20 48.0 40.6 53.9 54.9 6.9 1.0 3.0 16.3
02:20-02:25 431 38.7 53.9 54.2 11.1 0.5 3.0 18.0
02:25-02:30 454 38.9 53.9 54.5 9.1 0.5 3.0 18.1
02:30-02:35 41.7 38.3 53.9 54.2 125 0.0 3.0 18.9
02:35-02:40 46.3 36.0 539 54.6 8.3 0.5 3.0 21.1
02:40-02:45 455 36.2 53.9 54.5 9.0 0.5 3.0 20.8
02:45-02:50 45.8 39.5 53.9 54.5 8.7 0.5 3.0 17.5
02:50-02:55 421 38.5 53.9 54.2 121 0.5 3.0 18.2
02:55-03:00 40.0 36.7 53.9 54.1 14.1 0.0 3.0 20.4
03:00-03:05 39.1 36.0 539 54.0 14.9 0.0 3.0 21.0
03:05-03:10 39.0 36.4 53.9 54.0 15.0 0.0 3.0 20.6
03:10-03:15 40.5 37.6 53.9 54.1 13.6 0.0 3.0 19.5
03:15-03:20 40.1 36.8 53.9 54.1 14.0 0.0 3.0 20.3
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A5197 2

LHE9sUNIUININTATINS IS LN DES19 91NNANTTUNISERIZaBA
UsalsuSsuguuuuseniiananziusen (nsalliifnnsiiunanudes) (da)

4391287 Heiade Ve S¥AU | SAU | wWase | 6 fausu | Arszaudes

19Ty | fugw | les | des | disedu | USu | diades | sunauly
215 | 3NS5 | AN 52 #ee | anAl | nansAu 5383

a57990” | 59330Y | Aanssu aunIg
03:20-03:25 46.6 36.8 53.9 54.6 8.0 0.5 3.0 203
03:25-03:30 40.0 36.7 53.9 54.1 14.1 0.0 3.0 20.4
03:30-03:35 38.6 357 53.9 54.0 15.4 0.0 3.0 213
03:35-03:40 40.4 359 53.9 54.1 13.7 0.0 3.0 21.2
03:40-03:45 42.4 35.6 53.9 54.2 11.8 0.5 3.0 21.1
03:45-03:50 39.1 36.2 53.9 54.0 14.9 0.0 3.0 20.8
03:50-03:55 41.9 36.8 53.9 54.2 12.3 0.5 3.0 19.9
03:55-04:00 40.3 375 53.9 54.1 13.8 0.0 3.0 19.6
04:00-04:05 44.6 38.2 53.9 54.4 9.8 0.5 3.0 18.7
04:05-04:10 40.3 36.9 53.9 54.1 13.8 0.0 3.0 20.2
04:10-04:15 39.7 36.8 53.9 54.1 14.4 0.0 3.0 20.3
04:15-04:20 44.3 35.8 53.9 54.4 10.1 0.5 3.0 21.1
04:20-04:25 42.3 36.8 53.9 54.2 11.9 0.5 3.0 19.9
04:25-04:30 39.8 35.8 53.9 54.1 14.3 0.0 3.0 213
04:30-04:35 42.8 374 53.9 54.2 114 0.5 3.0 19.3
04:35-04:40 41.8 37.8 53.9 54.2 12.4 0.5 3.0 18.9
04:40-04:45 43.1 39.2 53.9 54.2 11.1 0.5 3.0 17.5
04:45-04:50 42.9 38.9 539 54.2 11.3 0.5 3.0 17.8
04:50-04:55 42.7 39.1 53.9 54.2 11.5 0.5 3.0 17.6
04:55-05:00 432 40.8 53.9 54.3 11.1 0.5 3.0 16.0
05:00-05:05 44.7 39.6 53.9 54.4 9.7 0.5 3.0 17.3
05:05-05:10 47.8 41.0 53.9 54.9 1.1 1.0 3.0 15.9
05:10-05:15 44.4 393 53.9 54.4 10.0 0.5 3.0 17.6
05:15-05:20 44.1 38.8 53.9 54.3 10.2 0.5 3.0 18.0
05:20-05:25 43.1 38.9 53.9 54.2 11.1 0.5 3.0 17.8
05:25-05:30 439 394 53.9 54.3 10.4 0.5 3.0 174
05:30-05:35 42.5 38.8 53.9 54.2 11.7 0.5 3.0 17.9
05:35-05:40 42.5 39.2 53.9 54.2 11.7 0.5 3.0 17.5
05:40-05:45 43.9 41.1 53.9 54.3 10.4 0.5 3.0 15.7
05:45-05:50 453 41.0 53.9 54.5 9.2 0.5 3.0 16.0
05:50-05:55 44.9 41.4 53.9 54.4 9.5 0.5 3.0 15.5
05:55-06:00 46.2 42.3 53.9 54.6 8.4 0.5 3.0 14.8
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A1519% 2

LHe9TUNIURINIASINIT IUSLELN0E519 91nNaNTSUNI5LRNZa0R
uSalssSsuguruusEniiniansiueen (nsallifaseniunanudes) (da)

4291781 Heaade Ve AU | SAU | wWase | 6 falsu | AszAuLes
1dalue | fugw | e | Bes | dsedu | Ufu | ades | sunaulu
MA15 | 9105 | 3N 37 Fee | apd | nansdu 5303
a57990" | a5733n" | Ranssu adunis
Fufi 25 Fuaau 2559
LIAINANTY
6:00 - 7:00 53.6 44.3 53.9 56.8 3.2 3.0 - 9.5
7:00 - 8:00 50.8 455 53.9 55.6 4.8 1.5 - 8.6
8:00 - 9:00 49.3 42.8 53.9 55.2 5.9 1.5 - 10.9
9:00 - 10:00 49.5 42.8 53.9 55.2 5.7 1.5 - 10.9
10:00-11:00 48.9 43.0 53.9 55.1 6.2 1.5 - 10.6
11:00-12:00 47.6 42.0 53.9 54.8 7.2 1.0 - 11.8
12:00-13:00 49.2 41.9 53.9 55.2 6.0 1.5 - 11.8
13:00-14:00 46.1 40.2 53.9 54.6 8.5 0.5 - 13.9
14:00-15:00 46.8 40.3 53.9 54.7 7.9 0.5 - 13.9
15:00-16:00 47.3 40.2 53.9 54.8 7.5 0.0 - 14.6
16:00-17:00 48.9 41.6 53.9 551 6.2 1.5 - 12.0
17:00-18:00 534 451 53.9 56.7 3.3 3.0 - 8.6
18:00-19:00 50.5 46.5 53.9 555 5.0 1.5 - 75
19:00-20:00 48.6 459 539 55.0 6.4 0.0 - 9.1
20:00-21:00 46.6 43.4 53.9 54.6 8.0 0.5 - 10.7
21:00-22:00 45.0 41.1 53.9 54.4 9.4 0.5 - 12.8
LAINAISAY
22:00-22:05 46.9 40.9 53.9 54.7 7.8 0.5 3.0 16.3
22:05-22:10 44.4 40.2 53.9 544 10.0 0.5 3.0 16.7
22:10-22:15 437 40.7 539 54.3 10.6 0.5 3.0 16.1
22:15-22:20 45.0 41.6 53.9 544 9.4 0.5 3.0 15.3
22:20-22:25 44.9 40.7 539 54.4 9.5 0.5 3.0 16.2
22:25-22:30 az2.7 399 53.9 54.2 11.5 0.5 3.0 16.8
22:30-22:35 42.4 39.0 53.9 54.2 11.8 0.5 3.0 17.7
22:35-22:40 43.4 39.8 53.9 54.3 10.9 0.5 3.0 17.0
22:40-22:45 45.8 40.9 53.9 54.5 8.7 0.5 3.0 16.1
22:45-22:50 439 39.7 53.9 54.3 104 0.5 3.0 17.1
22:50-22:55 44.1 39.9 53.9 54.3 10.2 0.5 3.0 16.9
22:55-23:00 42.8 39.0 53.9 54.2 11.4 0.5 3.0 17.7
23:00-23:05 441 40.7 53.9 54.3 10.2 0.5 3.0 16.1
23:05-23:10 43.1 39.8 53.9 54.2 11.1 0.5 3.0 16.9
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AI5199 2

LHE9SUNIURINTIATINIS lUSZe2NDE519 2INNANTIUNISLAIZABA

Sl sueuguyuusendiaansdusen (nsdlliifnnsiuneanuides) (de)

PN LY Heouade LI STAU | SRV | wWasdw | 6 fausu | ArszAuLEes

190l | fugou | s | e | dwsedu | USu | duides | sunoulu
M5 | 95 | 3N 594 dee | anAl | nansAu 5303

a57990” | f157930"Y | Ranssu : andums
23:10-23:15 432 40.4 53.9 54.3 11.1 0.5 3.0 16.4
23:15-23:20 42.5 39.6 53.9 54.2 11.7 0.5 3.0 171
23:20-23:25 42.6 38.6 53.9 54.2 11.6 0.5 3.0 18.1
23:25-23:30 436 40.1 53.9 543 10.7 0.5 3.0 16.7
23:30-23:35 43.0 39.4 53.9 54.2 11.2 0.5 3.0 17.3
23:35-23:40 436 39.5 53.9 54.3 10.7 0.5 3.0 17.3
23:40-23:45 42.9 38.9 53.9 54.2 11.3 0.5 3.0 17.8
23:45-23:50 414 38.0 53.9 54.1 12.7 0.0 3.0 19.1
23:50-23:55 41.9 37.7 53.9 54.2 12.3 0.5 3.0 19.0
23:55-24:00 39.3 36.8 53.9 54.0 147 0.0 3.0 20.2
00:00-00:05 42.0 37.3 53.9 54.2 12.2 0.5 3.0 19.4
00:05-00:10 44.8 37.3 53.9 54.4 9.6 0.5 3.0 19.6
00:10-00:15 417 37.8 53.9 54.2 12.5 0.0 3.0 19.4
00:15-00:20 41.8 37.5 53.9 54.2 124 0.5 3.0 19.2
00:20-00:25 41.0 38.7 53.9 54.1 13.1 0.0 3.0 18.4
00:25-00:30 42.3 39.0 53.9 54.2 11.9 0.5 3.0 17.7
00:30-00:35 40.9 38.0 53.9 54.1 13.2 0.0 3.0 191
00:35-00:40 437 38.7 53.9 54.3 10.6 0.5 3.0 18.1
00:40-00:45 39.9 37.6 53.9 54.1 14.2 0.0 3.0 19.5
00:45-00:50 41.3 37.7 53.9 54.1 12.8 0.0 3.0 194
00:50-00:55 40.5 374 53.9 54.1 13.6 0.0 3.0 19.7
00:55-01:00 41.1 37.5 53.9 54.1 13.0 0.0 3.0 19.6
01:00-01:05 39.8 37.0 53.9 541 143 0.0 3.0 20.1
01:05-01:10 42.8 38.6 53.9 54.2 11.4 0.5 3.0 18.1
01:10-01:15 42.1 39.1 53.9 54.2 121 0.5 3.0 17.6
01:15-01:20 40.0 36.7 53.9 54.1 14.1 0.0 3.0 20.4
01:20-01:25 39.6 37.0 53.9 54.1 14.5 0.0 3.0 20.1
01:25-01:30 40.8 37.0 539 54.1 13.3 0.0 3.0 20.1
01:30-01:35 42.1 37.1 539 54.2 12.1 0.5 3.0 19.6
01:35-01:40 40.5 38.0 53.9 54.1 13.6 0.0 3.0 19.1
01:40-01:45 41.0 37.6 53.9 54.1 13.1 0.0 3.0 19.5
01:45-01:50 414 37.9 53.9 54.1 12.7 0.0 3.0 19.2
01:50-01:55 40.5 37.4 53.9 54.1 13.6 0.0 3.0 19.7
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A5199 2

LHE9sUNIUINTATINT IUSLELNBES19 2INNANTSUN5HIZADA
Usalsassuguuuseninansiusen (nsalldfansiunenuides) (de)

42967287 Feouade L e S3AU | AU | Wade | 6 falsu | ArszauLEes
14l | fugw | e | Bes | dsedu | Uu | ades | sunaulu
MMS | 91015 | 3R 393 Wee | aedl | nansAu S3uE
a59990"7 | n929da” | Aanssu aiunIg
01:55-02:00 41.7 38.5 53.9 54.2 12.5 0.0 3.0 18.7
02:00-02:05 43.8 38.5 53.9 54.3 10.5 0.5 3.0 18.3
02:05-02:10 429 39.1 53.9 54.2 11.3 0.5 3.0 17.6
02:10-02:15 439 40.5 53.9 54.3 10.4 0.5 3.0 16.3
02:15-02:20 413 38.0 53.9 54.1 12.8 0.0 3.0 19.1
02:20-02:25 40.4 37.2 53.9 54.1 13.7 0.0 3.0 19.9
02:25-02:30 42.8 39.5 53.9 54.2 11.4 0.5 3.0 17.2
02:30-02:35 431 40.5 53.9 54.2 111 0.5 3.0 16.2
02:35-02:40 436 40.0 53.9 54.3 10.7 0.5 3.0 16.8
02:40-02:45 40.9 37.9 53.9 54.1 13.2 0.0 3.0 19.2
02:45-02:50 432 38.7 53.9 54.3 111 0.5 3.0 18.1
02:50-02:55 41.6 37.5 53.9 54.1 12.5 0.0 3.0 19.6
02:55-03:00 45.6 37.7 53.9 54.5 8.9 0.5 3.0 19.3
03:00-03:05 41.1 37.7 53.9 54.1 13.0 0.0 3.0 19.4
03:05-03:10 41.6 36.2 53.9 54.1 12.5 0.0 3.0 20.9
03:10-03:15 41.7 37.4 53.9 54.2 12.5 0.0 3.0 19.8
03:15-03:20 40.0 36.2 53.9 54.1 14.1 0.0 3.0 20.9
03:20-03:25 447 39.8 53.9 54.4 9.7 0.5 3.0 17.1
03:25-03:30 42.4 38.6 53.9 54.2 11.8 0.5 3.0 18.1
03:30-03:35 42.3 37.6 53.9 54.2 11.9 0.5 3.0 19.1°
03:35-03:40 40.5 37.0 53.9 54.1 13.6 0.0 3.0 20.1
03:40-03:45 43.1 38.2 53.9 54.2 11.1 0.5 3.0 18.5
03:45-03:50 457 40.6 53.9 54.5 8.8 0.5 3.0 16.4
03:50-03:55 42.3 38.0 53.9 54.2 11.9 0.5 3.0 18.7
03:55-04:00 44.1 38.2 53.9 54.3 10.2 0.5 3.0 18.6
04:00-04:05 43.8 37.8 53.9 543 10.5 0.5 3.0 19.0
04:05-04:10 421 37.2 53.9 54.2 12.1 0.5 3.0 19.5
04:10-04:15 41.6 36.1 53.9 54.1 12.5 0.0 3.0 21.0
04:15-04:20 435 39.7 53.9 54.3 10.8 0.5 3.0 17.1
04:20-04:25 437 40.7 53.9 543 10.6 0.5 3.0 16.1
04:25-04:30 431 394 53.9 54.2 11.1 0.5 3.0 17.3
04:30-04:35 457 40.4 53.9 54.5 8.8 0.5 3.0 16.6
04:35-04:40 42.2 39.1 53.9 54.2 12.0 0.5 3.0 17.6
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04:40-04:45 42.8 39.8 53.9 54.2 11.4 0.5 3.0 16.9
04:45-04:50 44.5 40.8 53.9 54.4 9.9 0.5 3.0 16.1
04:50-04:55 48.6 42.0 53.9 55.0 6.4 0.0 3.0 16.0
04:55-05:00 46.9 417 53.9 54.7 7.8 0.5 3.0 15.5
05:00-05:05 47.1 42.8 53.9 54.7 7.6 0.5 3.0 144
05:05-05:10 455 42.2 53.9 54.5 9.0 0.5 3.0 14.8
05:10-05:15 a6.7 43.9 53.9 54.7 8.0 0.5 3.0 133
05:15-05:20 a7.2 43.2 53.9 54.7 7.5 0.5 3.0 14.0
05:20-05:25 45.6 42.2 53.9 54.5 8.9 0.5 3.0 14.8
05:25-05:30 44.5 4a1.1 53.9 54.4 9.9 0.5 3.0 15.8
05:30-05:35 a4a.7 39.2 53.9 54.4 9.7 0.5 3.0 17.7
05:35-05:40 44.7 417 53.9 54.4 9.7 0.5 3.0 152
05:40-05:45 45.6 424 53.9 54.5 8.9 0.5 3.0 14.6
05:45-05:50 49.0 az2.7 53.9 55.1 6.1 1.5 3.0 13.9
05:50-05:55 46.1 429 53.9 54.6 8.5 0.5 3.0 14.2
05:55-06:00 46.9 40.9 53.9 54.7 7.8 0.5 3.0 16.3
Fuit 26 Fuaau 2559
namnaneiy
6:00 - 7:00 56.4 47.8 53.9 58.3 1.9 4.5 - 6.0
7:00 - 8:00 64.5 56.3 53.9 64.9 0.4 7.0 - 1.6
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M15799 1
\Weesunauanlasanislusseznoaiig
NAINTTUNTYAAUTIMMLT 2 yurudunseds (nsallaifaniuwenides)

429181 Foualie LR SEAU Sefu | wade | A2 A15EaAY
1dlue | Hugu | feen | les | dvegdu | US| dessunau
MNNTT MNNIT flanssy 934 L?‘iﬂ\‘i anAI 1‘1&5383
as99n” | asaadaY fodsne
Suft 21 Suanau 2559
8:00 - 9:00 56.2 51.0 51.6 575 13 7.0 | ladsun®
9:00 - 10:00 54.5 51.2 51.6 56.3 1.8 4.5 0.6
10:00-11:00 56.5 49.9 51.6 57.7 1.2 7.0 0.8
11:00-12:00 64.5 57.0 51.6 64.7 0.2 7.0 0.7
13:00-14:00 53.1 48.8 516 55.4 2.3 a5 2.1
14:00-15:00 64.6 55.0 51.6 64.8 0.2 7.0 2.8
15:00-16:00 59.2 554 51.6 59.9 0.7 7.0 | lusunw?
16:00-17:00 577 508 | 516 58.7 1.0 7.0 0.9
Suft 22 §urneu 2559
8:00 - 9:00 56.6 51.4 51.6 57.8 1.2 70 | lusunw?
9:00 - 10:00 55.2 50.2 51.6 56.8 1.6 a5 2.1
10:00-11:00 57.7 50.8 51.6 58.7 1.0 7.0 0.9
11:00-12:00 62.2 55.7 51.6 62.6 0.4 70 | ladsuniw®
13:00-14:00 65.1 55.4 51.6 65.3 0.2 7.0 2.9
14:00-15:00 66.0 59.3 51.6 66.2 0.2 70 | ldsunu?
15:00-16:00 64.1 55.4 51.6 64.3 0.2 7.0 1.9
16:00-17:00 58.5 49.1 51.6 59.3 0.8 7.0 3.2
Sufl 23 §uanay 2559
8:00 - 9:00 59.2 50.7 51.6 59.9 0.7 7.0 2.2
9:00-10:00 629 58.3 51.6 63.2 0.3 7.0 | lisumu?
10:00-11:00 58.2 52.3 51.6 59.1 0.9 70 | ldsunu?
11:00-12:00 62.0 55.0 51.6 62.4 0.4 7.0 0.4
13:00-14:00 58.8 54.8 51.6 59.6 0.8 70 | ldsunaw®
14:00-15:00 64.6 58.2 51.6 64.8 0.2 70 | lusunau?
15:00-16:00 59.9 54.1 51.6 60.5 0.6 70 | lasunu?
16:00-17:00 55.2 49.5 51.6 56.8 1.6 4.5 2.8
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Fuft 24 Surau 2559
8:00 - 9:00 51.8 453 51.6 54.7 2.9 3.0 6.4
9:00 - 10:00 51.7 454 51.6 54.7 3.0 3.0 6.3
10:00-11:00 51.3 45.8 51.6 54.5 3.2 3.0 57
11:00-12:00 64.5 51.0 51.6 64.7 0.2 7.0 6.7
12:00-14:00 48.4 41.1 51.6 533 a9 1.5 10.7
14:00-15:00 48.6 41.0 51.6 53.4 4.8 1.5 10.9
15:00-16:00 49.4 41.8 51.6 53.6 4.2 2.0 9.8
16:00-17:00 50.0 44.2 51.6 53.9 3.9 2.0 7.7
Fufi 25 §uanau 2559

8:00 - 9:00 49.3 42.8 51.6 53.6 a3 2.0 8.8
9:00 - 10:00 495 42.8 51.6 53.7 4.2 2.0 8.9
10:00-11:00 48.9 43.0 51.6 53.5 4.6 1.5 9.0
11:00-12:00 4a7.6 42.0 51.6 53.1 5.5 1.5 9.6
13:00-14:00 46.1 40.2 51.6 52.7 6.6 1.0 11.5
14:00-15:00 46.8 40.3 51.6 52.8 6.0 1.5 11.0
15:00-16:00 47.3 40.2 51.6 53.0 57 1.5 11.3
16:00-17:00 48.9 41.6 51.6 535 4.6 1.5 10.4
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poA
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31NAINTINNITAUBIAUSIAMEN 2 guruduvrseels (nsallifansdunenuides)

dranan | Eeuale RN 52U seAu | wWadne | fia | fausu A15eAY
tdalue | tugiu | deeen | des | Asedu | USu | e GEN
FINNIT IMNNTT ﬁﬂﬂi'ﬁil 33U k LE?N ae nawﬁu i‘Uﬂ’J‘iﬁ‘u
as794n” | AsaadnY A1 sEEy
gdunig
Fuft 21 §unnay 2559
LIANNAIU
8:00 - 9:00 56.2 51.0 37.9 56.3 0.1 7.0 - lusunau?
9:00 - 10:00 54.5 51.2 37.9 54.6 0.1 7.0 - luisunau?
10:00-11:00 56.5 49.9 37.9 56.6 0.1 7.0 - lusunau?
11:00-12:00 64.5 57.0 37.9 64.5 0.0 7.0 - 0.5
12:00-13:00 65.4 56.8 37.9 65.4 0.0 7.0 - 1.6
13:00-14:00 53.1 48.8 37.9 53.2 0.1 7.0 - lusumu?
14:00-15:00 64.6 55.0 37.9 64.6 0.0 7.0 - 2.6
15:00-16:00 59.2 55.4 37.9 59.2 0.0 7.0 - lusumu?
16:00-17:00 57.7 50.8 37.9 57.7 0.0 7.0 - luisuna?
17:00-18:00 57.5 49.9 37.9 57.5 0.0 7.0 - 0.6
18:00-19:00 50.9 44.6 37.9 51.1 0.2 7.0 - laisuniu®
19:00-20:00 49.5 44.5 37.9 49.8 0.3 7.0 - lusumu?
20:00-21:00 49.2 43.8 37.9 49.5 0.3 7.0 - lusuniu?
21:00-22:00 44.9 39.7 37.9 45.7 0.8 7.0 - lasuniu?
LIAINaSAY
22:00-22:05 45.6 41.0 37.9 46.3 0.7 7.0 3.0 1.3
22:05-22:10 42.8 39.5 37.9 44.0 12 7.0 3.0 0.5
22:10-22:15 42.9 39.6 379 4a.1 1.2 7.0 3.0 0.5
22:15-22:20 43.6 40.4 37.9 44.6 1.0 7.0 3.0 0.2
22:20-22:25 42.7 40.1 37.9 43.9 1.2 7.0 3.0 lasumiw?
22:25-22:30 455 40.9 37.9 46.2 0.7 7.0 3.0 1.3
22:30-22:35 42.1 39.6 37.9 435 1.4 7.0 3.0 luisunau?
22:35-22:40 429 39.6 37.9 44.1 1.2 7.0 3.0 0.5
22:40-22:45 41.6 38.7 37.9 43.1 1.5 45 3.0 2.9
22:45-22:50 424 39.1 37.9 437 1.3 7.0 3.0 0.6
22:50-22:55 40.6 38.9 37.9 42.5 1.9 45 3.0 2.1
22:55-23:00 45.6 38.2 37.9 46.3 0.7 7.0 3.0 4.1
23:00-23:05 46.4 38.5 37.9 47.0 0.6 7.0 3.0 4.5
23:05-23:10 45.6 39.1 37.9 6.3 0.7 7.0 3.0 3.2
23:10-23:15 41.9 39.1 37.9 a3.4 1.5 0.0 3.0 73
23:15-23:20 42.8 39.4 379 44.0 1.2 7.0 3.0 0.6
23:20-23:25 422 39.6 37.9 43.6 1.4 7.0 3.0 0.0
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as199n” | aada? | Aanssu ETIE]
gilunis
23:25-23:30 46.4 40.2 37.9 47.0 0.6 7.0 3.0 2.8
23:30-23:35 453 39.3 37.9 46.0 0.7 7.0 3.0 2.7
23:35-23:40 432 39.3 37.9 44.3 1.1 7.0 3.0 1.0
23:40-23:45 40.7 38.1 37.9 42.5 1.8 4.5 3.0 2.9
23:45-23:50 429 29.0 37.9 44.1 1.2 7.0 3.0 1.1
23:50-23:55 425 39.2 379 438 1.3 7.0 3.0 0.6
23:55-24:00 46.5 394 37.9 47.1 0.6 7.0 3.0 3.7
00:00-00:05 45.9 393 37.9 46.5 0.6 7.0 3.0 3.2
00:05-00:10 44.0 40.0 37.9 45.0 1.0 7.0 3.0 1.0
00:10-00:15 42.5 395 379 43.8 1.3 7.0 3.0 0.3
00:15-00:20 39.6 38.5 37.9 41.8 2.2 4.5 3.0 1.8
00:20-00:25 415 38.3 37.9 431 1.6 4.5 3.0 3.3
00:25-00:30 41.4 38.7 37.9 43.0 1.6 4.5 3.0 2.8
00:30-00:35 40.8 39.1 37.9 42.6 1.8 4.5 3.0 2.0
00:35-00:40 431 39.0 37.9 44.2 1.1 7.0 3.0 1.2
00:40-00:45 42.6 384 37.9 439 1.3 7.0 3.0 1.5
00:45-00:50 41.3 38.9 37.9 42.9 1.6 4.5 3.0 2.5
00:50-00:55 40.2 38.3 37.9 42.2 2.0 4.5 3.0 2.4
00:55-01:00 49.0 38.7 37.9 49.3 0.3 7.0 3.0 6.6
01:00-01:05 42.5 38.9 37.9 43.8 1.3 7.0 3.0 0.9
01:05-01:10 a4.2 39.1 37.9 45.1 0.9 7.0 3.0 2.0
01:10-01:15 42.2 38.6 37.9 436 14 7.0 3.0 1.0
01:15-01:20 42.3 39.0 37.9 43.6 1.3 7.0 3.0 0.6
01:20-01:25 49.2 39.9 379 49.5 0.3 7.0 3.0 5.6
01:25-01:30 395 38.6 37.9 41.8 2.3 4.5 3.0 1.7
01:30-01:35 414 38.3 37.9 43.0 1.6 4.5 3.0 3.2
01:35-01:40 451 394 37.9 459 0.8 7.0 3.0 2.5
01:40-01:45 42.6 28.6 37.9 439 1.3 7.0 3.0 1.3
01:45-01:50 50.7 395 37.9 50.9 0.2 7.0 3.0 7.4
01:50-01:55 41.7 39.1 37.9 432 1.5 4.5 3.0 2.6
01:55-02:00 40.6 38.1 37.9 42.5 1.9 4.5 3.0 2.9
02:00-02:05 41.7 38.2 37.9 43.2 1.5 4.5 3.0 3.5
02:05-02:10 40.0 38.4 37.9 42.1 2.1 4.5 3.0 2.2
02:10-02:15 55.6 39.8 37.9 557 0.1 7.0 3.0 11.9
02:15-02:20 39.6 37.4 379 41.8 2.2 4.5 3.0 2.9
02:20-02:25 40.1 37.8 37.9 42.1 2.0 4.5 3.0 2.8
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dasaan | euade GRN SEAU | TEAU NAA A7 firusu A15EAU
1dlus | fugnu Boe | Feesou | dsedu | Ufu | disndes RN
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aliunis
02:25-02:30 433 38.1 37.9 44.4 1.1 7.0 3.0 2.3
02:30-02:35 40.8 38.7 379 42.6 1.8 45 3.0 2.4
02:35-02:40 415 38.9 37.9 43.1 1.6 4.5 3.0 2.7
02:40-02:45 40.0 37.7 37.9 42.1 2.1 4.5 3.0 2.9
02:45-02:50 40.4 38.4 37.9 42.3 1.9 4.5 3.0 2.4
02:50-02:55 40.8 37.9 37.9 42.6 1.8 4.5 3.0 3.2
02:55-03:00 437 38.5 37.9 44.7 1.0 7.0 3.0 2.2
03:00-03:05 437 38.7 37.9 44.7 1.0 7.0 3.0 2.0
03:05-03:10 42.2 38.0 379 436 1.4 7.0 3.0 1.6
03:10-03:15 40.1 36.8 37.9 42.1 2.0 4.5 3.0 3.8
03:15-03:20 38.8 36.5 37.9 41.4 2.6 3.0 3.0 4.9
03:20-03:25 41.6 37.6 37.9 43.1 1.5 4.5 3.0 4.0
03:25-03:30 431 38.5 37.9 44.2 1.1 7.0 3.0 1.7
03:30-03:35 41.2 38.1 37.9 429 1.7 45 3.0 33
03:35-03:40 42.0 38.3 37.9 43.4 1.4 0.0 3.0 8.1
03:40-03:45 432 38.8 37.9 44.3 1.1 7.0 3.0 1.5

03:45-03:50 424 39.8 37.9 43.7 13 7.0 30 laisunau?
03:50-03:55 40.3 375 37.9 42.3 2.0 4.5 3.0 33
03:55-04:00 40.3 37.6 37.9 42.3 2.0 4.5 3.0 3.2
04:00-04:05 430 39.6 37.9 44.2 1.2 7.0 3.0 0.6
04:05-04:10 411 38.4 37.9 42.8 1.7 45 2.0 2.9
04:10-04:15 44.2 38.6 37.9 45.1 0.9 7.0 3.0 2.5
04:15-04:20 551 40.6 37.9 552 0.1 7.0 3.0 10.6
04:20-04:25 42.4 38.4 37.9 437 1.3 7.0 3.0 1.3
04:25-04:30 44.1 38.8 37.9 45.0 0.9 7.0 3.0 2.2
04:30-04:35 436 40.5 37.9 44.6 1.0 7.0 3.0 0.1

04:35-04:40 433 41.4 37.9 44.4 1.1 7.0 30 laisunau?
04:40-04:45 438 40.3 37.9 44.8 1.0 7.0 3.0 0.5

04:45-04:50 425 40.5 37.9 43.8 1.3 7.0 3.0 lalsunu?
04:50-04:55 46.6 40.0 37.9 47.1 0.5 7.0 3.0 3.1

04:55-05:00 44.4 415 37.9 453 0.9 7.0 30 laisunau?
05:00-05:05 46.4 41.3 37.9 47.0 0.6 7.0 3.0 1.7
05:05-05:10 44.7 41.2 37.9 455 0.8 7.0 3.0 0.3
05:10-05:15 48.2 42.5 37.9 48.6 0.4 . 7.0 3.0 2.1
05:15-05:20 45.8 42.1 37.9 46.5 0.7 7.0 3.0 0.4
05:20-05:25 47.3 42.0 37.9 47.8 0.5 7.0 3.0 1.8
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Faanan | Beuale GEN STAU sTAU NaRIg i firusu AN3ZAU
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andluns
05:25-05:30 43.6 39.1 37.9 44.6 1.0 7.0 3.0 15
05:30-05:35 46.3 40.6 37.9 46.9 0.6 7.0 3.0 2.3
05:35-05:40 45.9 42.4 37.9 46.5 0.6 7.0 3.0 0.1
05:40-05:45 453 42.8 37.9 46.0 0.7 7.0 3.0 luisumu?
05:45-05:50 a7.2 42.4 37.9 ar.7 0.5 7.0 3.0 13
05:50-05:55 473 44.1 37.9 47.8 0.5 7.0 3.0 laisunaw?
05:55-06:00 49.4 449 37.9 49.7 0.3 7.0 3.0 0.8
Sufi 22 §uanAy 2559
(IAINANeIU
6:00 - 7:00 51.1 46.6 37.9 513 0.2 7.0 - luisunu?
7:00 - 8:00 64.5 56.7 37.9 64.5 0.0 7.0 - 0.8
8:00 - 9:00 56.6 51.4 37.9 56.7 0.1 7.0 - lusuna?
9:00 - 10:00 55.2 50.2 37.9 553 0.1 7.0 - Talsunau?
10:00-11:00 57.7 50.8 37.9 57.7 0.0 7.0 - lasunau?
11:00-12:00 62.2 55.7 37.9 62.2 0.0 7.0 - lalsunau?
12:00-13:00 63.5 57.3 37.9 63.5 0.0 7.0 - Tusun?
13:00-14:00 65.1 55.4 37.9 65.1 0.0 7.0 - 2.7
14:00-15:00 66.0 59.3 37.9 66.0 0.0 7.0 - Tuisumu?
15:00-16:00 64.1 55.4 37.9 64.1 0.0 7.0 - 1.7
16:00-17:00 58.5 49.1 37.9 58.5 0.0 7.0 - 2.4
17:00-18:00 51.3 45.7 37.9 51.5 0.2 7.0 - lusunau?
18:00-19:00 48.1 439 37.9 48.5 0.4 7.0 - lusuna?
19:00-20:00 49.5 44.6 37.9 49.8 0.3 7.0 - lusumu?
20:00-21:00 50.2 44.2 37.9 50.4 0.2 7.0 - lusuniu?
21:00-22:00 51.2 42.5 37.9 51.4 0.2 7.0 - 1.9
RAINANSAY
22:00-22:05 45.5 40.9 37.9 6.2 0.7 7.0 3.0 13
22:05-22:10 44.5 41.0 37.9 45.4 0.9 7.0 3.0 0.4
22:10-22:15 46.8 40.8 37.9 47.3 0.5 7.0 3.0 25
22:15-22:20 44.8 39.6 37.9 45.6 0.8 7.0 3.0 2.0
22:20-22:25 435 39.5 37.9 aa.6 1.1 7.0 3.0 1.1
22:25-22:30 43.0 40.0 37.9 a4.2 12 7.0 3.0 0.2
22:30-22:35 42.2 40.1 37.9 43.6 1.4 7.0 3.0 laisumu?
22:35-22:40 42.6 39.3 37.9 43.9 13 7.0 3.0 0.6
22:40-22:45 46.6 40.9 37.9 a7.1 0.5 7.0 3.0 2.2
22:05-22:50 429 39.9 37.9 44.1 12 7.0 3.0 0.2
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