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Meeting document

e Presentation

¢ Meeting Document

e Questionnaire on participants’ opinion

List of participants

e Provincial level

e Sub-district level

e Dok Krai fisheries resource management group

Opinion of participants from questionnaire

e  Provincial level

e  Sub-district level

Summary from the meeting

Example of requesting courtesy letter for posting summary from the

meeting
The regulation of Energy Regulatory Committee on power development fund
for develop or rehabilitate localities affected by power plant operation (B.E.
2553)
Opinion of participants visiting Kaeng Khoi 2 Power Plant at Saraburi Province
Second public participation

Example of invitation letter and requesting courtesy letter for posting

meeting schedule

Meeting document

e Presentation

e Booklet of project information

e Questionnaire on participants’ opinion

List of participants

e  Provincial level

e Sub-district level

e Dok Krai fisheries resource management group

Opinion of participants from questionnaire

e  Provincial level

e Sub-district level

e Dok Krai fisheries resource management group

Summary from the meeting

Example of requesting courtesy letter for posting summary from the

meeting
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APPENDIX 3A

PLOTS OF LAND WITH LEGAL LAND TITLE DEEDS
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APPENDIX 3B

LETTER NO. 8000052/35/2559 DATED 7" MARCH 2016
FROM PTT PLC. TO INFORM GULF PD CO.,LTD. OF THE
BRANCH POINT OF IPP POWER PLANT



usen dan. 91da (umzu)  PTT Public Company Limited

555 nuuamodsvaa iwovrqins ! 555 Vibhavadi Rangsit Rd., Chatuchak,
wavgins nsoinws 10900 . Bangkok 10900 THAILAND

InsAwn: +66 (0) 2537 2000 | Tel :+66 (0) 2537 2000

Insa1s : +66 (0) 2537 3498-9 | Fax :+66 (0) 2537 3498-9
www.pttplc.com www.pttplc.com
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APPENDIX 3C

CALCULATION SHEETS OF THE PROJECT’S NATURAL
GAS AND DIESEL OIL PIPELINE THICKNESS



GPD ~ fuel gas pipeline and fuel oil pipeline
Pipe thickness calculation

Fuel gas pipel
! Pipe Diameter | Pressure (barg) | Temperature (°C)
Pipe 1D Service Route tm - the mlmrpum ] )
no. (inch) Design Design required wall thickness pipe wall thickness
material (inch) pipe schedule {inch) ok/not
A NG Pipeline Twaannagmdmunumdutarinuhinesdiy (Gas Metering 18 50 50 A106 Gr.B
pe Station) TWiandasdadiy (Gas Compressor) 0.429 S80S 0.500 ok
S waentatavdnma (Gas Compressor) Wdsiauunidauuniang
B NG Pipefine viayne 12 6 ifsdoludigusasds 18 - 150 AL06 Gr.8 0513 540 0.562 oK
_ Meaanniauoniaioyia 18 s WdaetnsianiTina (Flow Meter)
C NG Pipeline PR P 12 60 150 A106 Gr.B 0.363 40 0.406 ok
. 198231 Flow Meter \adiving Fuel Gas Heater. uasafg iy
D NG Pipeline 12 60 360 A106 Gr.B
pe Mt . 0.397 540 0406 - ok
Fuel oil pipeline summary
Pipe ID cemice Route Pipe Diameter | Pressure (barg) Temperature (°C) tm - the minimum
no. (inch) Design Design required wall thickness pipe wall thickness
material {inch) pipe schedule (inch) ok/not
§ Taanmnduiumihhuaudaafasguaoniniu (Fuel Oil Transfer
3 |Fuel Ofl Pipeline Pump) 12 4 50 AL06 Gr.B 0.025 5405 0375 ok .
P Fmataegudetiulu (Fuel O Transfer Pump) Wdviauanitig
K |Fuel O Pipeline : fovumamsards 12 16 20 AL06 Gr-B 0,098 $408 0.375 ok
. Anntasguanihilu (Fuel O Transfer Pump) lfoaauamiing
L - |Puel Ol Pipeline i Houifasisan 10 16 50 AL05 Gr.B 0.083 5408 0:365] ok
. nantasguaoisiu (Fuel Oll Transfer Pump) Wdsgauomang
M [Fuel ON Pipeline Aot 8 16 S0 A106 Gr.B 0.067 5408 0.322] ok
- matasguaviniu (Fuel Off Transfer; Pump) Wdognuaniing
N |Fuel Oil Pipeline it 5 1 50 AL05 Gr.B 0.051 5408 0280 ok
A Fmelasguirniiiuaigfatuda (Main Fuel Off Pump) “lilde
o Fuel Oil Pipeline Soufal 5 120 50 A106 Gr.B 0.311 S80S 0.375 ok




A 18" NG Pipeline 1eaanatnanfimuquarindunasiahinasfiie (Gas Metering Station) Wdaiadasdndy (Gas Compressor)

|DETERMINE PIPE WALL THICKNESS (trm)
T design = 50]C 122|F
P design = 50|barg 725|psig
A, Corrosion Allowance Ofmm 0.0000]inch 106.1.2 Straight Pipe Under Internal Pressure — (16)
B831.1,2016 Seamiess, Longitudinal Welded, or Spiral Welded and
S (Allowable Stress) = 17.1]ksi |For A106-B, S = 17.1 ksi up to 650 deg F (ref, Table A-1, B31.1-2016) Operating Below the Creep Range
The minimam ¢
tm - the minimum required wall thickness, including manufactuer's tolerance (12.5%)}, for nominal wall thickness ordered pipe it pressusen
tm=PD/2/(S'E+Py)+A riy those for Hhe vaneus matorals
tme=t+A fe Stress Tables, ik
P - internal design gage pressure Y = d/d+D for all Ferritic steels at 950F © "
D - outside diamter of pipe i, . -
S - stress value for material from Table A-1 ST o
E or F - joint efficiency or casting quality factor, included in the value S, SE, SF in Table A-1
Y - coefficient from Table 104.1.2(A)
tincluding mfg
{olerance schedule wall pipe thickness
DN NPS D S E Di6 ¥ t A V(1-12.5%) im tm DN  NPS S408 S80S S40 §60 S$80
inch psi E D/6 y i inch inch inch mm inch inch inch inch inch
15 0.5 0.84 17100 104 0.4 0.0000 0.020 0.508 15 0.5 0.108 0.147 0.109 0.147
20 0.75 1.05 17100 1 018 04 0.0000 Q.025  0.635 20 0.75 0.113 0.154 0.113 0.154
25 1 1.315 17100 1 022 0.4 0.0000 0.031 798 25 1 0.133 0.179 0.133 0.179
40 15 1.8 17100 1022 0.4 0.0000 0.045 1150 40 1.5 0.145 0.200 0.145 0.200
50 2 2.375 17100 1 040 0.4 0.050 10000 0.067  1.437 50 2 0.154 0.218 0.154 0.218
65 25 2.875 17100 1 Q.48 0.4 a.060 0.0000 0068  0.068 1740 65 2.5 0.203 0.276 0.203 0.276
80 3 3.5 17100 1058 0.4 2.073 0.00060 0.083 0033 2.tte 80 3 0.216 0.300 0.216 0.300
100 4 4.5 17100 1 Q78 0.4 0.084 0.0000 0.107  0.107 2,723 100 4 0.237 0.337 0.237 0.281 0.337
150 6 6.625 17100 1 110 0.4 0.138 0,0000 0.168  4.009 150 6 0.280 0.432 0.280 0.432
200 8 8.625 17100 1 0.4 0,180 (.0000 0206 §219 200 8 0322 0.500 0322 0.406 0.500
250 10 10.75 17100 1 0.4 0.224 0.0000 0256 65505 250 10 0.365 0.500 0.365 0.500 0.593
300 12 12.75 17100 1 0.4 0.0000 0304 7715 300 12 0.375 0.500 0.406 0.562 0.687
350 14 14 17100 1 04 0.6000 0.334 350 14 0.375 0.500 0.437 0.593 0.750
400 16 16 17100 1 0.4 0.0000 0381 400 16 0375 0.500 0.500 0.656 0.843
450 18 18 17100 1 0.4 0.0000 0,429 450 18 0375 0.500 0.562 0.750 0.937
500 20 20 17100 1 0.4 00000 0476 500 20 0.375 0.500 0.593 0.812 1.031
600 24 24 17100 1 14 0.4 £.0000 600 24 0.375 0.500 0.687 0.968 1.218
700 28 28 17100 1 4867 0.4 0.0000 700 28 0.375 0.500
750 30 30 17100 1 500 0.4 0.0000 750 30 0.375 0.500
900 36 36 17100 1 660 0.4 0.0000 900 36 0.375 0.500 0.750
1050 42 42 171490 1. 760 0.4 00000 1050 42 0.375 0.500
where the nomenclature used above s ASME B31.1-2016
A Ly = minimem required wall teckness, i, [
(ravn)

4 51 U opipe v erdered by s momi
fal wall mm;.-}«w,nw s anufad tus ing tols Table A-1 Carbon Steel
erance on wall thickness must be ke
e account. Atter the mivimum pipe
wall thickness £, is determined by eq. (7
or (81, {his minirmum thickness shalt be Spec.
J il o P 100 290 309 ADO 500 GO0 &50 700 750 BOO Grade Ho,
vide the manufacturing telerance

Maximiem Allowanle Stress Vatues in Tension, Ksi, for Metal Temgerawure, “F, Not Exceeding

rueeacadd by 3o amossot soff

altowed in the applivable pipe speeifica

tion ar requiredt by the progess. The nest Searless Nipe and Tube
heavier commercial wall thicknoss shal 127 13.7 137 137 13.7 13,7 137 123 10.7 9.0 A AS3
ther he se ectedd o ihi suhedules 171 171 179 74 1 171 $71 5.4 120 0.8 5
wuch as contaired in AS 36 10M or
f:w\m vmn;nm: ;;mf srhedulec for nther 184 14,7 184 [N 15.7 e LB 0.4 9.5 A AL
fhom standond thicne [ER 17 7 N 178 17 B 3.0 0.3 8

0.0 200 200 204 200 20,0 9. A 12.40 ¥




B 18" NG Pipeline 1waanmnwdasdnfr (Gas Compressor) Tffsyanantdausatingviavung 12 fn Wdefaufausazé

DETERMINE PIPE WALL THICKNESS (tm)
T design = 150{C F
P design = 601barg §70psig
A, Corrosion Allowance Ojmm {.00001inch 104.1.2 Straight Pipe Under internal Pressure — (18}
B831.1,2016 Seamiess, Longitudinal Welded, or Spiral Walded and
S (Allowable Siress) = 17.1]ksi JFor A106-B, S = 17.1 ksi up to 650 deg F(ref, Table A-1, B31.1-2016) Operating Below the C
[REs 1
tm - the minimum required walt thickness, including manufactuer's tolerance (12.5%), for nominal wall thickness ordered pipe of pipe wall asquared fur desigh pressuses
tm=P*D/2/(S’E+Py)+A £ Ty thuse for the varies
=t A ble Stross Tablos. inch
t - pressure design thickness for t<D/6 ”‘T“‘fm‘ ‘\'fz‘t ot ‘m Tese
P - intemal design gage pressure Y = d/d+D for all Ferritic steels at 950F o (8], a5 faliow:
D - outside diamter of pipe ) .
S - stress value for material from Table A-1 o i
E or F - joint efficiency or casting quality factor, included in the value S, SE, SF in Table A-1
Y - coefficient from Table 104.1.2(A)
tincluding mig
tolerance schedule wall pipe thickness
DN NPS D P S E D/6 y t A ¥(1-12.5%) im tm DN NPS $408 S80S S40 S60 S80
inch psig psi E D/6 y inch inch inch inch mm inch inch inch inch inch
15 0.5 0.84 870 17100 04 0.4 0.021 4.0000 0.024 0024 0608 15 0.5 0.108 0.147 0.109 0.147
20 0.75 1.05 870 17100 018 0.4 0.026 0.0600 0.030 0030 0.760 20 0.5 0.113 0.154 0.113 0.154
25 1 1.315 870 17100 1022 0.4 Q.033 0.0000 0037 0037 0852 25 1 0.133 0.179 0.133 0.179
40 1.5 1.9 70 17100 1 0382 0.4 0.047 0.0000 0054 00584 1375 40 1.5 0.145 0.200 0.145 0.200
50 2 2.375 870 17100 1 040 0.4 0.084 ¢.0000 0.068 0065 1719 50 2 0.154 0.218 0.154 0.218
65 25 2.875 &70 17100 1 048 0.4 1072 0.0000 0.082 0082 2.081 65 25 0.203 0.276 0.203 0.276
80 3 35 870 17100 1 058 0.4 0.087 0.0000 0.100 2.532 80 3 0.216 0.300 0.216 0.300
100 4 45 B70 17100 1 075 0.4 0112 0.000G 0.128 100 4 0.237 0.337 0.237 0.281 0.337
150 6 6.625 870 17100 1 110 0.4 0.165 0.0000 0,189 150 6 0.280 0.432 0.280 0.432
200 8 8.625 /70 17100 1 1.44 0.4 0.214 0.0000 0,246 200 8 0,322 0.500 0.322 0.406 0.500
250 10 10.75 70 17100 1 172 0.4 0.268 0.0000 G306 250 10 0.365 0.500 0.365 0.500 0.593
300 12 12.75 70 17100 1213 0.4 0.318 0.0000 363 300 12 0.375 0.500 0.406 0.562 0.687
350 14 14 70 17100 1233 0.4 348 0.0000 ] . 10132 350 14 0.375 0.500 0.437 0.593 0.750
400 16 16 arg 17100 1 287 0.4 0.39¢ Q.anna 0466 (456 11.579 400 16 0.375 0.500 0.500 0.656 0.843
450 18 18 870 17100 1 3.00 0.4 0.449 0.0000 0513 0513 13.027 450 18 0.375 0.500 0.562 0.750 0.937
500 20 20 /70 17100 1333 Q.4 (1499 €.0000 Q570 0570 14474 500 20 0.375 0.500 0.593 0.812 1.031
600 24 24 870 17100 1 400 0.4 0.598 0.0000 0.684  0.bI4 17,369 600 24 0.375 0.500 0.687 0.968 1.218
700 28 28 &70 17100 1 4.67 0.4 0.698 0.0000 0696  0.698 17731 700 28 0.375 0.500
750 30 30 870 17100 1 500 0.4 0.748 0.0000 0745 0748 18993 750 30 0.375 0.500
8900 36 36 g70 17100 1 800 0.4 0.698 €.0000 0.088 0888 22797 900 36 0.375 0.500 0.750
1050 42 42 @70 17100 1700 0.4 1.047 0,0000 1047 1047 26 597 1050 42 0.375 0.500
whiere the nomenclature wsed above s ASME B)1.1-2014
A2 = runimum requived well thickness. in. ¢
(evirm)

AT I pipe s endered by ika nomi
nal wall thickness, the manufactasing ol Table A-1 Carbon Steel
erance on wall thickness must be aken
it account. After the mintmum  pipe
walf thickowess ¢, s determined by eq. 177
or {81, this minimum thickness shalt be Spec,
inscreased by avtamonnt sofficient to pieos 100 200 Elod 400 500 &00 650 700 750 BO0 Grade Ho,
vide the monufacturing telerance
Allewed i the applicable pipe specifica
tion or reguired by the process, The next Geamiess Mpe and Tube
heavier commercial sall thicknes:

A mm AtDwahte Stress valies i Tension, ks, foe Metal Temperawire, °F, Not Exceeding

=

then Tectodd £ ehick ' 177 13.7 13.7 1497 137 bR 137 i2.5 1.7 2.0 A ART
wnbe stivctue tram Pckness s 1 [E8! 1 TR Hs it w1 5.6 X 0.8 8
sueh as contained in ASME B36 10M or ! g
arturers’ srhednlos for ot
:’”"“ '(:”";"h“;:f | seherdilos fov other 15.s La.f 1o N 15 5 Bha e . s A Aiun
ar standand Badnass [T 17 1w i i X 7.4 5.6 50 0.8 B
2040 J0.4 2.4 20,0 2.0 FG.0 R 183 a8 124 C



C 12" NG Pipeline 1aananiaunnlaiuva 18 i Wduaiasiamslua (Flow Meter) saushsofudizudasia

IDETERMINE PIPE WALL THICKNESS (tm)

T design = 150|C 202F

P design = 60{barg 8701psig

A, Corrosion Allowance Ofmm 0.0000}inch 104.1.2 Straight Pipe Under internal Pressure — (16)
B31.1, 2016 Seamlass, Longitudinal Welded, or Spiral Welded and

S (Allowable Stress) = 17.1]ksi JFor A106-B, S = 17.1 ksi up ta 650 deg F (ref. Table A-1, B31.1-2016)

tm ~ the minimum required wall thickness, including manufactuer’s tolerance (12,5%), for nominal wall thickness ordered pipe
tm=P'D/2/(S'E+Py)+A

tm=t+A Stro T v,,\:;. ;

t - pressure design thickness for t<D/6 . mﬂ&‘ shall notie less ¢
N ) . Aetormined by g o {8y, an followss

P - intemal design gage pressure Y = d/d+D for all Ferritic steels at 950F

D - outside diamter of pipe

S - stress value for matenal from Table A-1 = ¢ e
E or F - joint efficiency or casting quality factor, included in the value S, SE, SF in Table A-1
Y - coefficient from Table 104.1.2(A)
tincluding mfg
tolerance schedule wall pipe thickness
DN NPS o] P S E y t A ¥(1-12.5%) im tm DN NPS 5408 5808 540 S60 s80
inch psig psi E Yy inch inch inch inch inch inch inch inch inch
15 05 0.84 870 17100 1 0.4 0.021 0.0000 0.024 D024 15 0.5 0.109 0.147 0,109 0,147
20 0.75 1.05 70 17100 1 0.4 0.026 0.0000 0.030 0030 20 075 0,113 0.154 0.113 0.154
25 1 1.315 870 17100 1 0.4 0.033 0.0000 0037 0.037 25 1 0.133 0.179 0.133 0.179
40 1.5 19 870 17100 1 0.4 0.047 0.0000 0.084  6.054 40 1.5 0.145 0.200 0.145 0.200
50 2 2,375 470 17100 1 0.4 0.059 20000 0,088 0068 50 2 0.154 0.218 0.154 0.218
65 2.5 2.875 870 17100 1 0.4 .07z 0.0000 0082 Q.082 65 25 0.203 0.276 0.203 0.276
80 3 3.5 870 17100 1 0.4 o087 4.0000 Q.100 000 80 3 0.216 0.300 0.216 0.300
100 4 45 870 17100 1 0.4 0,112 0.0000 0128 0.128 325 100 4 0,237 0.337 0.237 0.281 0.337
150 6 6,625 £70 17100 1 0.4 N85 0.0000 0189 0,189 4795 150 6 0.280 0.432 0.280 0.432
200 8 8,625 870 17100 1 0.4 0.215 0.0000 0.246 0,248  §242 200 8 0.322 0.500 0.322 0.406 0.500
250 10 10.75 870 17100 1 0.4 0.268 0.0000 0.306 0308 7.780 250 10 0.365 0.500 0.365 0,500 0.593
300 12 12.75 870 17100 1 0.4 313 0.0000 0363 03683 9.227 300 12 0,375 0.500 0.406 0.562 0.687
350 14 14 are 17100 1 0.4 (.349 0.0000 0.399 0399 10.132 350 14 0,375 0.500 0.437 0.593 0.750
400 16 16 570 17100 1 0.4 0.399 00000 0,456 048 118679 400 16 0.375 0,500 0.500 0.656 0.843
450 18 18 870 17100 1 0.4 0.449 0.0000 4513 0513 13027 450 18 0.375 0.500 0.562 0.750 0.937
500 20 20 870 17100 1 0.4 i 0.0000 0870 0570 14474 500 20 0.375 0.500 0.593 0.812 1.031
600 24 24 870 17100 1 0.4 0.0000 0684  0.694 17.369 600 24 0.375 0.500 0,687 0.968 1.218
700 28 28 870 17100 1 0.4 0.0000 0698 0.698 17.731 700 28 0.375 0.500
750 30 30 870 17100 1 500 0.4 : 0.0000 0.748  0.748 18998 750 30 0.375 0,500
900 36 36 870 17100 1 800 0.4 0.698 00000 0.608  0.898 22797 900 36 0.375 0.500 0.750
1050 42 42 87a 17100 1740 0.4 1047 Q.0000 1,047 1047 26.597 1050 42 0.375 0.500
where the nermenclature used abovens ASME B31.1-2016
(A Ly = pammum required wall thackness, in i
ferm}
LA LTE U pipe s ordered by s momi
el thicame e manelin gtk Table A-1 Carbon Steel
erance on wiall thickness must be 1aken Mantmam Atlawahie Stress Values in Tensfor, ks, far Metal Temperature, °F, Not Exceeding
mto accound. After the mammum pipe
wall thickness £, is determined by en. (7}
ot {81, this munt thickness shall be Spec.
irsoeeased £t sffieiond by . 100 200 390 400 506 600 650 700 750 80O Grade No.
vide the manufaciuring folerance
allowed i the applicable pipe specilica
tiun ot reuired by the process, The nese Searless Pipe and Tube
I;t‘dv;(‘( a;miﬁ\v{x::ml \;\;!l thickness ;h{\&l 117 187 137 13,7 137 3117 125 w7 a0 A 263
then be selected from thick e ~disles 5 « 4 i 5 7 §.& 0 5
such as containted in ASME Bis 106 or e et e i e i 196 136 0.8 B
fearm m,\nnfn(tv:vf«ﬁ' srhiechitos for other " e " " f e Lo Yy 0. vy N ALub
thar standard thickness. [N 17 17 V7 e [EX 7.1 150 10,8 8
2004 00 RIEXY 200 200 20 198 4.8 2.0 [s




D

12" NG Pipeline 219aanan Flow Meter taruing Fuel Gas Heater wasigngfodumaudazdn

DETERMINE PIPE WALL THICKNESS (tm)
= 360|C

T design = BROIF
© design = 60{barg §701psig
A, Corrosion Allowance O{mm 0.0000]inch 10%.1.2 Straight Plpe Under Internal Pressure — ()
B831.1, 2016 Seamiess, Longiudinat Welded, or Spiral Welded and
S (Allowable Stress) = 15.6[ksi_____ |For A106-B, S = 17.1 ksi up to 650 deg F ({ref. Table A-1, B31.1-2016) Operating Helow the Lreep Kange
(A3 Minbmon Wl Th m thickness
tm - the minimum required wall thickness, including manufactuer's tolerance (12,5%), for nominal wall thickness ordered pipe for tem-
tm=P'D/2/(SE+Py)+A s materials
tm=1+A ; st
t - pressure design thickness for t<D/6 AN J‘"’m $ham that
P - internal design gage pressure Y = dfd+D for al Ferritic steels at 950F derermined ey
0 ~ outside diamter of pipe .
S - stress value for material from Table A-1 o
E orF - joint efficiency or casting quality factor. included in the value S, SE, SF in Table A-1
Y - coefficient from Table 104.1.2(A)
tincluding mfg
tolerance schedule wall pipe thickness
DN NPS D P S E D6 Y. t A 1(1-12,5%) tm im DN NPS $40S 580S S40 S60 S80
inch psig psi E__Dis y inch inch inch inch mm inch inch inch inch inch
18 0.5 0.84 B70 15600 1 044 04 0.023 L0000 0.026 0028 0665 15 0.5 0.108 0.147 0,108 0.147
20 0.75 1.0 a7¢ 15600 1018 04 0.029 0.0000 5,033 0.033 0 0831 20 075 0.113 0.154 0.113 0.154
25 1 1.315 70 15600 102z 04 0.036 0.0000 004t 0041 1.041 25 1 0.133 0.179 0.133 0.178
40 1.5 1.9 70 18600 1002 04 52 6.0000 0.059 068 1.504 40 1.5 0.145 0.200 0.145 0.200
50 2 2375 B70 18800 1 040 0.4 Q.0000 0.074 0074 1.8380 50 2 0.154 0.218 0.154 0.218
65 25 2.875 870 15600 1 048 04 Q.0000 0.090 65 25 0,203 0.276 0.203 0.276
80 3 35 870 15600 1088 04 0.4000 0.109 80 3 0.216 0.300 0.216 0.300
100 4 4.5 470 18600 1075 0.4 2.0000 0.140 100 4 0.237 0.337 0.237 0.281 0.337
150 3 6.625 g70 15600 L S 5 0.4 0.0600 0.207 150 6 0.280 0.432 0.280 0.432
200 8 8.625 876G 18600 1 1.44 0.4 0.0000 0.269 200 8 0.322 0.500 0.322 0.406 0.500
250 10 10.75 870 15600 1 1.79 0.4 0.6000 0.335 250 10 0.365 0.500 0.365 0.500 0.593
300 12 12.75 870 15600 1 0.4 0.0000 0.397 300 12 0.375 0.500 0.406 0.562 0.687
350 14 14 870 15600 1 04 0.0000 Q 350 14 0.375 0.500 0.437 0.593 0.750
400 16 16 g70 18600 1 0.4 0.0000 Q. 400 16 0.375 0.500 0.500 0.656 0.843
450 18 18 870 15600 1 0.4 0.0000 0.561 450 18 0.375 0.500 0.562 0.750 0.937
500 20 20 870 1 04 0.0000 0,623 15,836 500 20 0.375 0.500 0.593 0.812 1.031
600 24 24 870 1 0.4 0.0000 G.748 19.003 600 24 0.375 0.500 0.687 0.968 1.218
700 28 28 874 1 0.4 Q.0000 0.764 12.399 700 28 0.375 0.500
750 30 30 870 1 04 0.0000 0818 20,764 750 30 0.375 0.500
900 36 36 70 15800 1 04 0.0000 (0.982 900 36 0.375 0.500 0.750
1050 42 42 870 15600 1 04 0.0000 1,146 1050 42 0.375 0.500
where the pomenclatare wsed sbove iy ASME B31.1-2616
AL s mannum pequited wall thickness, i,
Iy
A L1s If pipe is ordered by its nomi-
l\ﬁﬂl‘i&l“hit&ﬁtﬁ%ﬁ. x‘ywmmmf&(‘!unny;lulv Table A-1  Carben Steel
wrance s wall thiskness must be taken Maximum Allowakile Stress Values in Tension, ksi. for Metal Temperature, °F. Not Exceeding
imte weepmt After the minimom pipe
ewall thickness t. in dutermined by eq. (7)
or (81, thiz minimum thickness shall be Spec.
ireased by an amount sufficient b po na 2060 100 400 500 AN K50 7an 750 ’np e Ner
vide the manufacturing tolerance
atlowed w the applicable pipe speafic
tron or reguired by the process. The nest Seamless Plpe and Tube
e L (T S LU LA T I
such as contained 1 ASME BI6 1M or e B 1 ! B e e 15 A0 108 B
:}X:::' :1‘::‘(;3:’:‘;‘;;’:;’&“ i"‘d\ﬂ(“« fornther 17 17 1.7 3.7 1EF V37 128 gy n3 A MiO6
N o o 17,1 173 174 17.% 174 7.1 56 130 0 B
M 106.8 ExH a4 200 195 143 14,8 [Fx v




) 12" Fuel Ot Pipeline ywaanmndafuiniufmaaiydoadosgudniniu (Fuel Off Transfer Pump)

DETERMINE PIPE WALL THICKNESS (tm)
T design = 50[c RE 1
P design = 41barg S&ipsig
A, Corrosion Allowance Olmm 0.0000]inch 104.1.2 Straight Pipe Under Internat Pressure — (16)
[B31.1,2016 Seamiess, Longitudinal Welded, or Spiral Welded and
S (Allowable Stress) = 174]ksi___ |For A106-B, S =17.1 ksi up to 650 deg F (ref, Table A-1, B31.1-2016) Operating Belaw the Creep Range

14 Bl Thickem The munirouey
{m - the minimum required wall thickness, including manufactuer's tolerance {12.5%), for nominal wall thickness ordered pipe oof pipe wall ik fur shesiges prsssures
tm=P'D/2/(S'E+P'y)+A peratiures r exvecdng those {(}r the © 4
tm=t+A Histed 1 swable Stress Tables, g b
t - pressure design thickness for t<D/6 Eemrjm;w - ! whtr‘m:‘::h‘uh;f;; ‘r:\otﬁ%& ess than that
P - intemal design gage pressure Y = d/d+D for all Ferritic steels at 950F Getermine PFoR B, as followes

D - outside diamter of pipe

S - stress value for material from Table A-1

E or F - joint efficiency or casting quality factor, included in the value S, SE, SF in Table A-1
Y - coefficient from Table 104.1.2(A)

{including mfg
tolerance schedule wall pipe thickness
DN NPS D P S E 0/6 y t A Y(1-12.5%) im tm DN NPS S40S S80S 540 S60 580
inch psig psi E D/6 y inch inch inch inch mm inch inch inch inch inch
15 05 0.84 &5 17100 1 Q.14 0.4 0.601 0.0000 0.002 Q002 0041 15 0.5 0.109 0.147 0.109 0.147
20 0.75 1.05 58 17100 t 018 0.4 C.002 0.0000 .0 0002 0.082 20 075 0.113 0,154 0.113 0.154
25 1 1.315 58 17100 1022 0.4 0.002 0.0000 o0 0.008  0.0683 25 1 0.133 0.179 0.133 0.179
40 1.5 1.9 58 17100 1032 0.4 0.003 0.0000 0.004 0004 0083 40 1.5 0.145 0.200 0,145 0.200
50 2 2,378 58 17100 1 040 0.4 0.004 0.0000 Q.00 0008 0Ny 50 2 0.154 0.218 0.154 0.218
65 25 2875 58 17100 1 048 0.4 0.008 a.0000 0.006  0.008 65 2.5 0.203 0.276 0.203 0.276
80 3 3.5 58 17100 1058 0.4 0.008 4.0000 0,007 0.007 80 3 0216 0.300 0.216 0.300
100 4 4.5 56 17100 1 078 0.4 0.008 0.0000 0008 0009 100 4 0.237 0.337 0.237 0.281 0.337
150 6 6.625 56 17100 1 110 0.4 0.011 0.0000 4013 0013 150 6 0.280 0.432 0.280 0.432
200 8 8.625 58 17100 1 144 04 0.015 0.0000 0017 0017 200 8 0322 0.500 0.322 0.406 0.500
250 10 10.75 88§ 17100 1 0.4 0.018 0.0000 .02t on2t X 250 10 0.365 0,500 0.365 0.500 0.593
300 12 12.75 58 17100 1 0.4 0.022 0.0000 0.026 0026 0.627 300 12 0.375 0.500 0.406 0.562 0,687
350 14 14 5817100 1 0.4 0.024 4.0000 0.027 0027 0.688 350 14 0.375 0.500 0.437 0.593 0.750
400 16 16 &8 17100 1 0.4 0.027 0.0000 0,031 0031 400 16 0.375 0.500 0.500 0,656 0.843
450 18 18 58 17100 1 04 0.030 0.0000 0035 0.035 450 18 0,375 0.500 0.562 0.750 0.937
500 20 20 5% 17100 1 a4 .0%4 0.0000 0,038 0039 500 20 0375 0.500 0.593 0812 1.031
600 24 24 58 17100 1 04 0.041 Q0000 0046 0046 600 24 0.375 0.500 0.687 0.968 1.218
700 28 28 5& 17100 1 4.67 0.4 0.047 0.0000 0.047  0.047 700 28 0.375 0.500
750 30 30 88 17100 1500 0.4 0.051 0.0000 0051 0.051 750 30 0.375 0.500
900 36 36 8 17100 1 600 0.4 0.061 0000 0061 G081 200 36 0.375 0.500 0.750
1050 42 42 88 17100 1 7.00 0.4 0.071 0.0000 0.071 0071 1050 42 0.375 0.500
where the nomenclature used above s ASMLDI.3-2006
(AdiLy = mimimurn required wall thickness. in, i
(rmy
AT T pipe s ardered by it memi
ol vl his bt e g s g Table A-1  Carbon Steel

erance on wall thickness must be taken
o account. Alter the miimum pipe
wall thickness £, is determined by eq. {7)
ot {8}, this minimum thickness shait be Bpet,
incveased Ly st aemonnt sufficinnt t s, 1on 200 3G90 400 500 &0l 530 700 750 BOO Grache Ho,
vide the manufacturing telerance

Maxi i Atlowable Stress Vatues i Tensiow, Ksi, for Metst Temperatire, °F, Not Exceeding

alewed in the applicable pipe specifica:

thon or required by the process. The next Searntzss Mipe and Fube
heavier conumercisi wnlf thickness ghm 117 13.7 37 13,7 £3.7 125 a7 a0 A a53
ther be selected from thickness schedules 171 1 174 1ia 171 15,6 120 0.8 5

such as contained in ASME B36.10M or
frowws sanufactarers” scheehitles fow other

N 5 E5.4 18 v, E AU

thars standord trichknes: LA 1 1 [ : d i A s
1T E! 17 17 e 7. 15,6 0.8 5
0.0 0. 200 6.0 200 188 15,3 1.0 ¢




12" Fuel Ol Pipeline annirfasguaaiutu (Fuel Ol Transfer Pump) WfaaunnithgAetufmaudasd

K

DETERMINE PIPE WALL THICKNESS (i)

T design = 50|C 122

P design = 16|barg 2

A Corrosion Allowance Ofmm 0.0000]ineh
831.1,2016

S (Allowable Stress) = 17 4Tksi

m=P'D/2/(S'E+Py)+A
im=t+A

t - pressure design thickness

P - intemal design gage pressure
D - outside diamter of pipe

S - stress value for matenial from

tor t<Di6

Y = d/d+D for alf Ferritic steels at 950F

Table A-1

E orF - joint efficiency or casting quality factor, included in the value S, SE, SF in Table A-1

|For A106-B,5 = 17.1 ksiup to 650 deg F (ref. Table A-1, B31,1-2016)

tm - the minimum required wall thickness, including manufactuer's tolerance (12.5%), for nominal wall thickness ordered pipe

104.1.2 Straight Pipe Under internat Prassute — (16}

Seaminss, Longitudinal Welded, or Spiral Welded and
Operating Befow the Creep Range

{4 A B The minimur
¢ cesipgn pueseares @
sesdirrgg those for the variew
brbe Stress Tables, inchucd
trength. shall notbe lees
ox (R, ax follewves

sokreons

ol pipe w
5’“\‘!‘3“#2’*« s

Y - coefficient from Table 104.1.2(A)
tincluding mfg
tolerance schedule wall pipe thickness
DN NPS D S Y t A ¥(1-12.5%) im tm ON  nMPS 408 S80S S490 560 580
inch psi y inch inch inch inch mm inch inch inch inch inch
15 0.5 0.84 17100 0.4 0.006 0.0006 0.006  0.008  0.165 15 0.5 0.109 0.147 0.109 0.147
20 0.75 1.05 17100 0.4 0.0067 G.a000 0.008 0008 0.206 20 075 0.113 0.154 0.113 0.154
25 1 1.315 17100 0.4 a.009 0.0000 0.0ty 0010 25 1 0,133 0.179 0.133 0.179
40 1.8 1.9 17100 0.4 0.013 00000 0.016 69 40 1.5 0.145 0.200 0.145 0.200
50 2 2.375 17100 0.4 0.016 0.0000 0018 0018 50 2 0.154 0.218 0.154 0.218
€5 2.5 2,875 17100 0.4 0.019 0.0000 22 0022 65 2.5 0.203 0.276 0.203 0.276
80 3 35 17400 0.4 0.024 0.0000 0027 80 3 0.216 0.300 0.216 0.300
100 4 45 17100 0.4 0.030 .0000 0.035 100 4 0.237 0.337 0.237 0.281 0.337
150 1) 6.625 17100 0.4 0.04% 0.0000 0051 150 6 0.280 0.432 0.280 0.432
200 8 8.625 17100 0.4 0.058 0.0000 0.067 200 8 0.322 0.500 0.322 0.406 0.500
250 10 10.75 17100 0.4 0.073 0.0000 0.083 2,108 250 10 0.365 0.500 0.365 0,500 0.593
300 12 12.75 17100 0.4 0.086 0.0600 0.083 300 12 0.375 0.500 0.406 0.562 0.687
350 14 14 17100 0.4 0.094 0.0000 350 14 0.375 0.500 0.437 0.593 0.750
400 16 16 17100 0.4 0.108 0.0000 400 16 0.375 0.500 0.500 0.656 0.843
450 18 18 17100 0.4 Q121 0.0000 450 18 0.375 0.500 0.562 0.750 0.937
500 20 20 17100 0.4 0.135 0.0000 0.154 N 500 20 0.375 0.500 0.593 0.812 1.031
600 24 24 17100 0.4 0.162 Q0000 0 188 600 24 0.375 0.500 0.687 0.968 1.218
700 28 28 17100 0.4 a.189 0.0000 0.189 700 28 0.375 0.500
750 30 30 17100 0.4 (1202 0.0000 750 30 0.375 0.500
900 36 36 17100 0.4 0 4.0000 900 36 0.375 0.500 0.750
1080 42 42 17100 0.4 0.283 0.0000 1050 42 0.375 0.500
where the nomenclature used above s ASME B.31,3-20146
(AL G, @ s required wall thickness, i,
{ram}
A B pipe i ordered by it momi
bl ke e manufactuing tol- Table A-1 Carbon Steel
erangi on wall thickness must be taken MaxHmsm Aowable Stress Vatues i Tenslen, Ksi, for Mewl Temperature, °F, Not Exceeding
ste account. After the minimum pipe
weall thickness £, i dedenmined by eq. (71
ar (8L this minimum thickness shall be Spec.
increased by anamonent snfficient boopre. 100 209 360 &0 500 a0t 50 700 750 a2ng larade No.
vide the manufacturing telerance
allowest i the apphvable pipe specifica:
tlom ot requined by the process. The next Sramtess Pipe and Tube
R‘«'-‘Vi:" *“]‘“‘:’“‘;Yf“‘ém‘;‘{‘i“‘“‘”' “”“‘“ 117 137 137 117 13.7 137 017 125 0.7 9.0 A AsE
e be selecked from thickness schedules P . . . o - ; . o
ek a5 contained in ASME B 10M or 171 W 143 173 1% 2.1 %41 5.6 3.0 LR 8
W m e
- " 17 17 (R Tk PrLE 150 150 0.8 5
e neh S i%t 204 0.0 15,3 14,8 A <




L 10" Fuel Oil Pipeline awnia3avguswiniu (Fuel Oil Transfer Pump) duqaunnisngfatuinguaasd

DETERMINE PIPE WALL THICKNESS (tm)
T design = 50]C 122]F
P design = 16ibarg 232 |psig
A, Corrosion Allowance Ojmm .0000]inch 104.1.2 Straight Pipe Under Internal Pressure — (16)
831.1, 2016 Seamiess, Longitudinal Walded, or Spiral Welded and
S (Allowable Stress) = 17 1Tksi |For A106-B, S = 17.1 ksi up to 650 deg F (ref. Table A-1, B31.1-2016) Operating Below the Creep Ranga
LA Mieriomma Ui .
tm - the minimum required wall thickness, including manufactuer's tolerance (12.5%), for nominal wall thickness ordered pipe v fun duniyss pressunes o
tm=P'D/2/(SE+P'y)+A g those !nr the vanass matenals
tm=t+A ta Stress Tablos, ing
t - pressure design thickness for t<D/6 3 i by :mrﬁih&hﬁl}l\ N‘«t '\D; :
P - intemal design gage pressure Y = dfd+D for alf Ferritic steels at 950F determined By ed. 193 o (8, ae follerwss
O - outside diamter of pipe . .
S - stress value for material from Table A-1 t E
E or F - joint efficiency or casting quality factor, included in the value S, SE, SF in Table A-1
Y - coefficient from Table 104.1.2(A)
t including mfg
tolerance schedule wall pipe thickness
ON NPS ] P S E D/6 Yy i A Y(1-12.6%) tm im DN NPS $40S S80S S40 S60 S80
inch psig psi E D/6 y inch inch inch inch mm inch inch inch inch inch
15 0.5 0.84 23217100 T 014 0.4 0.008 50000 0.006 o006 0.165 15 0.5 0,109 0.147 0.108 0.147
20 0.75 1.05 1700 1018 0.4 0.007 0.0000 0,008 0008 0208 20 075 0.113 0.154 0.113 0.154
25 1 1.315 17106 1 022 0.4 0.008 0.0000 0.010 0010 0.258 25 1 0.133 0,179 0.133 0.179
40 15 1.9 17104 1042 04 0.013 0.6000 0015 0.372 40 1.5 0.145 0.200 0.145 0.200
50 2 2.375 17104 1 Q.40 0.4 0.04e (.0000 0.018 0485 50 2 0,154 0.218 0.154 0.218
65 25 2.875 17100 1 048 0.4 Q.019 0.0000 0.022 0563 65 25 0.203 0.276 0.203 0.276
a0 3 3.5 17100 1 058 0.4 0.024 0.0000 0.027 0685 a0 3 0.216 0.300 0.216 0.300
100 4 4.5 17100 1 075 0.4 0.030 0.0000 L0356 0.851 100 4 0.237 0.337 0.237 0.281 0.337
150 6 6.625 17100 1 1.10 0.4 0.048 0.0000 Q051 1.2938 150 6 0.280 0.432 0.280 0.432
200 8 8.625 17100 1 1,44 0.4 Q.058 0.00060 Q067  0.067 1688 200 8 0322 0.500 0.322 0.406 0.500
250 10 10,75 17100 1 1,79 0.4 0.073 0.0000 0.083 0.083 2,108 250 10 0.365 0.500 0.365 0.500 0.593
300 12 1275 17100 1243 0.4 (.086 0.0000 0.098 0088 2497 300 12 0.375 0.500 0.406 0.562 0.687
350 14 14 17100 1 2.3 0.4 (1.094 0.0000 0.108 0108 2742 350 14 0.375 0.500 0.437 0.593 0.750
400 16 16 17100 1 287 04 0.108 0.0000 0.123 o1 3.134 400 16 0.375 0.500 0.500 0.656 0.843
450 18 18 17100 1300 0.4 (121 0.0000 0138 0.139 450 18 0.375 0.500 0.562 0.750 0.937
500 20 20 17100 133 0.4 0155 Q.0000 Q154 0184 500 20 0.375 0.500 0.593 0.812 1.031
600 24 24 23247100 1 4m 0.4 0,162 00000 0185 (185 600 24 0.375 0.500 0.687 0.968 1.218
700 28 28 232 1TH0 1487 0.4 0.0000 0.188 0188 4798 700 28 0.375 0.500
750 30 30 282 17100 1500 0.4 0.0000 0 0,202 §.141 750 30 0.375 0.500
900 36 36 232 trae 1 640 0.4 Q.0000 0.2 6,169 900 36 0.375 0.500 0.750
1050 42 42 232 1T00 1700 0.4 0283 20000 0283 7198 1050 42 0.375 0,500
where the nomenciaiure used abone s ASME DI1.1-2616
(A3 L, = mumum required wall tackness, i, [
{ram}
AT I pipe is ardered by ity nomi
nalswali 1;‘;\&2‘&,.1“« manula tusing tol- Table A-1  Carbon Steel
erance on wall thickness mast be taken Maxtmum Attowahle Stess Values (o Tension, ksh, for Mew] Temperatre, °F, Not Exceeding
miy accound. After the mimmum pipe
watl thickness £, is determined by eq. (7
ar {81, this minimum thickness shall be - Spec,
mereased Ly an ymonnk safficiont fo pro. 100 200 390 400 506 600 850 700 750 800 Grade "o,
wvide the manufacturing tolerance
allowed i the applicable pipe specificas
ton or requird by the process. The nest Seamtess Pipe and Tube

R e 127 137 3 ; 137 17 117 125 0.7 2.0 A A52
e DO e e frors £ DEHS SUPEGLECS B « . 3w @ P g g
. 171 1R 1 H 173 LA i 158 1340 HLE 5
suh as containest in A JRIR Y
‘I’;“m ~‘\1‘V‘“;”m;‘ :;: T\?r‘ ~:r-‘:‘\ s for other [EN3 P4 N 3.4 i ER N4 RN ¥ s A FAVEAEY
AT sRandard Prelana. ) ! e 1. [ (N £7.1 158 10,8 5
pirNt: G ESRY 26 26,0 20.0 R B2 13 124 s




M 8" Fuel Oil Pipeline annwefasgudaiuiu (Fuel Oil Transfer Pump) hde3ausnungfouiiaudasdn

DETERMINE PIPE WALL THICKNESS (tm)

T design = 53[C 122]F
P design = 16|barg 237]psig
A, Corrosion Allowance Olmm 0.0000]inch 104.1.1 Straight Pipe Under Internal Pressure — (16)
ré31~1, 2016 Seamless, Longitudinal Welded, or Spiral Welded and
S (Allovable Stress) = T71]ksi [For A106-B, S = 17.1 ksi up ta 650 deg F_(ref, Table A-1, B31.1-2016) Operating Below the Craep Range
(A A The mi
tm - the minimum required walf thickness, including manufactuer's tolerance (12.5%), for nominat wall thickness ordered pipe ot pipse wall ey b prens
tm=P‘D/2/(STE+Py)+A ¢ 1 those f(jr the v
fm=(+A 3 Stresy Tablos,
t - pressure design thickness for t<D/6 o i“”“"‘fém"‘f”;ﬁ;}“ !
P - intemal design gage pressure Y = dfd+D for all Ferritic steels at 950F Hor 8, s faflow:

0 - outside diamter of pipe

S - stress value for material from Table A-1

E or F - joint efficiency or casting quality factor, included in the value S, SE, SF in Table A-1
Y - coefficient from Table 104.1.2(A)

tincluding mfg

tolerance schedule wall pipe thickness
DN NPS D S E D6 y t A V(1-12.5%) tm im DN NPS 5408 5808 540 $60 580
inch psi E D/6 y inch inch inch inch mm inch inch inch inch inch
15 0.5 0.84 17100 1 014 0.4 0.006 0.0000 2.006 0006  0.165 15 0.5 0.109 0.147 0.109 0.147
20 0.75 1.05 17100 1 018 0.4 0.007 0.0000 0.008  0.008 0208 20 075 0.113 0,154 0.113 0.154
25 1 1.315 17100 1 022 0.4 2.009 0.0002 0010 0010 0258 25 1 0.133 0.179 0133 0.179
40 1.5 1.9 17100 1032 0.4 0.013 4.0000 Q.015 0015 0.372 40 1.5 0.145 0.200 0,145 0.200
50 2 2.375 17100 1 040 0.4 0.018 0.0000 0018 0.018 0465 50 2 0.154 0.218 0.154 0.218
65 2.5 2.875 17100 1 G48 0.4 0.019 0.0000 0022 0.022 0563 65 25 0.203 0.276 0.203 0.276
80 3 3.5 17100 10468 0.4 0.024 0.0000 0027 0027 0685 80 3 0.216 0.300 0.216 0.300
100 4 4.5 17100 1078 0.4 0.030 (.0000 0.035 0035 0.881 100 4 0.237 0,337 0.237 0.281 0.337
150 6 6,625 17100 1 110 0.4 D045 0.0000 0051 008t 1208 150 6 0.280 0.432 0.280 0.432
200 8 8,625 17100 1 144 0.4 0.058 0.6000 0.087 0067 1.689 200 8 0.322 0.500 0.322 0.406 0.500
250 10 10.75 17100 1 ¥ 04 0073 .0000 0.083 0083 2,108 250 10 0.365 0.500 0.365 0.500 0.593
300 12 12.75 17100 1243 04 G.086 0.0000 0.088 0088 2497 300 12 0.375 0.500 0.406 0.562 0.687
350 14 14 17100 1233 0.4 0,094 00000 Q108 0108 2742 350 14 0.375 0.500 0.437 0.593 0.750
400 16 16 17100 1287 04 0.108 0.0000 0428 0123 3134 400 16 0.375 0.500 0.500 0.656 0.843
450 18 18 17100 1 300 04 Qo £.0000 0,138 0139 3528 450 18 0.375 0,500 0.562 0.750 0.937
500 20 20 17100 1 3,33 0.4 0.135 0.0000 0154 0184 3817 500 20 0.375 0.500 0.593 0.812 1.031
800 24 24 17100 1400 04 0.162 0.0000 0185 0485 4701 600 24 0,375 0.500 0.687 0.968 1.218
700 28 28 17100 1 467 04 0,189 0,0000 0,169 0188 4798 700 28 0.375 0.500
750 30 30 17100 T 500 04 (.202 0.0000 0202 0202 A 750 30 0375 0.500
900 36 36 17100 1 6.00 0.4 0.243 €.0000 0243 6,169 900 36 0.375 0.500 0.750
1050 42 42 17100 1700 0.4 0.283 0.0008 0283 7.198 1050 42 0.375 0.500
where the aomenclature used above s ASME B1.1-201¢
AN, = mimmum requirved wall thickness. in, [

{nmy

tA T D I pipeis ordered by s momi
ot vl thichnee the manufacusing ol Table A-1 Carbon Steel
erance on wall thickoess must be taken
nte account. Alter the minmmum pipe
wall thickness 1, s deterndned by eg. (71
or (8}, this minimum thickress shall be Spec.
iwrvased by an aronend safficiont iopns. 100 209 349 400 500 aot B850 700 750 800 Grade Ho.
vide the manufacturing toleranve

Maximim Allowabte Stress Values fo Tension, kel, for Metat Temperauire, °F, Not Exceeding

allowed e spplcable pi
stun ot reguired by the proce
heavier commercial wall thi

spweifica:
e rexy Seamiess Pips and Tube
shall -

N | 17 137 137 137 13.7 3.7 3.7 2% 1.7 2.0 A ASY
then be selected from thickne: ~cdnles 171 193 173 171 174 Iy €71 15.4 130 10.8 5

such as contained in ASME B36.10M or
from roancdaeturers eebecdnlos for pther

than standard thickness 1A a4 (NS 147 o N s Hof # EARRELY
T AT e, [ER ER 7 I 22 7.4 Lo 0.8 B
st 205 20 260 29.0 Rr 1.8 100 ¢




6" Fuel Oif Pipefine annindasguseiuiu (Fuel O Transfer Pump) Witsamunnangfoiufausard

N

DETERMINE PIPE WALL THICKNESS (tm)

T design = 50C 122|F

P design = 16ibarg 232{psig
A, Corrosion Allowance Ojmm 0.0000]inch

B831.1,2016

104.1.2 Straight Pipe Under internal Pressure — (16}

Seamiess, Longitudinal Welded, or Spiral Welded and

S (Allowable Stress) = 17.1]ksi For A106-B, S = 17.1 ksi up to 650 deg F (ref. Table A-1, B31.1-2016) Opesating Below the Creep Range
LA B ey Well Theckness
tm ~ the minimum required wall thickness, including manufactuer's tolerance (12.5%), for nominal wall thickness ordered pipe wf pipe wall ey
tm=P*D/2/(SE+PYy)+A K 1Q\sr\~; [N Y Kerrg o fur e
=t A Hsted in the VNc Stress Tables,
{ - pressure design thickness for t<D/6 ”%}f?\'ming‘th“‘ ;ﬂ;‘ not
P - intemal design gage pressure Y = d/d+D for all Ferritic steels at 950F Y o (), 2 follewes:
D - outside diamter of pipe . .
S - stress value for material from Table A-1 TR o
E or F - joint efficiency or casting quality factor, included in the value S, SE, SF in Table A-1
Y - coefficient from Table 104.1.2(A)
{ including mfg
tolerance schedule wall pipe thickness
DN NPS D P S E D/6 y t A Y(1-12.5%) im im DN NPS S408 S80S S40 S60 S80
inch i psi E D/6 y inch inch inch inch mm inch inch inch inch inch
18 0.5 0.84 17100 1 014 0.4 0.006 4.0000 0.006 0008 0165 15 0.5 0,108 0.147 0.109 0.147
20 0.75 1.05 17100 1 0.18 0.4 0.007 0.0000 0008 0008 0.206 20 075 0.113 0.154 0.113 0.154
25 1 1.315 17100 1 022 0.4 Q.009 0.0000 0010 0.010 025 25 1 0.133 0.179 0.133 0.179
40 1.5 1.9 17100 1032 04 0.013 €.0000 0.015 0015 0.372 40 15 0,145 0.200 0,145 0.200
50 2 2.375 17100 1 040 0.4 0.016 0.0000 0.018  0.018 0488 50 2 0.154 0.218 0.154 0.218
65 25 2.875 17100 1 048 04 0.019 0.0000 0022 0.022  0.563 65 25 0.203 0.276 0.203 0.276
80 3 3.5 17100 1 X 0.4 Q.n24 0.0000 0.027 0027 0685 80 3 0.216 0.300 0.216 0.300
100 4 4.5 17100 1078 04 0.030 0.0000 6,036 0.03§  0.881 100 4 0.237 0.337 0,237 0.281 0,337
150 6 6.625 17100 1 1.10 0.4 0.045 0.0000 0.081 0,051 1.298 150 6 0.280 0.432 0.280 0.432
200 8 8.625 17100 1 144 0.4 0.058 0.0060 Q.067 0067  1.689 200 8 0.322 0.500 0.322 0.406 0,500
250 10 10.75 17100 1 1.79 0.4 0.073 0.0000 0.083 Q.08 2,108 250 10 0.365 0,500 0.365 0.500 0.593
300 12 12.75 17100 LI ] 0.4 {1085 0.0000 0.098  0.088 2497 300 12 0.375 0.500 0.406 0.562 0.687
350 14 14 17100 1 232 0.4 0.084 0.0000 0108 2.742 350 14 0.375 0.500 0.437 0.593 0.750
400 16 16 17100 1 287 04 0.108 0.400¢ 0.123 3,134 400 16 0.375 0.500 0.500 0.656 0.843
450 18 18 17100 1 3.00 0.4 £.0000 0,139 3525 450 18 0.375 0.500 0.562 0.750 0.937
500 20 20 17100 1 333 0.4 3 f.0000 0,154 3.917 500 20 0.375 0.500 0.593 0.812 1.031
600 24 24 17160 1400 0.4 0.162 Q.0000 0.185 4701 600 24 0.375 0.500 0.687 0.968 1.218
700 28 28 17100 1487 0.4 o189 0.0000 0189 4798 700 28 0,375 0.500
750 30 30 17100 1 5.00 0.4 0.202 0.0000 0.202 51419 750 30 0.375 0.500
900 36 36 17100 1 6.00 0.4 0.243 4.0000 6.169 900 36 0.375 0.500 0.750
1050 42 42 17100 1700 0.4 0.283 0.0000 7.198 1050 42 0.375 0.500
svhcre e normenciature used above s AGME D31.3-2016
AL L, = punimum requived wall thickiess. in.
(rom}
A 10 Hopipe s ordered by itsmomi
nal wall mmrw’:&, the manufactusing tol- Table A-1 Carbon Steel
erance on wall thickness must be taken Maxtmism Alliowable $tress Values v Tension, ksi, for Metal Temparature, <F, Not Exceeding
mio account, Atter the minimum pipe
walt thickness &, iy determined by eq. (7
or (81, this minimum thickaess shall be Spec.
iy sead oy s asasunt sl 8 Ees prrens 100 290 390 400 500 £00 650 700 750 BOO Grade Na.
vide the manufacturing tolerance
allowed in the applicable pipe specifica
o or reguitest by the process, The next Seamless Pipe and Tube
R"‘“"}“r “"’“‘:“‘;’fr“:““‘:;’.” "“‘Ck“"f‘ ;‘)"‘:“ 117 13.7 137 117 13.7 117 137 12 07 9.0 A FLEs
ey e seleckedd 1T ST CRNESS S0 e (5 < o ¥ « Y g
cuch s conteined in ASNE B36.10M or 171 14,1 173 17 188 7.1 %7.1 1 130 1.8 B
(romm paapndacturess’ acheculea for nthoy Vi Vi Vi f e Vi "y vy u s a Arus
thart standard thicknem:, . e 7 s 178 171 b7t 08 3
208 PR 2000 e 0.9 700 9.5 8.3 12 <




0 5" Fuel Oil Pipeline anntafasgumiiuuhdioudia (Main Fuel Oil Pump) 1 dasowusiy

DETERMINE PIPE WALL THICKNESS (tm)

T design = 50]C EEE
P design = 120{barg 1740]psig
A, Corrosion Allowance Oimm G.0004}inch 10%.1.2 Stialght Pipe Under Internal Pressure — (5g)
B31.1, 2016 Seamless, Longltudina! Welded, or Spiral Walded and
S (Allowable Stress) = 17.1]ksi ]For A106-B, S = 17.1 ksi up to 650 deg F (ref. Table A-1, B31.1-2016) Uperating Below the Lreep Kange

42 Minm iplores. The minimum thickness
tm - the minimum required wall thickness, including manufactuer's tolerance (12.5%), for nominal wail thickness ordered pipe of pipe weall reg rd for tem-
im=P'D/2/(S'E+Py)+A PREAIUTCS P Dy Carioss materials
im=t+A Bisteet S the AL sding allow-
t - pressure design thickness far t<D/6 :’:{” For m hamical : ot beless than that
P - internal design gage pressure Y = dfd+D for all Ferritic steels at 950F ariesmine

O - oulside diamter of pipe

S - stress value for material from Table A-1 K o
E or F - joint efficiency or casting quality factar, included in the value S, SE, SF in Table A-1
Y - coefficient fram Table 104.1.2(A)
t including mig
tolerance schedule wall pipe thickness
DN NPS D [ S Y 1 A 1(1-12.5%) im tm DN NPS 5408 5808 S40 S60 $80
inch psig psi y inch inch inch mm inch inch inch inch inch
15 0.5 0.84 1740 17100 0.4 Q.0000 Q04T Q047 1182 15 0.5 0.109 0.147 0.109 0.147
20 0.75 1.05 1740 17100 0.4 0.0000 0.089 Q058 1.480 20 075 0.113 0.154 0113 0,154
25 1 1.315 1740 17100 04 ¢.0000 0.073 0073 1865 25 1 0.133 0,178 0.133 0,178
40 1.5 1.8 P40 17100 0.4 0.0000 0,106 0106 2695 40 1.5 0,145 0.200 0.145 0.200
50 2 2375 1740 (7100 0.4 0.0000 Q133 0133 3370 50 2 0,154 0.218 0.154 0.218
65 25 2.875 1740 17100 0.4 0.0000 0.181  0.1681 50 65 25 0.203 0.276 0.203 0.276
80 3 35 1740 17100 04 0,0000 0.196 Q196 4967 80 3 0.216 0.300 0.216 0.300
100 4 45 1740 17100 0.4 0.0000 0251 §.2388 100 4 0.237 0.337 0,237 0.281 0.337
125 5 5.563 1740 17100 0.4 0.00G0 0311 0311 125 5 0.258 0.375 0.258 0.375
150 6 6.625 740 17104 0.4 0.0060 0370 0370 150 6 0.280 0.432 0.280 0.432
200 8 8.625 1740 17100 0.4 X 0.6000 0482 0482 200 8 0.322 0.500 0.322 0.406 0.500
250 10 10.75 1740 17100 04 0.5 0.0000 0.601 0601 250 10 0.365 0.500 0.365 0.500 0.583
300 12 12,75 1740 17100 0.4 0.62% 0.0004 0712 0712 18.094 300 12 0.375 0.500 0.408 0.562 0.687
350 14 14 1740 17100 0.4 0.684 0.0000 0.782 0782 19.868 350 14 0.375 0.500 0.437 0583 0,750
400 16 16 1740 17100 0.4 a.782 2.0000 0894 0.694 22705 400 16 0.375 0.500 0.500 0656 0.843
450 18 18 740 17100 0.4 0.880 0.0000 1008 25.544 450 18 0.375 0.500 0.562 0.750 0.837
500 20 20 1740 17100 04 0.978 0.0000 1T LT 500 20 0.375 0,500 0.593 0.812 1.031
600 24 24 17 17100 04 1172 0.0000 1.341 600 24 0.375 0.500 0.687 0.968 1.218
700 28 28 1740 17100 0.4 1.369 0.0000 1.368 700 28 0.375 0.500
750 30 30 1740 17100 0.4 1487 2.0000 1.467 750 30 0.375 0.500
900 36 36 1740 17100 0.4 1.760 0000 1760 1760 900 36 0.375 0.500 0.750
1050 42 42 1740 17100 0.4 2063 0.0000 2083 2053 1059 42 0.375 0.500
where the pomenslatiee vsed above i ASME R31.1.3016
fAT L, mnime regquired wall thahness, in i
{rmm}
A 1 pipe fs ondered By fis nomd-
nal WM!tm(khw!:»,,mvmunuf.‘;{!mm);ml« Table A-1 Carbon Steel
erance on wall thickness must B Laken Maximum Aliowaila Stres Valias In Tanzion, ks, for Metal Tomperators, °F, Not Exiesding
inte account. After the minimum pipe
sealdb hickewess £ i¢ determined by e (73
or {81, this minimum thickness shall be Spec,
incrsased by o aenosnd soffieient fo peo. 100 209 300 400 500 600 &350 700 750 00 Grade e,
vide the manufrcturing tolerance
allowedd in the applicable pipe spaeifiva
Gt o naguived Dy Ui process. The next Seamless Pipe and Tube
Byt esztstienidal wall ks » ?h;m o e . N7 o P Car PP o . B Anx
e b selected fromy rhuckness sehegdules . N p P N N .. y
such as contaned 0 A 5361088 or " 1 v e e i i 156 150 s #
from \x\u\mz(.\ctuw'zv:' sehedules Tor othey 1.7 117 17 117 w17 v 175 so.7 01 4 A106
thar standare thickness. 174 171 e a1 7 156 o e B
200 MG 200 0.0 20 19 152 148 120 <




APPENDIX 3D

LETTER TO ASSURE THE CAPABILITY OF WATER
SUPPLYING AND EFFLUENT RECEIVING FOR
HYDROSTATIC TEST
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APPENDIX 3E

THE APPENDIX OF NOTICE OF THE DEPARTMENT OF
ENERGY BUSINESS ON DETERMINATION OF DIESEL OIL
CHARACTERISTIC AND QUALITY B.E.2556 (2013)
DATED NOVEMBER 8, 2013
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APPENDIX 3F

MATERIAL SAFETY DATA SHEET (MSDS)



APPENDIX 3F-1

MSDS from chemical substance management
program “Chem Track” of Center of Excellence on
Hazardous Substance Management, Chulalongkorn

University
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FQEELINE ] -112 5C
AN -85 5C
arnnddia Iy Taittrana
vl Trififionn
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Copyright 1998-1999 Merck Ltd., Thailand
srdnsaudanis uy Tapa Waansalumrinedy uaznau 15491ue aamnasn

SIGMA-ALDRICH

tanstananulaaaiy
Fudvuw: 16/DEC/2004
Fuiur ludayaaqe: 13/MAR/2004
ju 1.4
wn 91/155/EEC

wnen 1 - Tayamdvaamiuazuimindauassaimu

dondasmd IRON{II) CHLORIDE, ANHYDROUS, POWDER, 99.99+%

WHAAYHEDATY 451649

uiin Sigma-Aldrich Pte Ltd #08-01 Citilink Warehouse Singapore 118529 Singapore
wailnidvvidhoinms# 65271 1089

Insan: 65271 1571
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Aandadu CASH ECno Annex | iausiuit
FERRIC CHLORIDE ANHYDROUS 7705-08-0 231-729-4 None
an1 FeCla

dwminluana 162.21 AMU

iR ON Chlorure perrique (French) * Flores martis * Iron chioride * [ron(ill) chioride * Iron trichloride *
Perchlorure de fer (French)
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A . x
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naatfinen

anazdmiumady: Dalbiatin, idunwldlulamo

aIaan N,

YIew 8 - NIAIUA NAIENE R Y N saiuduLans

manaunudainangag
dniasuiazdwdwe. Tiludaanfuaiaadviniu,
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. ot fourowtinl - e oy e
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OEL 1 mg/m3

wndoilaafuiuynna

matloadumiadumule:  wlestwuladhunsfuseslooy

ntleafudie: nuemiadmuanail.

naflesduae:  wiusmuuisnRadilesiuaand,
wuan 9 - afEmamfuasnienw
fnuiEniuuen

ANMUSN AN, Yoauda .

PNL] Kik| o punnAnian1eeu

Yo N/A
e/ UM ndan N/A
AUABHMAA NN TNRBHMAY 304 °C
sy In N/A
e N/A
anmnilande IWshunuias N/A
autdnond lad N/A
arddniaadie N/A
dadrianisanda N/A
amsula <1 mmHg 20 0C
AW/ LY 2.8 g/lcm3
Fulazaninisudeiou N/A
Anunile N/A
AR 1o 5.61 gl
atiudulossvusiadiudy N/A
daniTizy N/A
awmninluanvailungudau (bulk density) N/A
anuniEaaue N/A
Fadmarssaniaeain N/A
daduyonh N/A
WG N/A
main Ivsh N/A
FanmUaaia N/A

REGTRII] N/A
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e 10 - auad uinaza N ed b Dilhfikiig

aruaafiyl
[EHITNCHITER
arinrmindus: deendladiun, tAevesdauiztaléiu: Tndu, Twuvmdua.
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Trdusa s lnardudiflug

\aealdl
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winan 11 - Fanamainine

wyaman RTECS: LJ9100000
‘i uumdu

LDLO

ythn

AWAMTY

4 ML/KG

Taduna: Yoa, niwan, uazssuumula: Dyspnea. suumadine s aduld sndoi. anzmelnmnnsuasumueé
dulaurne nﬂm#uuuanaq Metabolic acidosis.

1.D50
win

wu rat

450 MG/KG

LD50
wwhn

vy mouse
895 mg/kg

1.D50

Tuvaoaifionsn

Wy mouse

58 MG/KG
doduwazainiimesn 1ldiuans

magaanarvinbiiAan main Javeandwuiio sy nsuaiies larynxand bronchi, chemical pneumonitis uaroINTs
vmhddea. amiifinainnmg ldduarsiee ldun fAnuaudou, To, wwlafiidiny, wassaneauuudniay, wulad, tha
Weiuld, uazoudou. mwineliinasun Moot iowsade ieuian, uuw-mcxumu'lvdmuu @, HAZAIN. N1 Lol
‘lLIEn‘nJ1“nBLIW|’ImnmnLﬂIJ’T\N'11nnﬂﬂ‘iauluﬁun1"\w’\“lm:iﬂﬂﬂ uauawvn'lvuﬁnm-xmu-uaqmmun niznzngg, wazdt 1§
du. mmedultuunawda baiowdsaina e lseinmaduleéu, doeeiie, ondun, aduld, sndowiiudon, wisan
wnfiowininfiuduiiuaamaiodlue wienatwiu fhuavdssruntis metabolic acidosis 'LTn uazlndh, Tmumm’fau
wmmummnwuumummmumu\ﬁuuwnwﬂq'nm1nm'1v«ﬁ4unmmmukuuaqmnmm1'[mhmﬁmnurnu iy dalalid
manTesaumEmMangd, nedwmu, uazmeisinoiadhaaz Soaddou.
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MIgANN: a-nﬁvi'l'lﬁlfiatﬁa'uaqtﬁmﬁanua:u‘n1nmmﬁuvnu'lvd':uuuqnvhmuau‘wﬁ,mn«amn. puiuduamominganu,
manfufiu: iuduanodoniusu.

maldfuarsuumie f - suaiuse suuduiug

afld: wy rat

Unadrmualuthaam: 12976 UGIKG
1nm‘.{lv1;nm Tudmme

VA I8 Fum s (1 Su iweed)

wa: HanIMusiadWa: nasuaunIa el (Tmden natuanss, nansadiesiiegd, manfoud, nazswaw).
uanIzvUsiasavie: Sumz, waaaiend, vievnams.

afld: wu rat
Usnmdimualuthann: 29 MG/KG



Savmabians Tudeanaen

i ldfum; (13 riaueen i)

ua: upsMRYSRUE Msssroumanio (tunisaavesiwudalandiosnmagi; Suudsidandiusee corpora
lutea).

e 12 - fayaidatiiaml

Triiidama.

Wuddaidanimgsiudarmnnded ud ifuduiniutayainsuduanysol uasdslidaihuuamasiniu. danrmlu
wnmstnnnaAdedludsaiu waz i lsrurdnsue oo sznoudupsssdn el nrndaanivAmean, T ldimunts
7U1J6.,nuqmauuv1'1m A vaudnimd. ui¥n Sigma-Aldrich n:‘hhuw'lﬂmmumu'lﬂ | mﬁmumnmﬂﬂuumnmmmn
astadu. Wamimasadluderaamfeudunsuisa sdmiuienusiudnuaz fermuaniting, auduEvE 2004
w3tin Sigma-Aldrich. synaldduun lsaiasmiumsldnolwvindu,

Tagrianuiudetay

dmiumsiivasamuvinin, Lilwldiue Tudwbeu viake Tanlssaddu .

a . a
IO 13 - S IMIANIN AR

nafi1deans

Tumardaasdaday liuimamdauzdailudsznovmdw. asamwienanmanudaviazanuda Tt lduazenlweannes
ifadadanfaannhaomsnfusuisamaiunazindeadan. Iiaesoudmirududaedonuot fsuanma, 43 uaz
Vo,

o Y 4
WHAGYT 14 - TolanTTIURY

RID/IADR
UN#: 1773
Uszaon: 8
PG:

derldlunsvuds: wedinaasled, uoulonda
mgay IMDG

UN#:. 1773
Usziow: 8
PG: W

dovilalunsvuds:  wasineas lsdl, uoulaada
wanwsansa W
wanmzdensatuunss W
1ATA
UN# 1773
Uszinnm: 8
G i
doflitunrsouse  iMesinman e, usulaonsa

miussuuileafuduasnninnisanannaai 1. d

= ¥ o o v .
WHIAR 15 - Wi arinue

pradmun Iz uezn ideaainadtiiues EU

dalusnanmiludua e C
fianyau.

R: (1ffvidunisilasaniy) 34 22
m'lmnﬂuuﬂmq Huduasoidandudu.

ﬁxﬁmnumwﬂaamnu) 26 27 36/37/39
'lumnmnnvn Tl Bnaunndaesniud uazdSneuemd. ceadechiidousisoaniud, awmumilaaiu, nalo uax
nFeaflegiuaiimiitsngan,

Faumarzuealann
wamd

WGK: 1
ey aduaud

damnvanuludsyesaiaraiuaud: 3

of v Pl
Wiav 16 - danadun

nafudagd

Tdralin muapnmusshulum adiog W liesneadudmssen usaanu
mau"‘nmuaanmﬂu’\ﬂq Wigvenhaiiu 'ﬂqlmﬂwﬂmv-‘uummﬂ
sudndilani no vasavnaan b inndu



MATERIAL SAFETY DATA SHEET (MSDS)
Sodium Hydroxide (50%NaQH)

Renctivity |

Personnl
Lratection

Material Safety Data Sheet
Sodium Hydroxide, 50% MSDS

Section 1: Chemical Product and Company Identification

Product Name: Scdium Hydraxide, 50% Contact Informatien:
Sclenceiab.com, inc.
14025 Smith Rd.
Houston, Texas 77386
US Saies: 1-800-901.7247
inferngiional Sales: 1-281-4471-2400

Order Ontine; Sciencelab.com

Catalog Codes: SLS3127, SLS4549
CAS#: Mixiure.
RTECS: Not applicable.
TSCA: TSCA 8{b) inventory: Sodium hydroxide: Water
Ci#: Nol applicable.

CHEMTREC {24HR Emergency Telephone), call:
1-800-424-9300

Intesnatlonal CHEMTREC, cati: 1-703-527-3887

Synenym: Sadium Hydroxide, 50% Solufion
Chemical Name: Nol appiicable.

Chemical Formuta: Not appiicable. For non-emergency assistance, call; 1-281-441-4400

Section 2: Composition and Information on Ingredients

Compasition:

Name cas# % by Waight
Sodium hydraxide 1310-73-2 50
Water 7732.18.5 50

Toxicological Data on Ingredients: Sodium hydroxide LDS0: Not available, LCS0: Noi avallable.

Section 3: Hazards ldentification

Potentiat Acute Health Effacts: -
Very hazardous in case of skin contact {carvasive, Iilant, permealor), of eye cantac! {iritani, corrosive), of ingestian, . Slighily
hazardoys in case of inhafation {fung sensilizer). Liquid or spray misl may produce lissue damage particulary on mucous
membranes of eyes, mouth and respiratory {raci. Skin contact may produce bums, inhzlation of the spray mist may produce
savere iritaiion of respiraiory tract, characierized by coughing, choking, or shonness of breath. Severe over-exposuze can
result in deaih. of ihe eye is by redness, walering, and itching. Skin inflammatlen is characterized
by fiching, seafing, seddening, ar. occasionally, biislering.

Poteniiai Chranic Health Effects:

CARCINDGENIC EFFECTS: Not avallable. MUTAGEMC EFFECTS!: Not available. TERATDGENIC EFFECTS: Nol avaitable,
DEVELDPMENTAL TOXICITY: Not available. The subslance is loxic lo fungs, Repeated or prolonged expasure o the
substance can produce 1arget organs damage. Repealed or prelonged contact with spray mist may produce chronic eye
jrritation and severe skin irdlation. Repealed or prolonged exposuse o spray mist may produce respiratory lract Imlatlon

t

teading lo frequenl attacks of hronchial infeclion. Repeated axposure o a highly loxic malenal may produce general
deterioralion of health by an accumulalion in one or many human organs.

Section 6: Accidental Release Measures

Section 4: First Aid Measures

Eye Contact:

Check far and remave any contact lenses. Immediately lush eyes wilth running waler for al least 15 minules, keeping eyelids
epen. Cold waler may be used. Get medical altention immedialely. Finish by rinsing thoroughty with running waler (o aveid a
possibie infectian.

Skin Contact:

In case of conlact, immediately flush skin with plenty of waler {or al least 15 minules while remaving cantaminaled claihing
and shoes. Cover the irilated skin with an emeliient. Cold waler may be used,Wash cloihing hefore reuse. Thoroughty clean
shaes before feuse. Gel medical allention immedialety.

Serious Skin Contact:

Wash wilh a disinfeciant sosp and cover the skin with an anli-b: ial cream. Seck jaie medicat
altention.

inhatation:

{{inhaled, remove {o Iresh air. If not . give arfificiat iration. if s difficull, give oxygen. Gel medical

atlentian immediaiely.

Serious fnhafation: -

Evacuale the viclim o a safa area as socn 3s possible. Loosen fight ddoihing such as a coflar, lg, belt or waistband, if
breathing is difficull, administer oxygen: If the victim |5 nol brealhing, perform mouth-lo-mouth resuscitalion, Seek medicat
2lienlion.

Ingéstion: .

if swallewed, do not induce vomliing unless direcled to do 50 by medical personnel. Never give anyliing by mouth lo an
uncenscious person. Loosen ghi ciothing such as a collar, lle, balt or waisiband. Gef medical altenlion immedlately,

Serious Ingestion: Not available,

Section 5: Fire and Explosion Data

Flammability of {he Product: Nen-lammabtle.

2 Nat apgp!

to-{gnii
A g T

Flast Points: Not applicable,

Flammabia Limits: Nol applicabie.

Producis of Combustion: Nat avaliabie.

Fire Hazards in Presence of Various Substances: Not applicable.

xpiosion Hazards in Presence of Various Substances: Non-explosive {1 presence of open flames and sparks, of shocks.
Fire Fighting Media and Instructions: Not applicabie.

Speciat Remarks on Fire Hazards: Nol availsble.

Spaciai Remarks on Explosion Hazards:

Sadfum hydroxide reacis {o form explosive producis with ammaniz « siver nitrate. Benzene exiract of allyl beazenesuifanate
prepared fram aliyi alcohol, and benzene sulfonyt chiorde in presence of aguescus sedhum hydroxide, under vacuum
dis@lation, residue darkened and exploded. Sodium Hydroxde + impure lelrahydrofuran, which ean coniain peroxides, can
cause serlous explosions, Cry mixiures of sodlum by ide and sodium ieirahy fiberate hydrogen explosively at
230-270 deg. C. Soaium Hydraxide reacis with scdhum sait of trichioraphenol + meihyt aicohol + Lichigrabenzene + heat ta
cause an explasion. (Sodlum hydroxide)

Smalt Spill:
Offule with water and map up, or absarb with an Inent dry material and place in an appropriate waste disposal container, if
necessary: Neutralize the residue with a diule zofullan of acefic acid.

Large Spilk:
Cerrosive liquid, Poisonous Hquid. Stop Jeak if wilhout fisk. Absorh wilh DRY earth, sand or olher nan-combuslible maierat.
Oo noi gel waler inside confainer, Do nol louch spiled material, Use waler spray curain lo diverl vapor difl, Use water spray
1o reduce vapors. Prevent entry inio sewess, basements or confined areas: dike if needed. Call for assisiance on disposal.
Neutrafize the residue with a dilule sofution of scetic acld. Be carefui that the productis not present al a conceniraiion level
above TLV. Check TLV on the MS0S and with local auhorilles.

Section 7: Handling and Storage

Precautions:
Do nat ingest. Do not brealhe gas/fumes/ vepor/spray. Never add waler lo this praduct. In case of insufficent ventifation,
wear suitable respiraiary equipment. f ingesled. seek medicat advice immedialely and shaw {he conlainer ar the Jabel. Avoid
contact with skin and eyes. Keep away fram incompatibles such as oxidizing agents, reducing agents, melals, acids, atkatis,
moisture.

Storage: Keep cantainer tighlly closed. Keep confainer in 3 caol, wolkventilaled area.

Section B: Exposure Contrdis/Personal Protection

Englneering Controts:
Provide exhaust veniiiation or clher engineedng conirols to keep the akborne concenirations of vapors below their respeciive
threshold fimit value,

Personai Protaction:

Face shield. Full sull. Vapor respiraior. Be sure lo use 20 appr X7 Gloves, Bcots,

respiratof or

Persoaal Protection in Case of a Large Spifl:

Splash goggles. Full sull. Vapor respiralor. Beools. Gloves, A seif coniained brealhing apparaius should be used fo avold
inhatalicn of the product. Suggesled proteclive cicibing might not be sulficient; consult a specialist BEFDRE handting this
product.

Expasure Umits:

Sodium hydroxide STEL: 2 {mg/m3) from ACGIH {TLV) (Uniled States} TWA: 2 CSiL: 2 {mg/m3) fram OSHA (PEL) [United
Slates] CEIL: 2 {mg/m3} from NIOSHCansult iocal autheriUes for accepiable axposure fimils.

Section 9: Physical and Chemical Properties

Physical state and appearance: Uguid.
Qdar: Odoress.

Taste: Alkailne. Bitler, {Strong,)
Molecutar Waight: Mot applicable.
Catar: Clear Colorfess.

pH (1% salnjwater): Basic,

Goillng Point: 140°C (284°F)

Melting Point: 12°C (53.6°F)

Criticat Temperature; Not avadable.

0.3




Spacific Geavity: 1,53 (Water = 1)

Vapor Pressure: The highest known value is 2.3 kPa {@ 20°C) (Water).
Vapor.Density: The highest known value is 0.82 (Al = 1) (Water),
Volatilily: Nol avaitable.  *

Odor Threshold: Nol available.
Walae/Oll Dist. Coelf.: Nol availabie.
ionicity {in Water}: Not available.
ispersion Propacties: See sofubilily in water.

Solubility: Easily sofuble in cold waler,

Other Toxic EHects on Bumans:
Exiremely hazardous in case of i {lung ive), Very
permeatan, of eye contact {corrosive), of ingeslion, .

in case cf skin contact {corrosive, lreilant,

Special Remarks on Toxicity to Animals: Nol available.

Speciai Remarks on Chronic EHecls on Humans: invesligation as a mulagen (cylcgenetic analysis), but no data available,
{Sodium hydroxide)

Special Remarks on other Toxic Effecls on Humans:

Acule Polenlial Heailh Elfects: Skin: May be harmiut if absarbed through skin, Causes severe skin irrftation and burns. May
cause deep penefrating ulcers af the skin. Eyes: Causes severe sye irrilalion and burns. May cause chemicat cenjunctivilis
and comeal damzge. Inhalation: Harmful if inhaled. Causes savere irritaticn of the respiratory Iracl and mucous membranes
with coughing, buins, brealhing difficulty, and possible coma. irsitalion may fead lhe chemicai ppeumonilis and puimonary
edema. Causes chemicai burns lo the respiralory Iract and mucaus mambranes. Ingestion: May be falat if swailowed. May
cause severe and permanent damage o the digestive fract, Causes

Section 10: Stability and Reaclivity Data

Stability: The product is stabie.
Instabitity Temperature: Not available.

Canditions of insts bility: Sxcess heat, isle matesials, isiure

tncompatibility with various substances:
Reactive with oxidizing agenis, reducing agenls, melals, acids, atkafis. Sighily reactive wilh waler

Cotrosivity:
Extremely corcasive in presence of sluminum, brass. Carrasive in presence of copper, of staintess sleel(204), of stainless
steel(316). Non-carrosive In presence of glass,

Special Remarks on Reactivity:

Hygroscopic. Much heat is avoived when solid matesiat is dissolved in water. Therefors cold water and caulion musl be

used for this process, Generates considerable heat when a sodium hydroxlda solution is mixed with an acid Sedium
nhydroxide sciution 2nd ocianel + dibarane during a wark-up of a reaclion mixlure of oxime 2nd diborane in letrahyrofuran

is very exothesmic, a mild explosion being noted on one occassion, Reactive with waler, acids (minerat, non-oxidizing, e.g.
hydrechloric, hydrofiuoric acid, murialic acid, phospharie), acids {minerai, oxidizing e.g. chramic acid, hypoeblorous acld, nilsic
acid, sulfuric acid), acids (organic e.g. acelic acld, benzoic acid, lormic acid, melhanoic acid, oxafic acid), aldzhydes (e.g.
acelaldehyde, acrolein! chicral hydrate, (eq. , carbofuran}, eslers {e.g. bulyl acetate,
sthyl acetate, propyi formate}, urg:mcs dib melhy! chiaride, irichloroethylene),
isccysnates (e.g. mathyl isocyanate), kelnnes {acetone, acetophencne, MEK MIBK), acid chicrides, streng bases, sirong
oxidizing agents, sirong reducing agenls. Tammable fiquids, powdered matals and mefafs fi.e aluminum, fin, zfne, hafnium,
raney nicke!), metals {alkall and aikafine 2.9. cesium, potassium, sadium), metat compounds (loxic e.g. berytium, lead
acelate, nickel carbonyl, lefragihyl fead), mitrides (e.g. potassium nilide, sodium nl(nde) nilriles (e.g. acelonitiie, meiny!
cyanide), nilto compounds {organic e.g. nilsi it h: acelic . ydrin,
:mcrnsullcmc acid, elhyiene n:yanuhyarm glyoxal, hydtosulfuric acid, ofeum, L
. cyanogen azide, 1,24.5 - Reacis
mm furma!denydz hydroxld: io yield formic acid, and hydrogen. (Sodium hydroxide)

Speciai Remarks on Corrogjvity: Very causilc fo aluminum and olhes melals in presence of maisiure,

Paly merization: Wili not occur.

Section 12: Ecological Information

Ecataxicity: Not available.
8005 2nd COD: Nol svaliabie.

Froducts of Biodegradation:
Possibly hazardous shorl ferm degradation products ar2 not ikely. However, iong lesm degradalion products may afise.

Toxicity of the Praducls of Siodegradation: The producis of degradation are less loxic than ihe producl itsetf.

: Nol avaiable,

Special on the of Biodeg,

Section 13: Disposal Considerations

Waste Disposal:

_Wasle musi be dlsposed of In accordance wilh {ederal, state and local 2nvironmentat canirof regulations.

Section 14: Transport information

DOT Ciassification: Class 8: Corrosive matadal
{dentilication: : Sodfum hydroxide, solulion (Sodium hydroxide} UNNA: UN1824 PG:

Special Provisions for Transpod: Not avaiiabie.

Section 15: Other Regulatory Information

Section 11: Toxicological Information

Routes of Entry: Absorbed through skin. Dermai contact. Eye contact. fnhalation.

Toxicily to Animals:
LO50: Nal available, LC50: Nal available,

* Chronic Effects on Humans: Not available,

p.

Federal and State Reguiations:

Htlinais toxic 1o yee acl: Sodium hy ltincis chemical safely act: Sodium hydmxldz New
York release (epnrlmg JIst: Sodium hydroxide Rhnde island RTK hazardous : Sodium hy i
RTK: Sodium Sodium RTIC: Sodlum hydroxide New Jersay: Scdlum hydroxide

Louisiana sl regoriing: Sodlum hydroxide TSCA 8{b) inventary: Sodium hydraxide; Water CERCLA: Hazardous substances.:
Sodium hydroxide: 1000 Ihs, (453.6 ko)

Other Reguialions: OSHA: Hazardous by definiion ol Hazard Communicaiion Standard (29 CFR 1910.5200)‘

Other Classiflcations:

WHMIS {Canada):

CLASS D-2A: Material causing other loxic effacts [VERY TOXIC). CLASS E: Cotrosive figuid.
OSCL (EEC}:
HMIS (US.A):
Heaith Hazard:'3
Fire Hazard: 0
Reactivity: 1
Personal Protection:
National Fire Protection Azsociatian (U.S.A.):
Health: 3
Flammability: 0
Reactivity: 1
Specific hazard:

Protective Equipment:
Ghaves, Full suil, Vaper respirator. Be suse lo use an agp: is or equi |, Wear iate respirator
when venifiation is inadequele, Face shield.

Section 16: Other information

Relerances: Not available.

Other Special Conxsiderations: Nol avaiiable,
Created: 10/05/2C05 D6:32 PM

Last Updated: 1101/2010 12:00 PM

The informalian above is belleved {o be accurale and represents the best information currenily availadle fo us. Mowever, we
make o warranly of merchantabidly or any ofher wamanty, express orimpiied, with respect lo such infomaticn, 3nd we assume
ne Sabiiily resuliing from its use. Users should make {heir own ipvestigalions lo defermine Ihe suitabifily of the information for
heir particular purposes. In no event shall Sciencelab.com be Jable for any Claims, losses, or damages of any third party or for
last profils cr any special, indirect, incidental, consequantial ar exemplary damages, hawsoever ansing, aven if Sciencel.ab.com
has been advised of the possibilty of such damages.
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APPENDIX 3F-2

MSDS of Polymer



MATERIAL SAFETY DATA SHEET (MSDS)
Polymer ( KURITA C3310)

MK GOSHU KOHSAN CO., LTD.
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Material Safety Data Sheet
of
Polymer , Kurita C3310
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SATETY DATA SHELRT
Company__ICURITA WATER IBUSTAIES LTD.
Brandname KURITA C-3330

e et

Doie af issue s 0171177997

L Chemical characterimtion 5

Anlonic Poiyacrylamide CAS. Ne.25987-30-3

Freezing Point

2.2 Density {25 o)
DButle gensity (o
23 Vapour pressure

(20 <) not appiicable

1.4 Viscosity (0.1 % sohution) {20 ¢} nat applieable
2.5 Solubility in water ¢ sofuble
Limited by viscosity Forms Cel
1.6 P} valoes (0.3 % colution) (25 ) 6.5~10.5
27 Flash point: (non-fammabis solig) pot applicable
2.5 *gnition tempernture : (non-flammphie solid) nol applicable
2.9 Explosion Hmits Lower: - Upper: -
.10 Thermol decomposition by reease of harmiut vapons
Ly

Hazardous decomposition products Formafion ufarbumnonuxidr,

212 Haznrgous reactions with strony oxidizers.

1.13

Further Informotion

Aceording lo general regulations the furmlation is not n danperons substance.

DINSI900 - The ydia riven bere ore bosed on curcent hnowiedge and experlence.

F-AR-49

1.2 Form : Powder 13 Colour - White L4 Odour :
2. * Thysieni data nnd safety data
2.1 Change in plrysico} stnte

carbbndioxide, Ammonin,
Hydrogen chloride ond Nitrogen Oxiy

Transpart GGVYSee/MDG-Code: UN-N ICAONATA-DGI: -
GGVIIGGYS: riafadr: - T ADNR: -
Other Information: }
The preparation iseif s not Hinited by transport regulatigns,
O 1'1!_!{cl|c:x1ic:l'_§}:cl[ Mz s pne year upon recelvin dafe.
£ - Regulations K e T o T

Slight ammonieal odor

Tested §n nceordance with :

gimi.

gml.

ez 34 combuzdan,

SETANGAIOV.Y?
TR-5CN00-042

Q7385-53103-1601

Brandname ICURITA C-331D

Empty used containers complefely,wnzh with water, dispose tontabners exchnding possible rauses,

6. Measures in case of accidents and fres

6.1 Afler rpilhgej}mlm;n/gn: lenla Wear profective elothing.Exhaust dus(s‘CIose. drains.Gather Inrger
mmounts of the produet.Cover restdue with and adsarbent,tnke up by mechanical'mecans and hold produbt for yeagte

disposal as dlscribed In chapter 5.5

6.1‘Exlinguishing media Suflable: Water spray,Carbongdioxide, Dry chembesi Foarn,

6.3 Mirst mid

Eye condaci: After zeparating the eyelids Mush with copivus smovnis of water, contact an peulist I frftn-
Han persists. Sldn conlacl: Remove confaminafed dething, txle & shawer, carchiily wash nflected shin with
3onp and plenty of watcr. Ingestion: 11 nffected persun is canscious Induce yomiting(safety water xtimulus
of uvuin),talte care for mediea) observaion,

6.4 Further Information

7. Information on foxicity ;
Arute oral toxicity (movre) LD(S0) > 3,500 mpg/icp.
Contact of the powder with sldn or cyes can cavse Hohing and skdn stightly redden.

0. Information an ecologion] cifeets

.
Never release coneentraled product fo the environment. Neuirallze poiluted wastesater

Uefore its release into
the draing,

9. Turther mformation

L

5. Proteciive measures, stornge and bandiiing )
5.1 Technlcal protective mensures Store product in tightly closed coninners in o coel, dry and ventitated
area. Exhous dusis diveetly st origin of formation. Frovide eye inth at the warlking place.
5.2 Personnlprotec  Renspiratory dustmash® Eye protection: ehem.-saf, gogpies
tive equipment Fand protection : gloves Other: :
“In case ol delectabie slrhome concentrations,
5.3 fndus. hyglene Do wiot ent, drinkt or smolce al the working pioce. Avofd any direct contact with the product.
. Never breathe duste. Change © innted clothing i Jiately.
5.4 Wire/Explosion prot- The product Iselfs is not fiammable. Coordinaf(e personal profective clothing and
extiopuishing yoedia ncoording with the ense of fire Colieet 2l cenlaminated water Is containere ang dispose
loal regulations, K
5.5 Disposal Durn the material in s lncinerator equipped with snd after burner and n serubler. 1

e )
The datn glven Jkere do not signify ony warranty with regard 1o e products' propertics. S5.TANCNDV.97
 TD-5C33100-01)

1-AB-50 07385-53103-1601




APPENDIX 3F-3

MSDS of RO Antiscalant



MIATERIAL SAFETY DATA SHEET (MSDS)

Kurifloat K-330 (Anti Scale)

HHCE Rt sngy - ¢

KURIFLOAT 1£-330

e
B b T '

Chm ) !‘F::'L*F i
APPLICATION TYPICAL PROPERTILS l-l"-“;nn ;,mgs 5@ '

EuiliNeals Nao, 2avaT

JOURIFLOAT K-330 e a specinlly developed 1) Maia lngredloit :
antt-seatant for bracldsh wafer reverse osmosis. Polyphosphate palt !
It secves the fuscllon o prevent nrduess reale nnd polymar
precipitation such ns CnCO3,Ca804 BrS04, 2} Appearance t i
ete. on ibe membrans surface. White solid or floles H

3} pH (1% solution) |
5515 i
FEATURES ;
HANDLING AND STORING
URIFLOAT K-330- displays good seale ’ |
Inlibition effect especially for bartum and 1) Profect the fuco and hands with :
strontium salts la [eed water. Il also inlbits ' a maslc and rubber gloves to avoid
the deposition on the wembrane surfnce . direct contoel with
Efect of Udn noti-scolant incgely depends KURIFLOAT IC-330. In case of
on the eltuntlon of Uie membrane surfnce. direct coninct, wasli the
All membranea must always bo cleaned for contagious aren (horoughly with .
Vetler tflect. ruoning water,

2) Blore HURITLOAT ICG330 i conl

USAGE and dry pinee sinco it shows
excellent hygroscopic porperty.
1. Feeding dosage of ICURIFLOAT I(-330 {5 ) Keep KURWLOAT IC:330 in Uie
about 2-6 ppm.agnlnst R.O. feed water. daxk plnee to nyoid direct sunliglit. ,
1. Dilste KURIFLOAT X330 with permenie 4)  This chuemlenl's shell life J& oue
watsr (o {he concenirntion vot wore than 5% yenr upon recelving date.-
soiuflon, This solution should be freahly
prepared within 3 days for elfecllve acale EACKING
{nbibkfon,
20 g box
i
KURITA WATER INDUSTRIES LTD. SSTANG.NOY. ’
) TD-CKDIN0-04A
ADDRESB 4.7, Ninhi-8hin|uls 3-chomo, Shinjuku-ku, Tokyo 100, JAPAN

Tolephone : 03-3347'3101 Faosimite : D3-3347-3004 Telox ¢ 2324687 M;ZTTDK o
KURITA-GIK CHEMICAL CO.,LTD.
ADDRESS 460 Moo 17 BangphH indusirlel Estate, Bangphl, Bamutprokam 10540

Tolephona : 316-2300 { 10 Unos) Fax: (662) 315.2301-2 . !




SAFETY DATA SHEET

Company

KURITA WATIR JINDUSTRIES LD,

Brandname

TCURIFLOAT X-330

1.1

Chemioil cinracterization :
Fermulation base ou Polyphosphate salt nnd polymer

TWA (DUSTS } ¢ 10 mg/ni3

12 Form ¢ nt 20 ¢ Powder 1.3 Colour :"White 1.4 Odour :
2. Phystenl data nnd gafety dnin Tested In pccordance with ¢
1.1 Clinuge in physteal slain
Polut of decomposition .200 c
[
¢
2.2 Deasity (20 ¢ - g/ml
Bull density (20 ) kg/md
1.3 Vapouy pressusre {20 ¢} nat nppleubls mhar
2.4 Viscosity ¢ (20 ¢) not applicabie
2.5 Solubillity In water s (20 €} o dnin h
In most of the usun} orgritie spivents insoluble. |
1.6 pli vrlues (at 10 g/} 120) (25¢)5.5+-1.3
Flnsh ;)nillt 3 nut npplieable c
X jgnitfon {emperature: | nol npplicabje c
{29 Explosion Umits Lower s~ Upper:z -
.10 Thermni décompml(lon by relense of harmlul vapous
A4 HaZardous decomposition produels: Formatlon of earbonmdnoxide and carbondi{oxide at
combustion.
2.11 Hazardous reactlons witli strong ncids and strong reducing ngents.
2.13 Further informallfoa « Theproduct ia used o5 2 seale iphibitor for ROvater
sysiems.
1tis dosed in very low concentrations (ppm-range).
3. ‘Cransport GGVSee/IMDG-Code - UN-NO: - ICAOATA-DGR: -
GCVLE/GGYS: - tlafadr: - ADNR: -
Otber information:
The chemjcal prepamntion is not limited by (ransport reguintinas.
This chemlend's sliell {e Js one year npon recelving date.
. Regulntlons :

DTN 52900-The data ghves here are linsed nn curreat inowledge and expedence.

SS5.TANG/JAN.'98
TD-51€03300-014

Brandname  WURIFLOAT K-330

5. Profective measures, stomige and banditivg

5,1 Technlcn! profective mensures

Starc product in tighdly cesed containces la a conl; dark and veutllated area. Tnetatl spllinge

contnbiers. Exhsust vaponrs directly at original of formation. Provide eye bath at (he wodlung phice,
5.2 Tersonal profec- Respiratory dustmasit* Eye protecton: cliem.-af; goggles

{lve equipment Jand protection @ glover Otler

*iy case of delectable alrberno concentrtions.

5.3 Indus. hyglene Do not eal, drinlc ur sioke at lhcwuridng place. Avald any direct contict with the rroduct.

Never breathe vapouss. Change contaminated clotuing Immedinfely.

5.4 Flre/Bxploslon protection Coof drunss cxposed to {he fire wlti water spray. The product Haelf s nat Inflamnable
Coerdioate persanal protectivo equipment and fire-fighting weasures to the ense of fire.Coliect all contaminnfed wnter

in contniners and dispoge according to jocal regulntions. .
5.5 Disposal Dispose product accordlng (o local regulrtions. Enpty vsed container completely,ringe with water,

dispose conlalners excluding possible reuse.

6. Measures In care of rocideats and fires

6.1 After splllage/loaltapeigns leahage Wear protective cloflting. Exhanst vapours.Close drains. Pump ofl Iargor
fimounts ol produets.Cover residue will an adserbanttoke up by mechnnien] menns hnd hold for wasig disposal as
deseribed ia ciapter 5.5,

.2 Exfingulshing medla Soitable: Water spray

Not to be used:

6.3 Firstald

Eye contncl: Af(er separating the eyellds fhush with copious amounts of vater, contnct an veufist iF biritas
tion persiste. Skin contact: Remave contamlnnied :lutl'ﬂng, {aka & shoyver, carefully wasl alfected skin with
sonp and plenty o(water. Ingestion: If niTected person o consdous give cupions amounts ol wafer ta driok,
immediately (nle care for medical observation. Jnhxinton: Remove allected person § dintel,
{ed nren, If inconvenfente persists contact » physiclan.

6.4 Furlher Infos

+

y rom coni

7. Infermaffon on foxkcity
Phospbate :
LD (50)p.osrut : 7400 mglkg (LIt 1}

Dusts my lrritate the eyes ,{he skin and tke uppér resplratory
tract (LI 1)

. Information on ccofogiond effects

=

Never release concentrafel product to the enviconment. Neatralize polluted wastewn(er before ils relense lnto
the drains,

Flslttoxleity of KURIFLOAT IC-330

LD (50) 1Nt /24 Birx. : > 140 mgfl

1.D (50) Ki}fish /48 hirs. 1> 110 mg/L

. Further Information
Lit 1 : Reglstry of Toxio Effccts of Cliemical Substnuces 1905/06.

>

S§S.TANG/JAN.'98
TD-SKB33D0-014

The datn given here do oot sigaifly any wrrranty with regard to the prodacis’ properiles.




APPENDIX 3F-4

MSDS of Oxygen Scavenger (Elimin-OX)
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vavsEuAULuRL
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aunila(50 wasdidue)
(Dadniu/Alaniuuay
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48 Draize:

Fuuudnsasns HAGT s
VORDY:
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HANTENUGaNITAUWUS :

aa i lddnannudlunssatsuudiniug
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sjimautﬁumﬂiuu‘lﬂuv\maﬁ 2 uay 12

anuurua Fuesiudauy
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Concentration
50) Auan
ardiui
BavAEvia
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WAszmeleidng

Uanugiaduily 96 hrs (Lethal 190 mg/i HEnSOL
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50) finuan
arutiluig
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lavasasiafi ;
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uagadaibiiinsugndunduisioundu ; maaiouviaiagiamainayldfinsasauniedinimw
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L EMUGEVED]

ANwoEdunNIRa LIRS
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auiluf .
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;
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50) fua
m)wmﬂuﬂnw TansEmsdunuiiusasinosnhdsasmenumsdimda
SAUE
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N?;g;w?: — = = . s dafoduuvivnng, riavde
afldd (ullo, osvqa) %‘"‘7 UAS MU m nEnEaEMVIaSaU mamﬂamuuauoﬂuqmmwﬁummaan 2005 (Environmental Quality (Scheduled Wastes) Regulation 2005) uas
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Apduduuannd, fanllf
mnmﬁumnuauunu Environmental Health Act (uw 95 2audu 11), Environmental Public Health (ue¢1390u
A0 MNTS umﬂuﬂu) il 1990

ssilouude1nd, Ussimelvg:
Rt aalﬁu‘twtﬂu‘lﬂmuﬂnn'muau NIENTREAFTUNTIY
.. 2548 dav *msidednline wiaTagdlilduay”
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14 [ aayafmdunisauds
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AsaudInIIun .
ﬂaﬂqnm“aa‘tumsuuda : HdaAyilLlgnaiuAuuaeruta
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wudafulaatung Central Motor Vehicles Rules 1989

TaroAuwuars, e e
Wiidadedunasisunaarslumsvudvaisiail Wi RdNgn

datoAuurang, faUTud

vudsiullanuwszsningadingwne (demnseuvllldld) salid: ngwinaslussdungwfnmnman 1185, 1977
("sWRlzasfl§uilud") ussmsldnguazdatody; nguwnelussdunnufniminaiay 856,1975 ("sWagunfiva®);
ROWNL WIDLaD 6969, 1990 (“ngwinomuauainiuirusrozdussouastorlnedos”) uarnisldnguas
dafaAy

daoruwdezd, danTuf
mmudamuumﬂu‘lﬂmunaﬂ‘aFTumsmuanuawmuﬁuumaau qdumsnn 111999 el mraasionnas
asnAdaudmivasdunse-uiassiudoaiyf 286 (1984)

sullauinerng, dsuveino:

mspudeaswailfiasaaafiulyau "wir fagduase w.a. 2535", Usznansemieansiage Bad "msdaihaiify
uavs“mumﬂmﬂuﬂuua\ﬁ’mqaumﬂumu"mmmmﬂlmﬂauuaaammiawmua 67 ¥,6.2534" uazdsznisvag
AsUAFTUAI VLN Ba ! mso'\m']-mmrmnaammmnﬁmudnmqﬁumﬂn" afudl 14 Wasdmou w.a. 2543 (14
wWoAsniou 2000)

nsrudevaInTa (aedmsnisiun afaussunilsina /anausudanainAszuitodisnea) (International Civil
Aviation Organization / International Air Transport Association )
favigneastlumnuds ; uiafniillgnaunuunisaugde

Msuudanenua (avdnsnudiRudAlIdunsiomansiaseninlsand JasadmsnnstasswiOelssnd)
(International Maritime Dangerous Goods Guide / International Maritime Organization)
avigngialumsuush © . wénfoillgnaiunuaaeaud
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$24/25 - n&ndoamsdudaiuAmiliuasviyaaan
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528 - lunsdldsudagnamily Tisrestnaddsdashoiaaindnumanniudt
537/39 - amldqeflanasiiuai/ mhnin Mg Wamsilaaiu

Adativduszuiedssna

mMsdaseeiudunsiosas NFRA
FUAW ¢ 2 AT 0 Aubilados 0 funq:
0 = WidosAey 1 = dndas 2= Junaw 3 = q 4= foun

dwunmuﬂmunisun'\‘smmmmm (FDA) nagwinaaimis o umm?aazﬁa'm
dlaladtoumsaisudusdasfivlilauaiateds FOA ndnfafifroanivianols : amwmstdaatd

sfnFouifonalailuriavsuissoulanaznsoy ddatdaihlunisihtaualunsadnnseansuanssamsudov
avaldluursaioasatvs

ngunoaIuAuasiedsruitadssive
BhEHgME]

asvnuilaiadlundndusififiulas National Industrial Chemicals Notification & Assessment Scheme
(NICNAS)
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anigauim:
Fstuniswedoudsag tuvdagaciuanndeydsients TSCA 8(b) (40 CFR 710)

wAteN ;
fstumnedoudsmaglunialaiunisoniduainiumsansaioludssing (DSL)

tis1 3

s lumaaiondlaiunisnuviuauiydsiunts EINECS w3a ELINCS

dirju

amsmunmluﬂumﬁaamﬂaaorTunnmnuuaﬁu'Liﬂumm«muauummmﬂnﬂ warlafunmsiuinaglunomsansiail
'Luﬂuaxmﬂatﬂuﬂﬂqﬂu (the Existing and New Chemical Substances list /ENCS)

Ju
e lundadsudiiivldaungmngmuaussailuasduydaiusonis Existing Chemical Substances
China (IECSC)

iMnd
ssynidatlusdasaeiuidaungwnomuoauansafiiiuie (TCCL) wasfaglundsoilauas Existing
Chemicals List (ECL)

HéUtud ‘
asnnadalunasavifiihulyaunguinaaiuv 6969 (Republic Act 6969 (RA 6969)) uazatjluﬂ’m-ﬂsm-ﬁamsmﬂ
wasssiaglussipluacildltiud (PICCS)

Tawiu
ssvanuaiag lundasusfiizanaansiusensanaiviaguacien Tu(ECSI)

T fuaust
sstailiominlundadmifdlullaungwnoiegduniiouay
New Organisms (HSNO) 1ufl 1996 uazaglunadautaldiunisuniulunoiasmnatnastiduausd

16. | afayaduqg

tanmrum;amwﬂaameu'l.ums'Lﬂmsmﬂnaomésmmwfﬂ'tuﬂaumﬁmnuanmwﬁomuuaumwﬂaamnu HEa Y
ﬂmmaolﬂlumammanmruaom grinutoasimslaiunsuistonisssinseionnulaansiowazalsldidfotaya
1 dusunmsiadau q msilssdumsdidaans Lﬁah\ﬂmiﬂijﬂsﬁm.vuumuﬁmmsanuamwﬁ‘{ﬂmnsun'ﬁausu

Walvdmmiulalumsalfialasasolugroudvineu TsemBmduwvunioluasduasviudmindoyaciuws

NALCO WATER INDIA LIMITED; S. No. 238/239, 3rd Floor, Quardra 1, Panchshil, Magarpatta Road, Sade Satra
Nali, Pune 411028 India

NALCO INDUSTRIAL SERVICES MALAYSIA SDN BHD; No 1, Jalan Jururancang U1/21, Seksyen U1, Hicom-
Glenmarie Industrial Park, 40150 Shah Alam, Selangor Darul Ehsan, Malaysia

NALCO PHILIPPINES INC.; Barrio Real, Calamba, Laguna, Philippinés

NALCO PACIFIC PTE LTD; 21 Gul Lane, Jurong Town, Singapore 629416

11/12

NALCO INDUSTRIAL SERVICES (THAILAND) CO LTD; 1599 ussuay, tanvl 109/19 fauaasvmnssufsdsuduain
a, 8416 @, darnumg a,53089 21140 (Ussiviaivg)

wmatinTdwrignidu :

Suidio +65 6542 9595
wnade 03 5569 4054
Hauilug 1800 10 8421250
AoaTals: 6542 9595

It . 02-104-0545

dayadiulgelml: nsuldvuwlasayaldorfussuiviaguawienedddadwiuatudiulsefeaaslumsutu
wnuasenaundufianas MSDS

wFouian: Nalco Asia Pacific, Regulatory Affairs (RA) Specialist
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MSDS of Scale and Corrosion Inhibitor
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MATERIAL SAFETY DATA SHEET (MSDS)

Corrosion Inhibitor and Scale inhibitor

SAFETY DATA SHEET Date of lssue  12/04/2006

Conipany KURITA- GIC CHEMICAL CO, LTD.

Orandname ICURITA T-7680 ¥

SECTION | - PRODUCT IDENTIFICATION AND COMPANY INFORNMATION

Product nome :  IKCURITA T-7600

Compnny nome : KURITA-GICCHEMICAL CO. LTD.

460 N.1T7 Bangplilt industrinl Getale, Bonganothong ,

Nangsaothong Snl)-l)lth'l.:( , Samutpralaarn {0540, Tel, 02-3152300 Finx.02-3152302

SECTION 2 - INFORMATION ON ITAZARDOUS INGREDIENTS OF COMPOSITION
Campositlen :  Organie polymer , phusplionste ond nzole ,

SECTION 3 - HAZARDOQUS IDENTIFICATION

Tesonn! protective equipment : Reapbratory protection : chem.-sal. mask Hand prolection : gloves

Eye profecifon: chem . ~enf, goggles Other: -

Indus. Hyglene : Do nol esl, drinlc er singlee 2{ the working place. Avold any direct contact with the produci. Do not breu{he
1

dusis ond product vapours. Change clothlng ! Hotely und thorughly wash befbre rease.

SECTION 4 - EMERGENCY AND FIRST AID MEASURRLS

After spitiogeflenlage/gns feakoge ;. Wenr profective clothing. Exhaust dusts. Close drabns, Gather tnrger amolinis of the producl.
Cover reldue with and adsorbant, tale up by mechanical meons ond hiold product for waste disposal ng diserlbed In
sectlon 6.

First nld : Eye contoct : After separnting the eyelids Mush with coplous nmounts of woter, contacl on ocudlst i irrltatlon pecsists.
Skin confoct : Remove conlaminnled clothing, tole a shower, carefuily wnsh affecied slcin with soap nnd plenty of water,
Tagestlon : 17 afTected person is consclous give coplous amounis of water (o drink, (mmediately take cnre for medient
obrervation. Inhalation : Remove alfected person fmmediately from contaminated oven, {f inconvenience persisls contact
n physicinn. Nates fo the Phiystcisn : There Is aot speelatist informotion nvailable . Treat symplomaticalty .

SECTION 5-FIRE FIGHTING MTASURES

Suitabie extinguishing media : Coordinnte with primory cnge of fire ond environmental vicinity. Special expogure hnzards
arfsing from substance or combusifon products : Formntion of inrmful corbenmonoxide nnd enrbon dioxlde af the
combustlon of ihe product. Combustion gnses are frritating to respirniory (ract and muceus nembranes,

Special profective equipment required for fire-fighting : Cool drums exposed to e five with waler spray. fn case of fire
wenr a self-containing breathing apporntus nnd OSHA/MSHA npproved protecilve cloliing.

Collect all cantaminnted waler If possible dispose according (o local reguinlions.

SECTION 6 - ACCIDENT RELEASE MEASURES

Wear pratectve clothiog ( see section 3 ). Close dralus. Exhoust product vapours . Cover splll with Iner materinl. Yump oft
large nmounts of the product Into marked , reststont contolners. Cover rusltiues with an Inert nbsorbant , tako up by
machonical menns fnto marled contniiners nnd hold for waste dispasnl os deseribed In sectlon 13. Thoroughly rinse nffected
ground with plenty of wnler.

SECTION 7 - HANDLING AND STORAGE
Steve product In {ightly clased confalvers fn a caotl, darlk and ventilated orea. Insinll spillage containers. Avold sphils and

splnghes during refiling process. Handling product only In well ventlinted nreas. Provide eye bnth ni (he worlting ploce .

Avold inhwnlatfon of vapours whes hondling the thermal treated product . Only use corrosion resistant tools nnd equiprents.

SS.TANGIAIR 06
TD-80169800-111




Brandnmwme : KUJUTA T-7600

SECTION 8 - EXPOSURE CONTROL AND PERSONAL PROTECTION

Fire/Exploston protection @ The protiuct ltselfs is siot Nommable.Coordinate person protective clothing ond extinguishing
tainers ond dispose Incol regulutions.

miedby according wihb the cose of fire.Collect ni! ¢ ed water s ¢

Extiagulshing medin Suitable : Waler spray, Carbondloxide, Dry chemlieal , Foam.
SECTION 9 - PHYSICAL AND CHEMICAL 'ROYERTIES

Forin : Liguld Cotour : Yellow {0 brown Freezing Polnt : not applicntion

Densify : 1.14- 1,18 giml, VYapeur pressure : no dnfn Exploston limits ¢ Lower: - Upper: -
Solubility In waler ¢ soluble In every propertion + pH vatues (as delivered) : (25 ¢} 11.5-13.5

Flash point ¢ not application Jgnltfon femperofure @ nof applicailon

SECTION [0~ REACTIVITY AND STABILITY

Condition to aveid : strong axidizing eonditlons, ; Products to nvold : strong oxidlzers nod oltiatine ngents
Hazerdouy tecomposition produets : none if used ax fodicoled

SECTION H - TOXILOGICAL INFORMATION
Production and handiing of industrinl quantities of the discussed chemien! preparntfon did net eause
farmuilution does not include u faxiccotogival ristc that is worlhy to be mentloned ,

SECTION (2 - ECOLOGICAL INFORMATION

Never relense coneentroled product (o (he anvirominent. Neutrolize polluted wasiewnler before it5 retense Inta the drafns.

SECTIOR {3 - DISFOSAL CONSIDERATION 1

Disposal : Burn the product in o chemicul incinevater equipped with an afterburner und a scrnbber. Emply used contafners
complefely, wush with water , dispose conlainers excluding possible external reuse. Sullable clesnlng ugent Is woler,

SECTION 14 - TRANSPORTATION INFORMATION

GCGVSee/IMDG-Code: - UN-NO: - ICAO/IATA-DGR: -
GOVI/IGGVS: - rlafdr: - ADNR: -

SECTJON 15- REGULATORY INFORMATION

According (o genernt regulations the formation I nol o tangerous subsipnce.

SECTION (6 - OTIHER INFORMATION

The product Is o corroston and seate lyhibilor and sludge digpersant for open vechreulating cooling waler sysiems,
This chiemicnl's shelf Hie Is one yeor upon recelving dote.
The chemicn] prepaeation §s not Hmlied by transport reguintions,

The dotn glven Brere do notsignily noy warranty with regard Lo Ute products’ properties. SS.TANGIAPRIGS
TD-SNT6B0U-112




APPENDIX 3G

ENERGY NETWORK SYSTEM BOUNDARY
ANNOUNCEMENT
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APPENDIX 3H

DETAILS OF THE RAW WATER POND AND THE WATER
TREATMENT SYSTEM OF PLUAK DAENG INDUSTRIAL
PARK



Tasemslsslwfluainung THIUNSIATIZRNANTENUF S Ind DU

ANANUIN 24
S18a2L3 AUBIUBUIRULAZSTUUNISNAAWNUSEUN
VIAIUGAF N TINUAINUAY

mugpamnIsumnuadldseniuuvaifiuihdus g 2 o fie vaiiniiau 1 fided
Uszana 25.95 13 wazvafividu 3 fidefivssan 419 uaziuiidwiulsednussudasanm
1.50 1§ wanBuadeguil 1 Tneaugramnssulanuaseuinfunanuism Sanisuasiam
yEwenmienzTusansfn () wie East Water Fadeusioviodsifunnuuaviedniniy
94 East Water fi viadstiwuasaniva-vussde surmdusinuaudnanassnn 1,350 fadiuns
MeegluluinIaNURUMINEEY 3191 nu. 1 8+316 Meviewmdnvuinidurugudnans
Uszaneu 400 fadwns waznavialaaululuan9ueanamaieuun 58.3013 Lasniamnaniguum
58,2026 ANdlEugREMNITIUAINLAT S8BT 6,500 Las TwanBeasigURl 2 neudnguaiiu
ddut 1 %qim’maq 201,508 gnuIAniuns anunsadnsenidvld 97 Su Aouloungssuunan
ug']Uiwaaqmuqmmwﬂiimﬂafmt,mmalﬂ

dmsuszuuidminsrUmasmugaamnsuUanuas iussuuwuuRnazneuLaE T
n58457 (Solid Contact Tank and Rapid Sand Filter) ﬁé’m'}mimﬁmﬁwﬂismqaqmﬂixmm 2,500
anunadiuns/Au lesessuanssumne vesmugramnssmnuasiinadasdarudeenisldiy
Usganny 2,067 gnueniuns/u ImaﬂixmumimamﬁwiwwaamuqmamﬂimﬂmﬂLLGN (Flow

Diagram) UAANFIgUT 3 Las¥amanin1suaraessuunantiuseUn uansdagui 4

3
RNP/ENV/RT5956/P02R09/RT1008-NAIWUIA 2% uu1 1
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1 Introduction

The purposc of all Emission Estimation Technique (EET) manuals is (o assist Australian
manufacturing, industrial and service facilitics to report emissions of NP1 substances to the
National Pollutant Inventory (NP1). This manual describes the procedures and recommended
approaches for cstimating cmissions from facilitics cngaged in the mining of coal and
mclalliferous minerals.

‘The mining industries covered in this manual are: coal, iron ore, bauxite, copper ore, gold ore,
nickel ore, sitver-lead-zine ore, urapium ore and other metallic ores.

EET MANUAL: Mining
ANZSIC CODES: 0600, 0801, 0802, 0803, 0804, 0805, 0807 and 0809

‘This manual was prepared by Sustainable Infrastructure Australia (SIA), on behalf of the
Australian Government,

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

Mining vession 3.1 ~ January 2012 1

2 Frocess description

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

The coal and mineral mining activities covered by this manual are those primarily (or the
production of raw materials for the manufacturc of metals and alloys. The geological strata in
which these minerals occur eontain a wide range of inorganic compounds that need to be
considered in assessing potential pollution sources from mining and washery operations. ln
Australia, open cul and underground mining techniques are used for coal and metallic ores.

2.1 Mining of coal

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

Figure | is a generalised [acility process diagram for open-cut coal mining. In general open-
cut mining occurs in layers as malerial is cxcavaled over a period of time,

The main activities carried out at open-cut coal mines that could lead to cmissions to air,
water, and land, or {ransfers of NPI substances, are.as [ollows:

» rcmoving vegelation and topsoil

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

» cxlracting, transporting and dumping coal

e breaking and sizing of coal

Mining version 3.1 ~ January 2012 2



o washery and workshop operations 2.2 Mining of metallic ores

o transporting and placing washery rejects

2.2.1  Open-cul mining for metaliic ores
= wind crosing from cxposcd arcas and stockpiles :

o rchabilitation.

2.1.2  Underground mining

P
(oesE Tl gl

covnttrus

Figure 1 also includes a description of underground coal mining. In general underground

mining occurs in horizontal (nnnels with access to the surlace via large vertical shafls.

A

The main aclivitics carricd out al underground coal mines that could fcad to cmissions to air,
water, and land, or trapsfers o[NPI substances, arc as [ollows: '

e
nrcrein

o carthmoving

. . . l_l’l'ﬂu
= shafll/drilt access and ventilation development

= underpround drilling and blasting cmissions where exhausted from the mine through
ventilation shafls

= cxlracling, transporting, and dumping coal

o brealdng and sizing o[ coal

« washery, workshop, and power plant operations

- COIKENIRAEE -
. HOMAE

= transporting and placing washery rcjccts

» wind crosing from exposcd arcas and stoclpiles

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

Figure 2 is a generalised [acility 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
aclivitics carricd oul at open-cut ore mines hat could lead to cmissions {o air, waler, and land
or transfers of NPT listed substances in waste arc as follows:

« removing vegetation and topsoil

= drilling and blasting overburden

= drilling and blasting o[ ore

e removing overburden and ore

= transporting and stockpiling overburden

e cxiracling, ransporting, and dumping orce
, = crushing ore

= {loatalion and thickening

» ore beneficiation;

» worlsshop operations

= rchabilitation. .

2.2.2  Underground mining
Figure 2 also includes a description of underground metallic ore mining. In geoneral

Mining version 1.1 — January 2012 3 Mining version 3,1 — Janvary 2012 1



underground mining occurs in horizontal tunuels with access to the surface via large vertical
shafls.

The main activities carried oul al underground ore mincs that could lcad Lo emissions to air,
walcr, and land arc as [ollows:

o carthmoving associated with the development of the surface facilitics
 shall/decline access and ventilation development

= cxtracting, transporting, and dumping ore

» crushing orc (inchuling primary, sccondary and tertiary erushing)

= [loatation and thickening

s ore beneficiation

= washcry, workshop, power plant operations.

3 Threshold calculations

The NPI has six different threshold categories (1, 1a, 1b, 2a, 21 and 3), and cach NPI
substance has at least one reporting threshold. If an NPI substance exceeds a threshold ail
cmissions of that substance from the flacility must be reported. In the casc of mining
operations, the tripping of substance thresholds is likely (o result from:

¢ malerials contained in the raw ore and waslc rock
« materials used in the exiraction of products from thc ore
« [uel storage / usage.

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

For defailed information on how to detennine il your facility has tripped thresholds, please
refer to The NP! Guide which provides detailed information on thresholds and methods for
identifying emission sources.

3.1 Developing a substance usage inventory

The first step in determining whether Category 1, 1a 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 malerials inventory, determine the mass of all materials (hat have been
uscd, for example, the mass of chemicals used in the mining or beneficiation process,
including:

= coolants - £thylene glycol

« lcad nitrates - lead and compounds

« sulfuric acid

= solvents (e.g. MIBC, trichloroethane) - toral FOC
» xanthates - precursor of carbon disulfide

« ammonia ({otal)

¢ hydrochloric acid

« cyanide (inorganic) compounds

« coppcr sulfate - copper and compounds.

For the purposes of NPI “usage” is defined as the handling, manufacture, import, processing,
coincidental production, or other use of a substance.

Mining vession 3.1 ~ January 2012 5

3.1.2 Common fucls

Also, the mass of fucls that caters the facility necds to be collected. Infornation on the
amount of fuel combusted will contribute lo Category 2a/2b emissions and the amounl of fuel

stored will contribute to Catcgory la for emissions of volaiile organic compounds. Common
fuels in use include:

Mining version 3.1 - January 2012 6




= diesel

* pctrol

s coal

o residual oil

o LPG/CNG/biodiescl.

Typically diesel fuel is the predominant fuel used on mining sites, the VOC 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 25,000
kg of Total VOCs. S

Furthermore, the mass of materials uscd for ancillary activitics such as maintenance worles
and equipment cleaning is required to be included to determine (he mass of each NP’
substance used. These substances could also be found as componcents of painis 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 NP1 substance in cach material uscd during
the reporting year. This process is called malerial speciation, Material speciation profiles
dctail the concentration of cach substance (or speeies) within each material. They can be
obtained from Material Safety Data Sheets (MSDSs) or from the supplier of the material. 1f
sile specific material speciation profiles arc not available, usc the speciation profiles detailed
in Table 1.

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

7 Perrol

»  Diesel

NPILEET manual for Fucl and Organic Liquid Storage

«  Tueloil
+ Crude oil
«  Paints

NPLEET manual for Surfoce Coating
+ Solvents

Example 1: Caleulating the tolal mass of Category 1 substances used

This example shows how the usage of manganesc and compounds is calculated from a facility
that handles coal and bauxite. The following data are available:

Mass of coal uscd = 100,000 tly

Mass of bauxitc used = 2,540,000 | iy

Concentration of manganese and

compounds in coal used = 41 meg/kg

Concentration of mangancsc and

compounds in bauxite uscd = 70 mp/kg
Mining version 3.1 ~ Janoasy 2012 7

Mass of mangancse and compounds
uscd in reporting period =(100,000 x 41/1,000 + 2,540,000 x 70/1,000)/1,000

=1821

In this cxample, the total mass of mangauesc and compounds used by the facitity is 182
tounes. Therefore, the Category 1 threshold for-manganese has been lripped and all emissions
and mandatory transfers of manganese and compounds must be reported to the NPL

Example 2: Calenlating usage aeross reporting periods

Depending on ore grade requirements for processing, blending of ores of diflerent grades
often oceurs. This can result in ore being mined and being piaced in an intermediate stoclepile
for time periods which may cross over from one NPI reporting period to another.

If a mine has extracted material during the [irsl year and placed it into storage, and then
processed it in the next year, then the usage during the second year would be counled on (he
first movement of the material as it was moved from slorage to be processed. In this situation,
usagc is be based on the Tirst movement in the process; any subscquent movenien(s would not
neced to be included as part of the usage, but multiple process specific movements or process
steps nced (o be taken into account when delermining emissions.

1f a material has already been counted for usage during {he reporting period, further
reprocessing will not contribute to additional usage to eliminate double counting.

3.2 Tuel combustion and explosives

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

Fuel used during blasting activities needs to be considered ywhen assessing if' 1 fonne or more
of fitel or waste has been birnt in an howr during the reporting period. ’

If your f{acility trips cither the Catcgory 2a or 2b thresholds you must estimate and report any
cmissions of the substances listed in the relevant category.

{f Category 2a or 2b have been tripped, PM> 5 is only reportable for combustions sources,
other potential sources including stockpiles and road surfaces are excluded,

Mining version 3.1 — January 2012 L




4  IEstimation of Emissions and Transfers

Estimates of emissions of NPI substances to air, water and land shouid be reported for each
substance that triggers a threshold. The NPI substance list and detailed information on
thresholds arc contained in 7he NPI Guide. In gencral, there are five emission estimation
tcchniques (EETs) that may be used to cstimate cmissions from your facility:

e sampling or dircct measurement

= mass balance

= fucl analysis or other engincering caleulations
= cmission faclors

e approved allcrnatives.

Select the EET, (or mix of BETs), that is most appropriatc for your purposes. For example,
you might choose to use the mass balance {echnique to best cstimate fugitive losses from
pumps and vents, dircct measurement for stack cmissions, and emission factors when
cstimating losscs from storage tanks and stockpiles.

If you cstimate your emission by using any of these EETs, your data will be displayed on the
NP database as being of ‘aceeplable reliability’. Similarly, il your relevant environmental
department has approved the use of EETs that are not outlined in NPI reporting guidance
malerials, your data will also be displayed as being of *acceptable reliability’.

This manual sceks to provide the most cffective emission cstimation techniques for the NP}
substances relevant Lo this industry. However, the absence of an EIZT for a substance in this or
other NP reporting guidance malerials does not nccessarily imply that an emission should not
be reported to the NPI. The obligation to report on all relevant emissions remains if reporting
thresholds have been cxcecded.

Mefals Speciation:

Reporting factlities have the option to repori either:

(a) the tofal emissions afeach of the metals _for which reporting Is triggered, or

(h) the individual compounds (or species) that comprise the emission, providing the folal

emissions sum lo the total metal emissions from the facility. You must, however, seek the
consent of your relevant environniental. agency for the use of EETs for metal speciation.

You are able (o use emission estimation techniques that are not outlined in NPI guidance
materials. You must, however, seel the consent of your relevant envirommental agency. Ifor
example, if your company has developed site-specific emission estimaltion fechniques, you may
use these if approved by your relevant environmental agency

You should note that the EETs presented in this manual refate principally to average process
emissions. Emissions resulting from non-routine cvenis are rarely discusscd in the literature,
and therce is a general lack of EET's for such’eveats. Flowever, it is important {o recognise that
cissions resulting from significant operating cxcursions and/or accidenial situations (c.g.
spills) will also nced fo be estimated. Emissions to land, air and waler from spills must be
cstimated and added to-process emissions when calculating total emissions, The emission
resulting {rom a spill is;ic nel emission, i.c. the quantily of the NP substance spilled, less the
quantity recovered or consumed during clean up operations.

Nining veision 3.1 — Jnounry 2042 9

4.1 LEXETs in this manual

Emission estimation techuiques in this manual arc divided inlo four main sections, as follows:
* Emissions to Air (Scction 5) ‘

o Emissions to Water (Section 6)

e FEmissions lo Land (Section 7)

* Transfers (Scction 8)

The emissions to air scction is divided inlo two scparate scctions for coal and for metallic ore
mines. The other sections are applicable to cither mnine type.

Each of these scctions [ollows the sanic gencral structure;
« general background information;

¢+ what is {o be reporied

= cmission cstimation techniques.

Where relevant, these include default emission factors as well as guidance on the application
ofthesc or other EETs 1o characterising cmissions. Appendix A provides a detailed
description of the sources of the particulate emission [actors presented in Section 4.
Appendix B provides a scries of worked examples to illustrate the application of the EIZ1's for
emissions to water and land.

4.2 Lmission Factor Rating

Many published emission factors have an associated emission factor rating (BFR) code. These
EFR codes arc bascd on‘rating systems developed by the United States Environmental
Protection Agency (USEPA), and by the European Environment Agency (EEA).
Consequently, the ratings may not be directly relevant lo Australian indusiry. Where available,

EFR codes have been provided in this manual. However, Uhiese EFR codes will not form pat
of the public NP1 databasc.

For more information aboul emission [actor ratings, plcase refer (o The NPI Guide.

Mining version 3.1 — January 2012 10




5 Emissions {o air

‘The main emissions o air from mining operations consist of wind-borne dust, and the
products of combustion [rom blasting, vchicle usage, matcerials handling and, minc power
generation (if any). Depending on the levels at which they arc present, trace metals in mined
material as well as the primary metal being mined could also lead o the Category 1 or 1b
reporting threshold being tiiggered.

In most cases fugitive air cmissions can be cstimated using emission factors combined with
sile-specific information such as the silt and moisturc content of material being handled.

Maost of the work in developing emission [actors for lugitive emissions has been undertaken in
the United States (sce USEPA (1985) and USEPA (1998)). Some work has also been
undertaken in Australia (see State Pollution Control Commission (SPCC) (1983) and National
Energy Rescarch and Demonstration Council (NERDDC) (1988)). Although the Australian
worlc is not nearly as comprchensive as the US worle, it is uselul beeause it confirms that the
US emission factors arc relevant for Australian condilions provided that appropriatc variables
arc used. The Australian work also highlights those cmission factors that arc not appropriatc
for particular operations. ’

The emission Jactors presented in this manval should be used with cantion. You should
always consider the range of conditions under which the factors were developed (o assess
whether the factors arc suitablc for the particular activity being considered. To assist in
assessing the suitability of a specific cmission factor {or your particular operations, a detailed
discussion of the sources of the various cmission [actors presented can be found in Appendix
A of this manual.

USEPA emission factors are published in a large number of references, and are often referred
to in different ways. The most comprehensive compilation of emission factors is that in the
USEPA document referred to as AP-42. Chapters from AP-42 are updated periodically and
arc available [rom the USEPA’s website'.

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

In this manual, for example, reference is made to USEPA (1998). This is taken from a version
of AP-42 Chapter 11 that was re-formatited in 1995. Some authors will reference this as
USEPA (1995). This chopter of AP-42 inclides work done in the late 1970s and the 1980s.

5.1 Overview of air emission sources
The air cmissions considered in this manual arc:

a fugitive emissions of particulate matter (Section 5.3.1.1) and metals (Section 5.3.1.2)
o cxhaust cmissions [rom mining equipment (Scction 5.5)

e cmissions from spontancous combustion (Section 5.6)

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

o ciissions ol carbon disulfide from {lolation processes (Scction 5.8),; and

' Wipdhwyav.en
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» cmissions [fom power generation and combustion processes (Scction 5.9).

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

5.2 General eqnations for estimation emissions to air

Emission factors can be used to estimate emissions of TSP and PMy to the air from various
sources. Emission (actors relate the quantity of a substance emitted from a source (o some
measurc of activily associated will the source. Common measures ol aclivily include distance
travelled, quantity of material handled, or the duration of the aclivity.

Emission factors are used to cstimale a facilily’s emissions by Lhe general equation:

Ejegryn) = [ Ay * OP(mm]x EFyigqry "l 1“%% ] Equation 1
where:

Eiqkgryr = emission rate of pollutant i, kg/yr

A = aclivity rate, /h

OP gy = operating hours, h/yr

EFigxort) = uncontrotled emission lactor of pollutant i, kg/t

CE = overal} control efficiency for pollutant i, kg/t

Ifno emission controls are used, Bquation 1 reduces (o

B rgryn) = lA(llh} * Op(lv/yv)!x EFi gy . Eguation 2

For fugitive emissions of particulatc matter and metals, uncontrolled emission factors arc
provided in Scetions 5.3.1 and 5.3.2 of this manual. BEmission reduction efficiencies for a
range of dust conlrol measures are provided in Section 5.4, Confrols are multiplicative when
more than one control is applicd to a specific operalion or activity.

For example, using controls from Table 4, walter sprays uscd 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 PMyq component ol dust is
reportable under the NP1, Reporting may be triggered by fuel combustion or on-site power
genceration (sce The NPI Guide for further infonmalion).

In addition, certain metals may nced to be reported il fuel combustion excceds Lhe threshold,
or if NPI metals are present in the mined material in levels that lead to the Category 1 or b
threshold being cxceeded. In these cascs total suspended particulate (TSP) emissions will need
{o be caleulated (in addition to PM,g) (o detennine the metal emissions. '

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

NMining veision 3.1 — January 2012 12



5.2.1.1 Determination of PM;e emissions

All emission factor equations and delault emission [actors listed in Tablc 2 are for

uncontrolicd cmissions. Scetion 5.4 provides information on the cfficicncy of control

methods. This information can be incorporaled into the determination of emissions as outlined

in Equation 1.

The process for determining PMyy emissions is;

1. ldentily sources of emissions.

2. Oblain information on the seale of the activily (i.c. the activity data required to apply the
cquation).

3. Apply the relevant PM gy emission factor cquation or default emission factor from Table 2
to the aclivity data (using Equation 2). A suilable surrogate Tor calculating vehicle
lilometres travelled (VIKT) cmissions may be {o determine the fucl consumption in
various items of equipment. Using typical fuel cfficicncics, it should then be possible to
determine the total VICT.

4. Where applicablc, apply control efficiency factors from Scction 5.4 (using Equation 1).

5.2.0.2  Determination of Metallic Emissions

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

The process for dclérmining metals cmissions is:

1. Identify sources of cmissions (as for PMg).

2. Obtain information on the scale of the activity (as lor PMg).

3. Apply the relevant TSP equation or cmission factor (o the aclivity.

4. 1[ particle size data arc available, the proportion of TSP that constitutes the dust [raction
(i.c. less than 50 microns) may be uscd to estimate mctal emissions.
)

5. Estimate metal emissions. Mctal emissions can be estimaled as a fraction of the TSP
cmissions, bascd on available assay data. Where assay data or site specific information is
not available for metals in TSP emissions, the defaull concentrations in Appendix B can
be used,

6. Where applicable, apply conirol c[ficiency factors from Scction 5.4.

Although incomplete at the time of issue of this manual, Geoscience Australia was
undertaking a National Geochemical suvey of Australia which will provide region-specific
trace metal concentraiion data, The resulfs of the study are due to be published in mid 20117

5.2.1.3  Determination of acidic emissions

information on the estimation of emissions from acid storage tanks can be found in the
Lmission Estimation Technique manual for Alumina refining, which can be found on the NP
website. !

* i, pa.gov.av/energy/projects/mational-geochemical-survey. itm}
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5.2.1.4  Determination of VOC emissions from I'uel and Organic Liquid storage

“Information on the estimation of emissions [fom fucl or organic liguid storage tanks can be
found in the Enmission Estimation Technique manual foi- Fuel and organic liquid siorage.
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When applying emission factors from Table 2, information on moisiure and silt contents for
US mines can be foumd in Section 11.9 (table 11.9-3) of AP-42. However where possible,
information based on local conditions should be used.

5.2.2  Mining of metalliferous minerals

As [or the mining of coal, the major fugilive emission from metalliferous mining is dust, of
which the PMyg [raction is reportable under the NPL Reporting is triggered by the fuel burnt at
the_facility (see The NPI Guide [or further information). In addition, emissions of certain
metals will nced to be reported il fucl combusted exceeds the defined thresholds, or if NPI-
listed mctals arc present in the mined ore or waste in levels which lead to the Category 1
threshold being exceeded. In this case, tolal suspended particulate (TSP) emissions will need
to be calculated (in addilion lo cmissions of PMje) to determine the metal emissions.

Many ol the activitics at metalliferous mines will be the same as for coal mining. In these
situations, the mining cmission factors and equations presented in Section 5.3.1 may be used
as an allernative if no other means of cstimation is available. Table 3 provides defaull
cmission factors [or specific activitics associaled 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 [actors is provided in Appendix A, Scetion 1.2.

All emission factors are for uncontrolled emissions. Scction 5.4 provides information on the
cflicicney ol control technologics. Factors in Table 4 can be incorporaled into the calculation
of cmissions using Equation 1.

? Generally, 2 high-moisture ore is taken (o be onc that cither naturally, or as a result of additional moisture at the primary
crusher {usually), bas a moisture content of more than 4% by weight. However, exceptions apply, For bauxite, the high
muoisturc orc threshold is 5% (Reference Pitt p304 and sighting ol company reports). For ores nt Aroken Hill, n site specific
definition should be used. These definitions will need to be used with caution and local knowledge,

J [
b Moivinre Conlent Ores

Primary crusling 0.01 0.004
Secondnry cishing ) 0.03 0012
Tertinty crushing 003 0.01
Wet grinding (milling) 0 0

Dry grinding with air
conveying ar 1A ¢}
classificatinn

Dey erinding withont air
conveying ar 12 016
clossificatian

Drying (ol minerals
except titaniun / 2.6 59
zisconium sands)
Hiandling, tonsferting,
and ennveying, including
wheel and bucket 2.008 0.002
reclnimess (excopt
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Scrcening

Bruxitefaluming
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60% for secondary rehabilitation
5.3 Control Technologies 90% for revegetation
There arc a number of ways in which dust emissions from mining operations can be
controlled. Most dust control techniques involve the use of water sprays o keep surfaces
damp, but there are also other methods. Table 4 summarises the methods vsed and the cffect . .
they have on reducing dust cmissions (Holmes Air Sciences, 1998). Thesce arc drawn from 30% for windbreaks
control factors documented in USEPA (1998), discussions with Greenbasc and Buonicore and . 50% water sprays to keep ore wel
Davis (1992: Table 3, p 794).

100% for fully rehabilitated (releasc) vepetation

Metalliferous Mines

65% for hooding with cyclones
All activities listed in Table 2

. L . 75% for hooding with scrubbers
arious mining operatious

!

Table 4: Estimated control factors for v

83% for hooding with fabric filters

X : 100% cnclosed or underground
Coal Mines ° &

o Gl : 50% for TSP
Scrapers on topsoil - 50% control when soil is naturally or artificially moist Pit retention v
; 5% [or PM
Dozers on coal or other materind No control ° w
. . Sources: Holmes Air Sciences (1998) nnd Greenbose (2009)
. 99% for fabric filicrs
Drilling i

Controls are multipticative when more than one control is applicd to a specific operation or activity, On stockpiles,

70% for water sprays for example, water sprays nsed in conjunction with wind breaks give an emission that is

Blagting coal or overburden No control {1-05)x(1-0.7)=0.15 of the unconirolled emission,

Loading trucks No control The emission control factors as presented in Table 4 can be applied (o the uncontrolied
50% for level 1 watering (2 litves/ ™/l cmissions as derived using the cinission faclors and equations presented in Table 2 and

. e . . e )

Hauliog 75% for lovel 2 watering (> 2 litres/n™/h) Table 3 using Equation 1, as deseribed in Section 5.3 of this manual.

t00% for soaled or salt-cncrusted roads 3
] e 5.4 Vehicle exhiaust emissions
Unloading tucks 70% for water sprays R . . R ) . . . .
. S R For vehicles, emission cstimation techniques can be found in the Emission Estimation
Draglines Control dust by minimising drop height

Technique manual for Combustion Engines. Table 5 lists typical vehicles used on mine sites,

) and how they are classified in the Emission fstimation Technique manual for Combustion
25% for variable height stacker Ingines.

50% lor water sprays

Loading stockpiles . .
75% for telescopic chutc with water sprays
99% for total enclosure

S0% for water sprays (unless underground recovery then, no

Uunloadiug Gow stackpiles controls necded)

50% for water sprays OfChighway truck

30% for wind breaks Water Cart (Smll) Henvy Good Vchicle
. 99% fi R los ! 2 7 ar, highwa
Wind crosion o stockpiles 99% for total enclosure Water Cart (Large) Off-highway truck
30% for primary earthworks (reshaping/profiting, drainage Loader Wheeled Jonder
structures installed
struetures installed) Bogper Wheeled loader
30% for racl I/or topsoil applicd
% for rock armour and/or topsoil applied Doer Track Typs Tractor

T0% for enclosure
Loading to trains i ' Wheeled Dozer Wheeled dozer
99% for enclosure and use of fabric filters

Tractor Wheeled tractor
90% control allowe for water sprays swith chemicals Bobeat Wheeled Toad
obea heeled loader
Misccllancous transler and conyeying 70% for cnclosure
o ) ’ yine kS Backhoe Wheeled tvactor

99% for eaclosure and use of fabric filters :
i Excavator Track type loader
30% f(or primary rehabilitation
. . o v -Grader Motor Grader
Wind erosion 40% [or vegetation cstablished but not demonstrated to be self-

ini : Scraper Seraper
sustaining. Weed control and grazing control. a |
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Drill Heavy Good Vehicle

Jumbo Heavy Good Vehicle

Commercial (<51) Medivm goods vehicle

Bus Bus Commercial buses, 20 or more passenpgers
Forkldilt Forkhifl

Road Train Very Heavy Good Vehicle

Light Light Goods Vehicle QL‘:I‘:‘:: l‘)/:sl::!flsﬂytc;?x( :‘xccll(zding WD,
Car Car Scdan, slation wagon, small iWD, or LGV
Field Generator Ground power unit Default power rating = <450kW ’
Compressor Ground power unit Delanlt power rating = <450k W

Lighting Plant Jround power unit Defmult power rating == <4 50kW

Punmp Ground power unit Default power rating = <4 50kW

Crane Whecled tractor

Rallers Rallers and Compaciors

Concrete/shotercte trucks  Heavy goods vehicle
Fucl trucks Heavy poods vehicle

Heavy service trucks Heavy goods vehicle

5.5 Spontaneous combusiion

I[ it occurs, spontancous combustion in coal mines will contribute to cmissions of PM g, PMy s
and other products of combustion from the mine site. However as this is a highly sitc specific
issuc., there are no published cmission factors that can be uscd, If spontancous combustion is
an issuc al a particular [acilily, it is the opcerator’s responsibility to develop a suitablc emission
cstimation technigue to cuable these einissions (o be reported under the NPL

5.6 Total Volatile Organic Compounds (Total VOCs)

In addition to the VOCs cmillcd from vehicle exhausts, there will also be emissions of VOCs
from workshops, clcaning and other site mainlenance activitics. In somc instances, volatile
substances can be released during mining processes.

Emissions of volatile solvents can be estimated on the basis of annual usage, assuming that all
solvents arc volatiliscd (i.c. released direct to air). Any vapour recovery or other control
systems, should be accounted for in charac{crising these cmissions.

Emissions from the storage of {hel can be determined using the Emission Estimation
Technique maral for fiel and organic liguid sforage.

5.7 Carbon disulfide

Kanthates are widely uscd in Austratia in {lotation processes to concentrate sulfide ores. They
have the propensity to decompose in the presence of moisture and/or heat to produce carbon
disulfide, an NPl substance. When xanthates arc uscd as a {lotation agent they arc usually pre-
mixcd with walter al concentrations of about 10 per cent. Typical xanthates include sodium
cthyl xanthate (SEX) and sodium isobutyl xanthatc (SIBX). Other xanthatces and their
molecular weights are given in Table 6 below.
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Table 6: Typical xanthates used in Austriian mines

T el

SRR
Alkaline Conditions

i
il
Acidic Condiiions

(tonmes) (tonues)
Potassium Amyl Xanthate 1CCyH;,08, 202 26,500 13,500
Potassium Butyl Xanthate KCte08S, 188 25,500 12,500
Potassiwun Ethy] Xanthate KCyl108;5 leO 21,000 10,500
Potassiwm Isobutyl Xanthate K Csl1508, 188 24,500 12,500
Potassium Isopropyl Xanthate KC,H,08, 174 23,000 11,500
Sodimn Amyl Xanthate NaCgl,,08, 186 24,500 12,000
Sodium Duty! Xanthate NaCsHp08; 172 22,500 11,500
Sodium Ethyl Xanthate NaC3i1s08, 144 19,000 9,500
Sodium Isobutyl Xanthate NaCsi1,08, 172 22,500 11,500
Sodium Isopropy!l Xanthate NaCyH,08, 158 21,000 10,500

Most of the xanthatcs are retained in (e (roth that contains (he ore concentrate collected
during the flotation process. Some (approximately 1 per cent) will be discharged to the
taitings dam.

The ultimate fatc and decomposition of xanthate is not completely understood. However for
the purposes o NPI reporting it can be assumed that 0.2 per cent will decompose
lydrolytically to releasc carbon disulfide. Heat and low pld will aceclerate this process. In the
mining industry, xanthate solutions arc usually used in a pH range of between 7 and 11. For
xanthates in the ore concentrate, decomposition will ocour during drying or smelting.

The decomposition stoichiomelry will vary with the form of xanthate used at particular
facilities. FFacilitics should verify the stoichiometry based on their use of xanthate types. The
stoichiometry of xanthatc composition, and hence carbon disulfide formation, will also vary
according to the ph.

}

* Alkalin

Acidic [

The emissions of CS; resulting from usc of xanthates can be calculated vsing the (ollowing
cquation:

Egs, = 0% 0.2% x Myg a0 % _MWes, Lquation 3
wannllmlc

Where )

Ecs, = [mission of CS; (kg/yr)

D - = Decomposition Coeflicient

Myanthate = Mass of xanthate consumed (kgfyr)

MWes, = Molccular weight of CS, (=76)
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MW, attiate = Molecular weight of xanthate (Sce Table 6)

Example 3:CS; ciissions

A facility uses 150kg of sodium cthyl xanthate, and maintains the tailings dam under alkaline
conditions. -

) MWCS:
Egs, = D% 0.2% X My ¥ oo ot
MW, anthate

Egg, = 0.5x0.002 x 150 x Je
e 144

Ecs, = 0.08ky

5.8 TPower Generation

For [acilitics with on-sile power gencration, EETs can be found in the Emission [istimation
Technigue manual for Fossil fuel Electric Power Generation. For sites that usc boilers (e.g.
for steam raising), emission cstimation techniques can be found in the Emission Estimation
Technique manual for Combustion in Boilers. For sites that use diesel engines, emission
cstimation techniques can be found in the Ewmission Estimation Technique manual for
Combustion Engines.

6 KEmissions to Water

6.1 Background

Emissions to waler arc site-specific and that there are no default emission factors currently
available to determine these emissions. The purpose of this scction is Lo 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 operations. Appendix B provides a
number of worked cxamples to illustrate the application of the cmission cstimation
{echniqucs.

6.2 What nceds Lo be veporied?

Emissions of NPI substances to water can be categoriscd as discharges to:
= surface waters (lakes, rivers, dams, cstuaries),

o coaslal or marinc waters, and

+ stormwalter runoll

Emissions of foxic substances to walerways may posc environmental hazards. Most [acilities
emitting NPI subslances to surface waters are required by their state or {erritory environment
agency lo closely monilor and measurc these emissions. Existing sampling data can be used Lo
calculate annual emissions.

If no wastewater moniloring data exists, cmissions to water can be determined using a mass
balance. Discharge of NPI substances to a sewer or {ailings dam is not regarded as an emission
«lo water but is reportable as a ransfer. Further guidance on reporting transfers is provided in
Section 8 of this manual, The NPI Guide, and the Transfer Information Booklet,

6.3 Jomissions Estimation

This manual provides a gencral guide on how sife-specific data may be manipulated to
cstimate the reportable emissions. You should note that you may use aliemative 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 mamual will need (o be obtained {rom your relevant state
or {erritory environmental agency.

It is suggested that the best approach to determining emissions {o water is to relate potential
emissions lo the facility's ywater management practices. The extent of catchment segregation
and facility water balances (which define all aspects of facility water management) can be
used lo define both emissions and fransfers.

With regard to emissions and (ransfers, it is recognised that actual emissions are highly
dependent on weather conditions over the reporting period. For éxample, a system may be
designed and operated to contain run-off from rainfall with a 1 in 5 - 20 year return period.
In_that situation, estimation of emissions will be required where overflows have occurred,
Where reporting is triggered but there are no emissions, the mumber reporled is zero.

Mining version 3.1 — January 2012 25

Mining version 3.1 - January 2012 26




6.3.1  Notes on Reportable Substances:

6.3.1.1  Dissolved Substances and Suspended Sediment
Most metals are recovered from sulfides and silicates that have solubility cocfTicients of
<10 10 10™" g/L under neutral pif and redox conditions and are, thercforc, clleetively

msoluble. This mcans that these substanccs arc generally handled as cither a transfer or as an
cmission {o land.

Emissions of dissolved metals should be considered if the following substances occur and/or
arc produced at the mine sile: arsenic trioxide, borax, copper sulfate, and coball sulfate. In
acidic conditions, nickel oxide emissions should also be considered. In general, most soluble
compounds would be present in unsaturated eonditions and longer retention times in
containment [aciliies would increase dissolved metal concentration {owards saturation.

6.3.1.2 Volatile Organic and Chlorinarted Hydrocarbons

Chlorinated hydrocarbon compounds (c.g. trichlorocthane and solvents such as methyl cthyl
lctone (MEI)) that arc used for plant and cquipment mainlenance arc volatile and would be
expecled to be either absent from the mine water system or occur at very Jow concentrations.

For the purposes of NPI reporting, and in the absence of specific information (i.e. monitoring
data) regarding thesc substancces, it can be assumicd that all cmissions of volalile organic and

chlorinated hydrocarhons arc to the atmosphere (refer Section 5.7) and that watcr emissions
Are 2ero.

6.4 Overvicw of Water Emission Sources

Reportable metal compounds will be present in most sitc watcrs, albeit in trace quantitics.
‘Thesc emissions must be estimated and reported if thresholds are triggered as noted in Scction
6.1 Transfers arc also required to be reported; please refer Lo Scetion 8 for guidance on
reporfing.

Scetions 6.4.1 to 6.4.4 provide a description of the main sources of liquid cfluents/cmissions
from mine sites and relevant cmission estimation techniques. The sources considered arc:

e Process waters from mining
e Process waters from beneficiation
o Surlacc water runoff

o Leachate from stockpiles.

6.4.1 Process Waters from Mining

Most of the non-process related uses for process watcrs in mining will be classcd as lransfers.
TFor examplc, process waler in underground mincs is rontinely uscd for dust suppression,
cooling of cquipment such as drills, continuous miners, and tunncl boring machincs. Excess
wisste waters from thesc activitics arc pumped to the surface for treatiment.

Emissions will be associatcd with overflows and/or discharges of excess mine process waters
to surface watcrs, coastal/marinc waters, or groundwater. All emissions of NPI substances
(cxcept those which arc directed {o, and contained by, purpose built {acilitics) arc to be
reported if relevant thresholds have been tripped.

6.4.2 Process W'\lcxs Irom Beneficiation

Beneliciation of orc commonly involves crushing and floldllon using recyeled waler
complementcd by make-up watcr, to accommodate losses and {o maintain quality al an
acceptablc level for the process. The losses include cvaporation and watcr entrained with
product or waste matcrials. Waler is also used to transport shurrics (30-40 per cent solids)
within the plant and wastces or tailings to appropriate impoundments.

In most cascs, bencliciation process water is reeycled. If that is the casc, any NPI substances
contained within the process water arc neither emitled or transferred, as they arc Lomldmcd to
be retained within the process.

The NP1 reportable substances used or coincidentally produeed in the beneficiation process
can include substances such as ammonia, carbon disul{ide from xanthale decomposition,
copper sulfate, inorganic cyanide compounds (sodium cyanide) and methyl isobuiyl carbonyl
(MIBC) or methyl isobuty! ketone (MIBIC). With regard lo these substances, (he following
points should be noted:

= Copper sulfatc is formed in copper heap leach operations or may be used as a (lotation
chemical.

* Where process walers arc recyeled no cmissions of MIBC would be expecled.

= Ammonia and hydrochloric acid have specific uses in nickel/cobalt and gold recovery
respectively.

= Xanthates may be synihesised 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 purposcs of NP reporting, it can be assumed that all cmissions of carbon disuifide
arc Lo air. Emission cstimation techniques for characterising these emissions arc provided
in Section 5.8 of this manual. The onc exccption to this is where xanthates arc uscd in a
solvent extraction process. In such situations, they may be retained within the solvent, and
can conscquently be associalcd with a water emission if the solvent is discharged from the
facility Lo a waler course.

Methyl isobutyl carbonyl is not a listed NPI substance, however it is considered a volatile
organic compound and needs to be accounted for when deler, mmmg emissions of Total
Volatile Organic Compounds.
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6.4.3  Surface water run-off

Surface water run-off includes runofT ﬁum haul roads, waste dumps, and adininistration areas
and overflow [rom tailings dams.

In the case of process watcrs discussed previously, discharges (o surface walers,
coastal/marine walcrs, or groundwater will be reportable. Depending on the characteristics of
the Jand surrounding the facilily, run-ofl o olher mincraliscd arcas can also contain
reportable metal compounds and will need to be estimated.

Mining version 3.1 — January 2012 28




6.4.4  Leachate from stockpiles, overburden, waste rocks and {ailings to surface waters

Lcachate will cimanate rom clevated [catures such as stoclpiles, waste rock and overburden
malerials as a resull of the scepage of excess process waler and the infiltration of rainfall run-
off. Lcachate may also occur in pits as a result of lcaching of waste rock malcrial.

Ores commonly include sullidic compounds (c.g. iron pyritc) which, afler beneliciation, 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 increasc dissolved metal concentrations in Icachate. Actual acid drainage
generation depends on scveral sile specific factors including management practices, naturc of
pyrile, crystal type and size, presence of neutralising materials in the associated rock, and
avaitability of air and walcr lo the matcrial.

Emissions will be associated with overflows and/or discharges of excess mine process waters
to surface walcrs, coastal/marine walers, or groundwaler. All emissions of NPI substances arc
10 be reporied to the NPL

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

6.5 Application of EETs for water emissions
The following steps should be followed to determine the emissions that necd to be cstimated:

1. Identify and list al) reportable substances associated with the mining operation that have
(riggered a threshold.

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

3. Identify and list all cmissions to water from the facility over the reporting period. In
above-average rainfall years, the number of emission sources and soil crosion can be
cxpecled Lo increase.

4. ldentify and list the data available on the facilily to cstimate the reportable cmissions. This
data could include total flows, {low rates afler various rainfall/run-off cvents, suspended
solids concentrations, concentrations of trace mctals in various materials on the facility,
and crosion ratcs. Supplemeniary information such as rainfall and rainfall pattcmns over the
reporting period may also be available to assist wilh cmissions cstimation. It is recognised
that the data available varies widely from facility to [acility and a comprehensive range of
data may not be available at all facilitics. Whercver possible, cmissions should be
cstimated based on sile speeific data,

6.5.1 Dircct monitoring - water quality and volume

Where available, sitc specific information on water qualily and [ow rates should be used to
determining emissions for the purposes of NPI reporting. General guidance on the use of
monitoring and flow data for cmissions cstimation is provided in Appendix B, Data that might
be routincly available to help estimate emissions include, but is not limited to:

= Waler quality of certain cffluent streams is likely to be routinely monitored with the
speciflic variables analysed being dependent on site specific eircumstances including the
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requirements of relevant licences and permits.

= Water flows and [low rates from specific calchmen(s as a result of dircet monitoring, or
from estimations bascd on calibrated models, or engincering caleulations, c.g. Australian
rainfal} and ranofT.

* Quantitics o[ reportable substances produced, consumed, and/or used at the facility over the
reporting period.

= ‘T'ypical quantities or concentrations of relevant consumables and process variables in the
-beneficiation plant (c.g. quantitics 0f MIBC consumed, average grams of MIBC used per
tonne of ore {reated).

» -Mincral composition and properties of relevant ores, concentrales, wasle rock, spoils,
tailings, soils, adjacent weathered rock, including those reportable substances present in
{race quantitics. Trace metal composition of some waste materials may be available from
specific studies undertaleen at the facility (e.g. geological modclling, analyses of surface
materials to assess their suitability as growing media for rehabilitation). The ash
composition of coals should be known, as this is routinely required by customers;

» Survey information that can be uscd to identify relevanl matters such as mining blocks,
dimensions of waste rock dumps, calchments, sub-catchments, and areas [rom which
cmissions could occur.

+ Typical erosion rates from the mine arca may be obtained by mounitoring or interpretation
of suitable models calibrated for the facilily.

In many cases, not all of the data required will be available and emission eslimates will necd
(0 be based on available data logether with other information (c.g. default emission factors if
availablc). For cxample:

= Flows may be known and survey data can be used to apportion part of the measured low fo
run-off from minc operational areas.

= Trace melal concentrations of emissions may not be known and would need o be cstimalted
from other site data as indicated in Section 6.5.2.

6.5.2  [Bstimation methods for non-monilored substances

‘Where a reportable substance is not monitorcd, default concentrations will need to be inferred

or devcloped fo provide an cstimate of emissions. When site specific trace clement
concentration data arc not available, the typical concenlrations presented in Appendix B can
be utilised.

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

6.5.3  Mass balance caleulations

Mass balance involves the quantification of total maferials into and oul of a process with the
difference being accounted for in terms of releases Lo air, walter, and land, or as transfers. On a
dry mass basis, for example, the mass of product will be the total quantity mined less the
quantitics of wastc produced (c.g. waste rock and tailings). Similarly, a catchment arca will be
cqual lo the sum of the arcas of its particular sub-catchments. Waler losscs at a plant will be
the total watcr brought on sife, less the water entrained in the waste and product strcams,
discharged to sewer and evaporated.

I is essential to recognisc (hat the emission values produced when using mass balance arc
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only as good as the valucs used in performing the caleulations, and smali errors in data can
lead to potentially large errors in the {inal cstimates. In the context of mining operations, the
failure to usc representative data can ead to significant inaccuracy in the predicted emissions.

6.5.4  Tstimation methods for leachate borne emissions

These emissions will gencrally be insigni(icant cxeept in specific cases (c.g. when acid
peneration has resulted in clevated copper and cobalt sullate concentrations and when water
solublc reportable substances arc present in locations where they may be discharged rom the
facilily).

The estimation of cmissions will need to take site specific circumstances and conditions into
account, In particular, the following should be considered: the sitc water balance, rainfall
infiltration and lcachate volumes and flow rates, metal/substiance concentrations in leachate

waters, and the relevant propertics of the lcachate source matcerials (c.g. host rock, tailings
malcrials).

6.5.5 Estimation methods for acid drainage

Exposed sediments containing iron pyrite (acid sulfate soils) can be oxidised by air, which
may result in an cmission lo waltcr of sulluric acid (i.e. 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:

F {(xg/hntyr)

Eh,500 gy = M) % Equation 4

1000441y
Where:
Fit,50,01/ ) = Quanity of H2S04 emilttied ((/yr)
Afin) = Arca of exposed acid sulfate (pyrilic) malerial (ha)
Flagrini ) = Acid n-off emission factor (kg/ha/y) (defanlt = 240)

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

Firamarw) = Cr (1) % Fatort) * Re foe 1) Iiquation 5
Wherc:

Fikariat ye) = Acid run-of{ emission factor (kg/ha/y) (default = 240)

Gr{im) = Density of rock generating acid run-off (Um?), (default = 1.5)

Fh(egrt) = Acid production potential per 1% sullur in rock (kg/t), (default = 16)

R fn 1) = [itosion/cxposurc of material (m?/ha), (default = 10)

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

6.6 Xemissions to waters from specific operations

6.6.1 Open-cut mining operations

The first step is Lo identify emissions and transfers using the definitions preseuted in Section
6.1. Where applicable:
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« [Estimale dircel emissions off-site (c.g. pumping of excess water from a pit to a waler
course),

¢ Estimate the volume of run-off of contaminated waters (c.g. from aclivitics such as road
walering and general dust suppression) thal is not directed to a suitable containment facility
as defined in Scclion 6.1.

s Estimate volumes of run-off from wasle rock dumps and other site arcas o cstimaic the
mass of suspended solids transported ofl-site.

» Bstimale leachate emissions ofl-site. Where appropriate, include leachale that camies
suspended solids loading,

Data for the above sources may not be dircctly available and you may need to use a
combination of the techniques presented in this manual to estimate emissions. Appendix B of
this manual illustraics the types of data that can be used (o assist in determining cmissions.

Dircct emissions should be estimaled [rom available data that may include pumping rates. The
facility should nominate appropriate and realistic pumping rates that take head losses, Icals,
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 equal lo the operating hours for that pump.

6.6.2 Workshop and main{enance operations

The furst step is {o identify reportable substances and the quantities of subslances used from
inventorics and hazardous substances registers.

‘The quantities used will provide an estimaic of the total emissions and transfers of NPI
substances. It is expecled that in most cascs, reporting will be associated with air emissions,
and characterised using the EETs in Section 5.7. If, however, emissions of these substances
occur (o water (e.g. rom 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 specilic points from where it may be
discharged, retained, recycled in the bencef(iciation plant, or used for road watering, As for
open-cul mining operations (scc Scction 6.6.1 above), the first step is to identify emissions
and transfers using the definitions presented in Scetion 6.1,

Emissions should be characterised based on available data on flow rates and NPJ substance
concentrations. The facility should nominate appropriate and realistic pumping rates that take
head losscs, 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 each
pump in question and (hat the availability is equal Lo the operating hours for thie pump.

6.6.4 Beneficiation operations

Process water management, including the location and operation of facilities such as run of
minc matcrial storage, product storage, and tailings storage facilitics will be dopendent on site
specific factors. A major factor will be the location of the ore body witli respeet to
infrastructure arcas and calchment/sub calchment arcas within the lease.

The occurrence of reportable metal compounds in the materials handled in the plant will
usually be known from minc and process monitoring. Similarly, the flotation reagents used
and their rates of consumption should be known from process management and monitoring,
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Emissions from the beneficiation plant may be determined from monitoring data and the
cmission cstimation process should have regard to (he following: 7 Emissions to land

o the definition of transfers and emissions presented in Seetion 6.1 - . . U L
‘ ‘ I Emissions {o land are a highly site specific issue and there may not be default emission factors

currently available to determine these emissions. The purposc of this scction 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.

o flows, volumes, and water balances for all aspects of the beneficiation operation, with
particular emiphasis on water losses to the environment (e.g. leachate and overflows from
tailings storage facilitics and discharges [rom the plant sitc)

f ) . . " s . Appendix B provides a number of worked examples {o illustrate the application of the
= the composition of target and trace metals in all materials handled, particularly in run-off " S ) ;
cmission estimation techniques provided.
walcrs; .
—_— . o Emissions of substances to land include NPJ substances contained in solid wastes, slurries,
o available waler quality monitoring dala . ) P L
. sediments, spills and lealks, and storage and distribution of liquids. Emission sources can be
= matcrials fost from the plant. These would mainly be tailings and wastes and may also categorised as:
include spillages of materials (c.g. losses of concentrate, tailings, and overflows of process ; - .
: * surface impoundments of liquids and slurries
walers as a resull of opcrational problems)
. . = unintentional leaks and spills
+ losses of reportable substances should be estimated direclly or from mass balances S !
involving the quantitics of solids and liquids treated and their composition « cmissions {o groundwaier
= mass balances of maltcrials treated and [lotation reagents used based on plant throughput, « agricultural applications of substances to land and irrigation.
details of the particular plant and walter circuit, and the composition of the matcrials

Somc facilities may use treated wastewaler for imigation. This wastewaler need only be

considered for NP] reporting if it contains an NPI listed substance. For NPI purposes this is
= certain reportable substances will be consumed (e.g. eyanide) and substances such as gencrally categorised as an emission to land.

handled

carbon disulfidc will be formed (see Section 6.4.2 for a discussion of this). - )
. When the emission is seen as beneficial, for example in the case of Total Nitrogen and Total

, Phosphorus inater recycled for use in irrigation. In tliis case rhe discharge may be reported
6.6.5 Scwage freatment planis ! ? I & gemay I
: as a voluntary fransfer.

Many mine siles have on-sile sewage treatment plants. The emissions from such plants can be

characterised using the Emission Estimation Technigue manual for Seywage and Wastewater L
Treatment, . 7.1 Land emission sources

7.1.1 Waste rock and spoil dumps

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

The characlerisation of such releases is highly sile specific and simple emission factors are not
available. In such situations, it is your responsibility {o detcrmine these emissions.

7.1.2  Surfacc impoundments of liquids and slurries

Minc and process waters and contaminated surface water run-ofl may be contained in pils
and/or purposc built structures such as tailings and covironmental containment dams. NPI
substances sent (o tailings dams constitules a transfer (sec the definition presented in Section
§8.1.1), providing (hat the reportable substances arc contained within the particular site
[acilitics.

Seepages lo aquifers arc {rcated as an emission fo land, whilst overflows arc waler emissions
if dircclly discharged to surface walers or waler courses. Refer to Sections 6.4 for emission
' estimation techniques for emissions {o water.

7.1.3  Agricultural application of substances to land /irrigation

The application of NPI substances to land (c.g. for irrigation) are usually classed as an
cmission, any NPI substances contained in the irrigated liquid is reportable if reporting
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thresholds have been reached for the substances. If the application of total nitrogen and total
phosphorus is censidered beneficial, it may be reported as a volunlary transfer.

7.1.4  Unintentional leaks, seepages and spills

Under the NP, spills, Ieaks, and scepage arc required o be reporled as cmissions to Jand or
waler. If the discharge is to a body of water as per Section 6.2, then it should be reported as an
cmission to water. If the substance is volatile, it may be an cmission to air rather than an
cmission to land or waler,

To determinge e cmissions of NP1 substances in spills and leaks, you should detcrmine the
difference between the quantity of material released or spilled and the quantity of material
collected during the {irst 24 hours. The difference is the emission fo land or water.

8 Transfers of NPI substances in waste

It is mandatory to report NPJ substances that arc transferred in waslc to a {inal destination.
Transfers are required {o be reported if a Calegory 1, Category 1b or Category 3 reporting
threshold is exceeded. For example, if the threshold has been exceeded for the Calegory 1
substance - lead and compounds - as a resull of usc of this substance on site, transfers to {inaf
destination as well as cmissions arc reportable. Both cmissions and transfers arc reportable in
lilograms.

Therce is no requirement to report transfers of:
= substances that arc exclusively Category 2a or Calcgory 2b;

° substances which arc both Category 2a or Calcgory 20 and Category 1 (e.g. copper and
compounds) or Catcgory 1b, in the cvent that the substance has tripped the Category 2a and
2b threshold only; or

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

8.1.1  Whatis a (ransfer?

A transfer is defined-in the National Environment Protection (National Pollutant Inventory)
Measurc 1998 (NPT NEPM) as:

... the transport or movement, on-sile or off-site, of substances fo a mandatory reporting
transfer destination or a vohuniary reporting iransfer destination.”

A mandatory reporting transfer destination is defined in the NPINEPM as:

“(a) destination for containment including landfill, tailings storage facilily, underground
injection or other long term purpose-built waste storage structure;

(b) an off-site destination _for destruction;
(¢) an off-sile seywerage systeni;

() an off-site treatment facility whicl 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 fandfill operated by a third party.

The transfer of NP substances to a destination for reuse, recycling, reprocessing, purification,
partial purification, immaobilisation, remediation or encrgy recovery are defined. in the
NPINEPM as “voluntary reporting transfcr destinations™ and transfers to such destinations
can be reporied voluntarily.

Further information regarding transfers, including how Lo estimate and report, can be found in
the NPI Guide and the Transfers [nformation Boolder.
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8.1.2 Whatis not a transfer?
A trans[er docs not include the transport or movement of substances contained in overburden,
wastc rock, uncontaminaled soil, uncontaminated sediment, rock removed in construction or

Materials sent fo an non-process incineralor for

Reporting is mandatory

NP1 substances in the materials are to be included in
transfers, since the transfer is (o a fnal destination, |

road building, or soil uscd for the capping of fandfills.

A voluntary reporting transfer destination means a destination for reuse, recycling,
teprocessing, purification, partial purification, inunobilisalion, remediation or energy
recovery. While voluntary transfers arc considercd in the NPI NEPM, this manual {ocuses
only on methodology concernced with mandatory {ransfers.

8.1.3  LExample reporting

Table § lists a number of scenarios relevant to mining activities where reporting of transfers
may be applicable. Other examples can be found in the NPI Guide and the Transfers

Information Booklet.

Table 8: Transie

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

Reshaping ol the landform containing previous
overburden or waste rock for rehabilitation or
Jandscape management purposes,

Tailings comtaining NP substances used to
backfill an underground mine

Tailings dirceted to an an-site tailings slorage
facility

Waste otl from the wotkshop collected by an
outside contractor and transported to an offsite
waste ofl recycling facility

Wastc oil stored on-site duc (o oil recyclers
being over-capacily

Process water sent to an on-gite recycling
process and prepared for reuse

No reporting requircd

s reporiing scenarios

Movement of NPI substances in waste rock or
overburden is not regarded as a transfer
No reporting required

Movement of NPT substances in waste rock,
overburden or clean soil is not regarded as a transfer

Reporting is mandatory

The tailings may contain metals and/or cyanide
compounds or other NP1 substances. Reporting is
required.

Reporting is mandatory

The tailings may contain contaminant metals and
cyanide campounds and/or other NP1 substances,

Reporting is voluntary

[Cany of the oil is reated and recycled by the
contractor then mandatory reporting is not necessary,
however, voluntary reporting is encouraged.

No reporting required until waste oil is moved ofl-sitc.
Type of reporting (mandatory or volunlary) will depend
on fate of the oil.

Mo reporting required

Qnsite reeycling of this nature does not trigger transfer
reporting of NP substances comtained in the process
water. Such recycling can be regarded as an internal
prrocess step.
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disposal Note that emissions from the incineration process are
also reportable,

Reporting is mandatory

NP1 substances contained in the waste drums (e.g.
chemicals remaining in the drums) are reportable as
transfers, since the trausfer is to a final destination, Any
eseape ol NP1 substances from the landfill site is
reporiable as an cinission.

Spent 2001 drwns and used bulker bags
deposited in an on-site Iandfill

8.2 What should be reported?

Typical {ransfers encountered in mining operations are circumstances where NPT substances
are:

- lransferred lo tailings storage facilitics

= in tailings used fo backfill an underground mine or above ground disused pil

« transferred (o landfills (cither on or of[-site)

e scul to a non-process incinerator for disposal

* scnt to scwer, where such a connection exisls

The substances triggercd by mining operations for the reporting of transfers are typically:
= metals and their compounds

« cyanide (inorganic) compounds

= hydrochloric, nitric, phosphoric and sulfuric acids

+ ammonia

+ some individual organic compounds (noting that Total VOC is not reportablc as a traus(er).

8.3 Transfers to tailings storage facilities
NPI substances deposited into tailings storage facilities are the primary form of mandatory
reporling transfer for many mining operations. Availability of good monitoring data for all

NPI subslances in {he input slurry is rare and almost never cncompasses the breadth of
substances that have triggered the reporting thresholds.

However, data about slurry flow volumes entering a tailings storage facilily arc morc routincly
measurcd, as arc solid content cstimates ({he latler expressed as a percentage or densily
figurc). ’

Beeause of data limitations, a number of assumplions apply in detcrmining a practical

approach to transfer estimation; in parlicular estimating NPJ substance concenirations in the
input slurry.

8.3.1 Metals assumed to be present in the solid phase only
A study of gold mining company’s transfer data submitled for the {irst year of transfer
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reporting, suggests that the vast majority of metals discharged to tailings arc located in the
solid phase (Greenbase, TSE Trausfer Comparison, August 2009). The geochemistry of cach
lailings storage facilily, and hence the distribution of metal species between the solid and
aqueous layers, will be differcnt. However, in the absence of better site specific data, it can be
assumed for the purposes of estimating trans{ers to tailings for the NP{ that all of the metal
species discharged into a tailings storage facility will be present in the solid phasc.,

This assumption has the cffect, for metals and compounds transfer estimation, of climinating
the need {o monitor the agueous phase, including reeycled process water removed from the
tailings storage facility.

8.3.2 Non-target mefals in (ailings assumed {o corvelate to oviginal ore concentration

Duc (o data limitations, particularly for those NP listcd mctals that arc not ol mining intcrest,
i.c. ‘non-targel’” metals, cstimation of their transfer may require additional testing of the inlet

sturry o the tailings storage facility. Whilc this is cneouraged as the most accurate method to

apply, it is also recognised that a default conceniration would be helpful.

For the purposes of cstimating {ransfers to tailings for the NPI it can be assumed (hat the dry
basis ore typical concentrations for these metals arc cqual to the dry basis solids
concentrations enlering the tailings storage facility. Since a mine is likely to have pood data on
the composition of their ore body, this may allcviates the need o analyse for mictals
concentrations in the input shury. However, further testing may be warranted if the
concentration of metals in the waste stream arc significantly inereased during targel metal
cxtraction. Annual input volume and solids conlent of the slurry will still be required.

This assumption cannot hold for “target’ inctals, which are those deliberately mined. This is
beeause the purpose of the processing is (o cxtract as much as possible of these to maximise
yicld figurcs. For the purposcs of cstimating transfers (o tailings for the NP1, measurements of
thesc metals enlering the tailings storage facility will be required.

8.3.3  Tailings return waters

The aqucous component of tailings is typically recirculated afler separation from the solids
within the tailings storage facility. Consistent with other examplces of process water recycling,
the recirculated waler is seen as neither an emission nor a transfer, beeaunse it is within the
closed loop of an internal process step.

8.3.4  Cyanides estimation

Estimation of cyanides within tailings is not readily simplificd due to the complex nature of
cyanide spccies and their varied interactions within the tailings geochemistry. Broadly
spealing, cyanides may be bound as sfable mctal complexcs within the solid phase, wealer
metal complexes more readily soluble in the aqueous phase and simpler cyanide anions
amcnablc to emission to air as lydrogen cyanide, particularly al lower than neutral pll and
cxposure (o sunlight. A more detailed discussion of the-fates of cyanide in gold mining can be
found in the Gold Processing Mannal, scetion 5.2,

An overview ol the various fates of cyanide in a typical tailings storage facility is represented
in Figurc 5 below, A similar diagram depicts cmissions from tailings storage (acilities (to air,
waler and land) in the Gold Processing manual, section 5.2.3.

The total mass of cyanide fost within the tailings circuit (i.c. complexcs with tailings solids,
decomposcd or emitied to the air or ground) may be estimated using the equation:

Men g = Mitkg) = M ) Equation 6
Where:

Mty = Mass of cyanide lost to TSFs (kg)

M (ug) = Mass of cyaunide carricd (o TSF (kg)

M, teg) = Mass of cyanide in TST return water (kg)

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

Ters (ko) = Mo gy ~ Ecer gy = Sen gy ~ OFcn kg Equation 7
Where:

Tew (i) = Mass of cyanide transferred (o TSTs (kg)

Men gy = Mass of cyanide lost to TSEs (kg)

Ecn ko) = Mass of cyanide emitted (o air (kg)

S g = Mass of cyanide lost to scepage (kg)

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

Transferred cyanide includes both cyanides bound in the solid phase and cyanides remaining
in the aqucous phase. Cyanide volatilisation to air would be expecicd (o be the most
significant loss from the tailings storage facility, assuming low seepage rates and limited
overflows caused by irregular cvents such as significant rainfall,

A complete discussion of the methodology for cyanide losses (o air and its dependence on pH
can be found in the Gold Processing EET manual, section 6.2.2.

— Returnto  Tailings in Recycled Evaporation/ - PMy, "~
TSF water . Volatilisation,” . “mefal diists
HCN,NH, - -, whendry
«
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Seepage HCN, CuCN, Seepageto . :Discharge
capture " FeCN’ $oil, ~*HCN; NHy’
trench minor toxic groundwater - minor:toxic

elements ‘elements .

Figure 5: Ovcwicwlof’l‘nilings Storage Facility emission pathways”

* Connell Wagner EET manuat Gold Processing & Refining Review, June 2008
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8.4 Overview of estimation process
The following steps should be followed to determine the ransfers that need (o be estimated:

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

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

3. Identify and list the data availablc on the facility to estimate (he 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 total flows, tailings
return water NP1 substance concenltrations, tailings water pl, groundwater monitoring and
seepage trench monitoring data. Supplementary information such as rainfall and rainfail
patlerns over the reporting period may also be available Lo assist with estimation. It is
recognised that Use available data may vary widely from facility to facility and a
comprehensive range of data may not be available at all facilitics. Wherever possible,
trans(ers should be estimated based on site specific data.

8.5 Transfer Estimation Techniques (TETs)
As described in Section 4, there are generally four types of transfer estimation techniques
(T1:1's) that may be used to estimate transfers [rom your facility:

s sampling or dircct measurcient

s mass balance

o cngincering calculations

o transfer factors.

Often a combination of these is required depending on what site specific data arc available.

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

8.5.1 Direct Monitoring — waste stream concentration and volume

The approach to dirccl monitoring of transfers is analogous to direct monitoring ol 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 multiplied by the typical volume of the
wastc stream thal has been trans[erred in the reporting period.

1 the wasle stream is solid or shurry, such as in the casc of inputs into a tailings storage facility
or a land[ill, representative concentration measurements of (he solid/ sfurry need to be
obtained. Alternatively, estimates of these concentrations may be acceptable, such as the use
of non-target metals ore composition data in the case of a tailings transfer, In cither case the
solids concentration is usnally expressed as a “dry basis” (o standardisc for variable water (or
maoisturc) content between different samples.

This concentration must then be multiplied by the volume of that solid or shurry material that
has been transferred, adjusted for waler content to convert (o dry basis.

If the waste stream is a liquid, such as in the case of transfers Lo sewer, the same approach
applics, but simplifics 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 multiplicd
together, adjusting for any unit conversions.

8.5.2 Mass balance calculations

Mass balance can be an appropriale approach to estimating {ransfers, particularly in the case
of tailings storage facilities. This requires information about all NPI substance inputs and
oulputs from a process {o determine the unknown component, in this case the amount of the
subslance transf{erred.

Sce Section 8.3, for an example of a mass balancc approach to determine the amount of {otal
cyanide remaining in the {ailings storage facility.

Aecuracy of a mass balance equations is dependent on the accuracy of the individual input or
outpui data, due fo the compounding effect of uncertainties in individual measurements.
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8.5.3 Engineering calculations

Engincering calculations are a calch-all {echnique used to describe calculations that cstimate
cmissions based on known chemical or physical processes such as chemical reactions, This
approach tends to be more applicable (o emissions estimation.

8.5.4 Tomissions from transfer destinations

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

¢ Where the permeability of underlying strata is < 10-6 m/s, the potential for the refcase of
MPI substances to land (soil and/or groundwalter) should be insignilicant. Emissions of
suspended sediment will be effectively absent ag fine malerial will block pores in the strata
thereby redueing its permeability and effectively sealing the strata,

* The presence of [raclures in the substrata will increasce the potential for substances (o
migrate (o aquifers.

= Most metal species al mines are sul{ides that have typical solubilitics of <10-20 g/l at
neutral pH. Unless there are huge volumes of watcer in very permcable strata, inctal losscs
Lo groundwater will be negligible.

= Waslc containers such as 200 litre drums will always contain residual quantities of their
conients. Where containers of reportable substances (c.g. solvents and rcagents) are placed
in landfills, unless specific dala are available, it should be assumed that two kilograms off
the substance per container are placed in the land{ill. Migration of those substances rom
the landfill site will depend on the sitc’s permicability.
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‘The following, Bmission stimation Technique manuals referred to in this manual can be
ablained from the NP] wehsitc:

o LET mameal for Fossil luel Electric Power Generation

o LET manual for Combustion in Boilers

o EET manual for Combustion in fingines

e LIT manual for Sewage and Wastewater Treatimet

o EET manval Jor Explosives Detonation

o EIT manual for Fuel and Organic Liquid Storage

o [LIT manual for Zine Concentrating, Smelting and Refining

o EET manual for Lead Concentrating, Smelting and Refining

o LET manual for Nickel Concentrating, Smelting and Refining
s EET manmual for Copper Concentrating, Smelting and Refining

o EET manual for Gold Ore Processing.
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Errata

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

it it

i
15,16,48  Corrcction to equations relnted 1o wheel generated dust from unpaved roads
and 55 and exeavators, shovels and front-end loaders on coal.

at industiial

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

Change to ANZSIC 2006

2 Update of activities associnted swith open cut and underground mining

6 Discussion of threshold caleulations and development ol a substance usage inventory

7 Added Table 1: Location of useful material speciation profliles lo determine substance usage
Added Exnmple 1: Calculating the total mass of Category 1 substance used

8 Added Example 2: Calculating usage across reporting periods

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

20 Updates to Default emission factors for varions operations at metaliferous mines (including
change in table number from 2 to 3)

22 Added Table 5: Typical mining vehicle definitions
Removed Table 4 from previous manual, this information is now found in the Emission
Lstimation Technique Manual for Combustion in Iingines.

24 Updaled discussion of carbon disulphide emissions from xanihates

20 Updated discussion of emissions to waler

34 Updated discussion of cmissions to land

36 Addition of discussion of transfers of NP substances

A4 Errata moved (o end of manual

46 Updated discussion of suitable emission factors

Mining manual Errataom (Version 2.3 - 05 December 2001) — Previous version 2.2 issued
23 October 2000.

s W b
13 The moisture cut off for high and low moisture Bauxite hos been lowered to 5wi%

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

i :
The first reference to moisture content in the last paragraph was changed to silt content.
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Mining manual Breatum (Version 2.3 - 11 October 2000) — Previous version 2.0 issued
22 August 2000.

. RN e N ApA R "
12 For wheel generated dust on paved roads the k value for the TSP equation is changed from 0.74 to
Table | 2.82 and for the PMp equation from 0.35 to 0.733,
40

ki for TSP chaoges from 0.74 10 2.82 and for PM,q from 0.35 10 0.733
AL

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

1 qHughhghls that manual mclu’d‘cs Uraniwm mining
7 Change of web address for AP-12 emission factors from the USEPA
9 Inclusion of overall control efficiency factor in Equation 1 (CEi)
12 Major chonges to table 1 - Inchude Wheel generated dust form unpaved roads - Change of emission
factors for scrapers — Addition of coefTicients for new equation for dust from unpaved roads
14 Alteration in Bauxite emission factor — table 2
18 Discussion referring to xnuthates in general rather than only 1o sodium cthyi xanthate
19 Relerence to combustion engincs manual to cstimatengine emissions -
21 Delction on triggering reporting (previously 5.1.2)
34 Addition of definition of Bank Cubic Metres (bem)
35 Addition ol units 10 PMye cquation, kg/ben Deletion of line providing k for P, calculations
38 Replace dust with TSP
39 TSP emission factor changes from 2.07 to 1.64
A0 Specify calculation in AL 111 is for unpaved road and provide cquation 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 [actor equations and
cmission [aclors presented in Table 5-1 and Table 5-2 of this manual. Most o the equalions
and factors have been drawn from AP-42 (USEPA (1985) and USEPA (1998)) and the
National HEnergy Research, Development and Demonstration Council (NERDDC, 1988) and
State Pollution Control Commission ol NSW (SPCC, 1983) studies in the Hunter Valley.
Wihen information from both sources (i.c. the US and Australia) is available, the two have
becen compared and, where possible, reconciled. Emission faclors for both PMyg (required fo
be reporied under the NPI) and TSP (necessary as a basis for determining emissions of metal
species) arc provided and discussed.

1.1 COAL MINES

The emission lactor equations and emission factors discussed in this section relate {o coal
mining activities. However, as noted in Seetion 5 of this manual, many of these cquations are
also relevant to activitics on metalliferous mincs.

L.1.1  Draglines (on overburden)

This operation refers to the removal of overburden by a dragline. It is recommended that the
cquations be used where there is site specific data for drop distance and/or moislure conlent. 1T
nof, the defaull values should be used.

TSP & PMyy

The TSP equation uscd is as follows:

i1
EFrsp (kgrvem) = 0.0046 % [ﬁm‘(%} Equation 8

) &7 R )
EFptag (kgrem) = 0.0022x [-’MJ Equation 9

MO'J(%)
Wherc:
EFrsp (ugrbem) = emission [actor for total suspended particles
EFpra,, (grven) = CMission [actor for PMyg
d" Yy = drop distance in melers
My = moisture content ofoverburden in % (by weight)
bem = bank cubic meter (i.c. (he volume of matcrial in-situ prior to blasting)
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Example 4: Particulate matier for drapglines
P

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

d =12 m
M =2%
For TSP
IR
EFsp (kgrhcm) = 0.0046 % (Eﬁ*((:";l]

EFrsp (kg rbem) = 0.057 leg/bem.
For PM 1

EFpt,g (katbom) = 0.0022% [ -

EFpyt,, (kg/tom) = 00102 Jeg/bom

In the absence of site speeific information on drop distance and moisture content, an crnission
factor 0 0.06 lg/bem for TSP and 0.01 kg/bem for PMg is recommended

Alternative method of caleulating PIVjg cmissions:

The NERDDC value for TSP is 0.072 kg/bem. To convert this to PM,q it is appropriate Lo use
particle size data measured by the SPCC (1983). This data indicates that for draglines in the
Hunter Valley, approximately 43% ol TSP particles will be in the PM,y range. Thus the
NERDDC estimate of PMp cmissions 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 sensibic drop distances and moisture contents arc used. The NERDDC
study mcasurcd an average cmission factor of 0.072 kg/bem [or two Hunter Valley mincs.

A 1% moisture content (also plausible for the Hunter Valley) gives an emission factor of

0.071 kg/bem. Roth of these are comparable with 0.072 kg/bem measured in the NERDDC
study, .

Delaull values:

In the absence of site specific data and based on the cinission factor for TSP of 0.06 kg/bem,
the recommended default PMyo cmission faclor is 0.06 x 0.43 == 0.026 kg/bem.

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

The cquation in the previous manual gave values that were unrcalistically low, so it is
reconumended 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 [rom truck
loading operations of 0.025 kg/t.

SPCC (1983) measurcments in the Hunter Valley indicate that approximately 47% of TSP
particles will be in the PMyy range. The recommended PMyy cmissions factor is thercfore
0.025x 0.47 =0.012 kp/L.
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Notes on source and suitability of equation:

The USEPA (USEPA, 1998: Section 13.2.4-3) provides an equation for batch loading. which
give estimates that arc unrealistically low for Australian conditions. The USEPA (USEPA:
1988: Scetion 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, cncourages the uscr to malke use of the equation rather than the 0.018 kg/t factor.
TSP & PV g

2.2 - .
EFssp kgr1) = Kysp x0.0016x o \ Equation 10
Mo
2
[
(E('"_sl)
2.2 - .
EFpp g frgr1) = Kpay % 0.0016 % St Equation 11
Mea)
2
Where:
EFrse fary = cmissjon factor for total suspended particles (lg/)
EFpr (kott) = cmission {actor for PM,q (kg/t)
Krsp = 0.74 for particlcs less than 30 micromelres acrodynamic diameter
Ko, = 0.35 for particles less than 10 micrometres acrodynamic diameter
Ugrars) = mean wind specd (m/s)
My = moisturc conicnt (% by weight)

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

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

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

TSP & Pl\']m

0.580 o .

EFrsp kgr1) avia Equation 12

- 0.0447 N .
L tpy = “"—“"M ) Equation 13
Where;
EFysp (ig1) = cmission faclor for tolal suspended particles (lg/t)
EFpm, fkoit) = emission factor for PMyg (kg/t)
M = moislure content in % (by weight)
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Example 5: Excavator/shovels/[ront-cud loader on coal

A coal minc is using an cxcavalor on coal with a moisture content of 8%, the emission factor
for TSP and PMyq is calculaied as follows:

0.5680
EFrgp (kgrt) = ”WT

0.580
EFrsp [T ”‘Ef‘z“

EFrap ) = 0.048 lep/t

- 0.0447
L”"“’w gt ™ "WT
. 0.0447
[-"I'!',\/,,, (i) & g9

EFopgyy (kg/1) = 0-0069 kg/t
Defanlt values:

The NERDDC (1988) Hunter Valley work provides an cmission factor for TSP of 0.029 lg/t.

If this TSP emission factor is adjusted using the particle size measurements obtained in the
SPCC (1986) study, then 48% of the TSP [raction (0 to 30 pm) can be taken to be PMyg
particles. Thus, the default PMy emission faclor becomes 0.014 kg/t.

1.1.4 Bulldozers on Coal
TSP & Pl\'ll(]

The TSP and PM; cmission [actor equation for bulldozers on coal are as {ollows
(USEPA, 1988):

5"y N )
EFrsp i) = 35.6 x W(%) LEqguation 14
15

EFpnty, rgrw) = 6.33 % o Equation 15
o (kg My

Where:

EFysp(gmg = Cmission [factor for total suspended particles (lkg/hr)

EFpmy, (rgree) = emission factor for total suspended particles (leg/hr)

Sew) = sill content in %, by weight

Mea) = moisture content of overburden in % (by weight)

Example 6: Bulldozer on coal

Notes on source and suitability of equation:

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

EFrsp fgrt) = Kigp % 0.0016 %

EFTSP(kgll) =0.74x0.0016 %

EFygp figsry = 0.00032 kgt

‘The number derived from using the suggested cquations above are very close to the Hunter
Valley factors from the NERDDC (1988) study, adjusted to obtain the PM,yg fraction (using
the SPCC (1983) study), 0.014kg/t. Therclore, it is suggested that the USEPA (1998: Tablc
11.9-1) equation should be uscd willi the actual moisture levels (hat apply for ROM coal.

A coal mine is using a bulldozer on malerial with a silt content of 7% and moisture content of
2.5%. Using cquations 14 and 15, the emission [actors are:

7"y,
EF1sp figin) = 35.6 % ;—5%(%
EFysp (grr) = 102 kg/hr
15
%
EFpatg fugine) = 6-33 % '2’;7'2‘(‘)‘)‘
EFpu,, (kgrin) = 32.5 Icg/hr
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1.1.5 Bullidozer on Mafterial other than Coal
TSP & PMyo

The emission factor equation for TSP and PMg are as follows:;

12
S
EFrse frgr) = 2.6 x S

M) Equation 16
5\,5(%) N )

EFpu,, rg i) = 0.34 % M Eqguation 17
Where:
EFtspgm)  — cmission faclor for total suspended particles (kg/h)
EFpm, (i) = emmission factor for total suspended particles (lg/hr)
S = silt content in %, by weight
Mz = moisture content of gverburden in % (by weight)
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Example 7: Bulldozer on material other than coal

A minc is using a butidozer on ore material with a sill content of 10% and a moisture content
0f 2%. Using cquations 16 and 17 the cmission factors are:

10Mp)

EF: = 2.6 Kt
T8 (ko) i J(%)

EFrgo gme = 17 kgth

. 10" )

EFppg,, g} = 094 % -—?Tza)

EFppay, (i) = 1.1 Tegfhr

1.1.6  Truck (Dumping Overburden)

The cquation given in the previous manual’s appendix gave valucs that were unrealistically
low, 50 it is recommended that (he default valuces derived from NERDCC and SPCC work are
used.

If @ site specific size fraction is available, then this should be used in preference ta the SPCC
defeut.

Default values:
The NERDDC (1988) TSP emission factor for dumping overburden is 0.012 kg/t.

SPCC (1983) measurements in the Hunier Valley indicate that approximately 35.5% of TSP
particles from trucks unloading overburden will be in the PMyo range. The recommended
PMyq ciuission factor is therefore 0.012 x 0.355 = 0.0043 lg/t.

Notes on source and suitabilily of equation:

The USEPA (1998) uscs the same cquation {or unloading overburden as it does for loading
overburden. Again this gives an emission (actor thal appears (o be too low for Australian
mining operatious.

117 Truck (Dumping Coal)

The cquation in the previous manual’s appendix gave values that were unrealistically low, so
it is recompmended that the default vatues derived from NERDCC and SPCC work arc used.

I a site specific size fraction is available, then this should be used in preference fo the SPCC
defaull.

Delault values:
The NERDIDC TSP cmission faclor for dumping coal is 0.01 kg/t.

SPCC (1983) measurements in the Flunter Valley indicatc that approximately 42% of TSP

particles from truck unioading operatians will be in the PMp range. The recommended PM;,
cmissions factor is therefore 0.01 x 0.42 = 006047 kp/t.

Notes on source and suilability of equation:

‘The USEPA (1998) uses the samc cquation as for the loading of coal (sce Scetion 1.1.3
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above). Again, this gives an emission factor that appears to be too low for Australian mining
conditions.

1.1.8  Drilling

1t is recommended that the USEPA defaull emission faclors arc used (o estimale drilting
emissions.

Nole if a site speeific size {raction is available, then this should be used in preference to the
SPCC default.

Defauit values:

TSP 0.59 kg/hole

PMio: 0.31 kg/hole

Notes on source and suitability of equation:

Emissions {rom drilling are a relatively minor component of the overall emission from an
open-cut mine. The only available emission equation for drilling is a simpie uncontrolled TSP
cmission factor of 0.39 kg/hole (USEPA, 1998: Table 11.9-4). Clearly, other variables such as
the depth of the hole, diameter of the hiole, 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 1o 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 PMyo component, However, some
measurcnients were oblained during the Hunter Valley studies (SPCC, 1983). The mean
fraction of PM,o/TSP for the four available samples was 0,52 (with a standard devialion of
0.10). Thesc retate to drilling of overburden, and probably, there will be a differcnce for coal.
However, in the abscnce of other information, the best estimale of (he emis§ion Tactor for
drilling for PMyp is 0.31 kp/hole.

1.L.9  Blasting

Tsr

The previous version of the mining manual uscd the fotlowing equation for calculating an
emission [aclor for blasting (AP-42 Ch 11, Appendix E). In the Zmprovement of NPI fugitive
particidate matter emission estimation techniques report by SKM (2005} it was recommended
{hat Equation 18 be replaced with Equation 19 as it was believed (hat Equation 18
overcstimated the TSP from blasting activities. A comparison of the two cquations is shown
in Figure 6, from this comparison which was based on a moisture content of 5% and various

blasting depths there is rcasanable agreement belween the two when the biasting deptl is
30m.

344 x A0V o
EFvsr (raivinst) = o 9(:()x6?[,5£5 Equation 18
Where
A () = {he area blasted (1112)
) = the moisture content of the biasted material (% by weight)
D ¢ = the depth of the blast hole (m)
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EFron grpmen) = 0.00022 % ALS, Equation 19
PMyq

For blasting, the USEPA estimales that the PMyp fraction constitutcs 52% of the TSP
(LISEPA, 1998).

' Example 4: Blasting calculation

Using default values of 930m? for the area blasted, a moisture content of 2% and a blast hole
depth of 30m, the TSP cmission factor is:

EFsp (kgrvtasy = 0.00022 A( o)
EFrsp (ky/hinst) = 0-00022 % 9300"5,}

EFis0 fgroms) = 8.24 kp/blast

Assuming PMq is 52% of the total suspended particulates, the PM, enission factor is:
EFpig,, (g fbtast) = 6.24 % 0.52

EFpt,g bgtoina) = 3.24 kg/blast

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

in the material blasted, the depth of the holes or whether (he biast is a throw blast or simply a

shattering blast.
7.000%+01

5.0005+01
5 5.000E101
5
B 4.00013+01
\; u
.2 3.0004+01
E 20005401
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0.0005:+00 8 e z
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+ Stmplified Equation  » Depth 10m Depth 20m
- Deptlr 30m x Depth 40m « Depth 50m

Figure 3: Comparison of Equalions 18 & 19 for blasting

1.1.10 Wheel and Bucleet

There is no USEPA or Australian emission factor {or this operation, it is recommend that the

cmission {actor cquation for misceliancous transfer and conveying as used.

U( 1/ s
=Kqgp % 0.0016 x Equation 20
’)

EFrsp (kgre) =

Nk@

—
e
Mis

EFpwg (kg t) = Kpn,, ¥ 0.0016 % Lquation 21

1.4
M(_'-J
2
Where:
EFrsp fig1) = cmission factor for fotal suspended particles (kg/t)
Kygp = 0.74 for parlicles less than 30 micrometres acrodynamic diameter
EFpw, (i) = Chrission factor for PMio (kg/t)
Kpig = (.35 for parlicles less than 10 micrometres acrodynamic diameter
Ufnss) = mean wind speed (m/s)
Mgy = moisturc content (% be weight)

Example 9: Wheel and bucicel emissions

Using default vahies of 3.6 m/s for wind speed and 8% moisture content, the TSP emission
factor is;

EFysp o) = Kysp X 0.00716 x

(3 G)‘ 3
EFygp iy = 0.74 x 0.0016 x ~=4

EFysp o) = 0-00032 kglt

(B(mz)”
2.2

14
M(w.)
2

EFpay, (kgr1) = Kpaa,, X 0.0016 %

—

EFem, (o) = 0.35 00016 x ~22L

EFpp,, frgr1) = 0-00015 kgt
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Notes on source and suitability of equation:

A significant propartion of open-cut coal mining for sofier brown coals is carried out using
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bucket wheel excavalors. The moijsture content of these coals is generally very high and dusl
cmissions arc generally minor. In the absence of a specific emission factor it is recommended
that the cquation for miscellancous transfer and conveying be used. This will be a very small
componcent of the overall inventory.

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

The AP-42 manual for miscellancous sources (Chapler 13.2.2. Nov 2006) has new cquations
for wheel-generated dust from vnpaved 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 (morc analogous to the equation in the previous manual). Nole that the

original cquations arc for imperial measurements. Some conversion factors have been
inchuded where necessary.

Example 10: Unpaved roads from whecels

Using default values for surface material silt content of 10% and a vehicle gross mass ol 48 ¢,
with the k value of 1.38 gives the folfowing default TSP cmission factor for wheel gencrated
dust:

q b
cr 0.1536 sea) (WY
borvie)™ Teae3 < (i | | 7e

Where:

Krsp = 4.9 for total suspended particles
Kpa,, = 1.5 for PMyq

Sfoa) = silt conlent of matcerial (%)

W) = yehicle mass (1)

Aygp = ().7 (cmpirical constant)

Ay, = 0.9 (empirical constant)

b = (.45 (cmipirical constant)

This results in the following cmission faclors

bl 1
. 0.4536 S W
EF vy oo Xk x [»—U-} x [wéﬂ’}

1.6093 12
n? 045
0.4536 10 48
i =T 10+(35) (7

EFrso frvicr) = .23 o yicp
h

a
- 0.4536 S (o Wy
EFom,, s vicr) = TTo93 " Kpp, # (_1[’2)‘J d (”‘QJ

3 2

09 D A%
0453 . (10 48
B forvir) = 7 pogs © o (g‘;} # ("3‘}

EFpu,, g rvicr) = 1.25 kg/ VKT

The emission factor for TSP for a light duty vehicle was calculated using (he same valuc for
silt content, a vehicle speed of 50km/hr and a moisture content of 2%. The k valuc for this
cquation is 1.69 and Lhe values for B and C are both 0.3.

B
SGa) ), [ S o)
12 48

EF(anVI(T) = f(x et - 0.0013
()
0.5
Whete:
Kygp = 1.69 [or total suspended particles
kPMm -=0.51 for PMyg .
S = silt content of material (%)
Stmin = vchicle speed (km/br)
Wiy = yehicle mass (1)
LT = moisture content (% be weight) .
3 = (cmpirical constant)
C = (empirical constant)

0.}
[_i (_)) x[ S fanty l]
12 48
L L - 0.0013

EF 15p (ks vier) = Krgp %

10} (50"
12 \a8
=169 x 2L

EfFrgp (kg vir) = 0.94 kg/VKT

EF 15p (kgr vicT)

‘The cmission factor for PMyg [or a light duty vehicle was calculated using the same default
values for silt content, vehicle speed and moisture conlent as above. The k value for PMyy is
0.51, aud the valucs for 3 and C are 0.5 and 0.2, respectively.

f‘-('ﬂ} [i(uu]”
12 48
et e . G G013

EF by, (pivict) = Kppay %= VIR
e
0.5

10} (50"
i2)" a8
EF puyg frasvicr) = 51% APE -0.0013

EF pany (rarvicr) = 033 kg/ VKT
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1.1.12 Sceraper (travel mode)

The cquation in the previous version of this manual was incorrectly copied from the 1995
(5" cdition) of AP-42. (Jt was 9.6x10°¢ in AP-42, but is stated as 7.6x10°¢ in the manual),
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Also, the original AP-42 equation is for scrapers in travel mode, but the previous mapual
mcorrectly said the equation is for topsoil removal by scrapers.

Example 11: Seraper when {ravelling

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

K x sty x Wi
EF(kg/vmj = s kiR

1,000,000
Where:
S() = gilt content of material (%)
Wy = ychiclc mass (1)
Kysp = 9.6 for total suspended particles
kpMm = 1.32 for PMyg
Kygp % s'e x W’l(_;
EF, ) asp X8 ) .
150 (kys VKT) 1,000,000
2.6 x 10" x 481
EFtsp (ugivicr) = BT

EFrsp (egrvicr) = 2.08 Jeg/VICT

_ Kty 5 foy X W

EFpu g vicr) = ‘"’“"T;é‘aé—o%a“”’u‘

1.32 % 10'7 x 487"
1000,000

EFppa,, (ks vicr) = 0.53 kg/VIKT

EFpu,, farvicr) =

1.1.14 Graders

The cquations for the cmission factors for estimating TSP and PMp from grading arc from
AP-42 (USEPA, 1998). The cquations are very sensitive (o the operating speed agsumed.

Example 12: Graders

Assuming a vehicle speed of Slan/h, the emission [aclor for estimating TSP is calculated as
[ollows:

EFrsp (rgrwicr) = 0.0034% S un ity

EFpa,g (grvicr) = 0.0034 x S%%amene)
Where;
Sien i) = vchicle speed (Jan/hr)

EFrsp (egrvicr) = 0.0034% 5 i)

r25

EFrsp (karvict) = 0.0034 % 5% (xinttrr)

EFrsp fprvicry = 0.19 kg/VICT

EF1sp figrvicry = 0.0034 x 82 fqurn)
EFrsp rgrvicr) = 000345 57 rni)
EFrsp grvicr) = 0.085 kg/VKT

1.1.13 Scraper (removing topsoil)

AP-42 (1998) pives a new factor (not an cquation) for topsoil removal by scraper. Note this is

in kg/t of topsoil.
Default values:

AP-42 pives an emission factor of 0.029kg/t for TSP emissions produced by scrapers whilc
removing {opsoil.

The PMy emission factor is derived using the same PM,/ TSP fraction as for the scraper in
travel mode {i.e. 25%). :

Efyep o) = 0.029 kg /t

EFopg frgr) = 0-0073 kg /1
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1.1.15 Primary and Scecondary Crushing and Loading/Unloading Coal te/from
Stoclkpiles

These activities include primary crushing of coal, secondary crushing of coal, loading of coal
Lo stockpiles, or vehicles. In praclice, these are very small contributors to the overall
particulate einissions from typical coal mines.

LOADING STOCKPILES
EFrsn (igr1) = 0.004 kg / t

EFpp,, (katt) = 0.0017 kg/t

UNLOADING FROM STOCKPILES
EFtgp (gqrn) = 0.03 kg /1

EFpm,, (kgr) = 0-813 kg /1

JLOADING TO TRAINS

EFysp figr1) = 0-0004 g/t

EFppsg fro/1) = 0-00017 kg /1

1.1.16 Miscellaneous Transfer and Conveying

AP-42 (USEPA, 1998) provides an cmission faclor cquation for a continuous loading
operalion, which should be used {o estimalc emissions [rom conveyor transfer points,
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Example 13: Transfer and Conveying

Using typical valucs for mean wind speed (3.6m/s) and moisture content (%), and a lc value
of 0.74, the emission {actor {or TSP for cach transfer point is calculated as [ollows:

1.3
[_‘_J!':L’_z).J
22 )

EF (! U omstee polat) = K% 0.00106 x =

[M@]“‘
2

Where:

Krge = (.74 for total suspended particies
Keun, = (0,35 for PM,

Ugnss) = mean wind speed (m/s)

Mpsz) = moisturc content (%)

13
Yirs)
| (22
EF 15p g/ 11 wanster poim) = Kygp x0.0016x *Tn e
0]
[
: ]1.3
5 T
2

EF 15 fups1 smanstns pom) = 0.00032 keg/t/transfer point

, [E@:{a). N

EF pragy kot 17 1anster point) = Koy % 0.0016x = (.

ﬁa. '
=0.35x0.0016x% 22

" PMyq (/U anster poinl) 8 T

EFWS{’ {kg/ t2wanster paint) ™ 0.74x0.0016x

EF

2
EF pa,y (ka1 ramster polog) = 0.00015 kg/i/transfer point

1.1.17 Wind crosion from active coal stoclpiles
"The SPCC (1983) average valuc for wind crosion is 0.4 kg/ha/h (3,504 kg/halycar). It is
suggested that this value be adopted as a default in the absence of other information.

AP-42 (USEPA; 1998) stales that 50% of the TSP is cmitted as PMq. Therefore, the default
emission factor for PM,g is 0.2 kg/ha/h. 1 site specific parficle size data are available, this
should be used.

The AP-42 cmission factor equation for wind erosion is:
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S(x 365-p) () A
EFrsp grhary) = 1.9 % (—1(3)])‘ 365 (_F] x (—1(3 Tquation 22
Where:
S() = silt content (% by weight)
p = number of days per year when rainfall is greater than (0.25 mum)
o) = percentage of time that wind speed is greater than 5.4 m/s at the mean height

of the stockpile

Taking 5=15%, p=80 d/y and [=30%, EFysp pgumary) is cstimated to be 16,821 kp/ba/yr, which
is cqual {o 1.92 kg/ha/h. This is believed to be a high estimate for Australian conditions. It is
recommended (hal the SPCC (1983) delault values be used.

Delault values: '

EFysp fkgrnarne) = 0.4 kg /ha fhr
EFpn,o kpimasne) = 0.2 ka/halhr

1.1.18 Wind erosion (rom other exposed arcas (chitter/waste emplacement dams and
wind crosion [rom exposed areas)

In the abscnee of other infonnalion, it is recommended that the SPCC (1983) factor of
0.4 kg/ha/h be adopted for TSP. In a similar manner to active stockpiles, it can be assumed
that 50% of TSP is in the PMg fraction.

Notes on source and suitability of equation:

While (he emission estimation cquation for stockpiles presented in 1.1.17 above, can be used
{or characterising cmissions from other exposed arcas, dams are frequently located in
sheltered, or low lying arcas where wind speeds may be lower than typically measured.

Defaulf values:

EFysp froibaite) = 0.4kg/halhr
EFPM,, (kprha i) = 0.2kg/halhr

1.1.19 Highwall mining

Highwall mining is a relatively new (echnique in Australian coal mincs. It involves boring
horizontally into the open-cut highwall. The coal culting point is essentially underground and
dust would nol be expected o 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 o that for continuous loading operations. Dust from all other activilics associaled
with handling the coal (c.g. loading it {o trucks, transporting by road) will nced to be
considered using the various emission faclors presenied in Table 2 of this manual.

The cmission factor suggested is for miscellancous transfer and conveying as shown in section
1.1.16.

Defaull vahues:

EF 150 (qitrtranster potat) = 0.00032 kg/t/lransler point
EF oy (ka7 wanster point) = 0.00015 lg/U/transfer point
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1.2 METALLIFEROUS MINIES

1.2.1  General Comments

As for coal mines, metalliferous mines can be either underground or open-cut. For
nnderground mines, those activities thal lake place do not contribute to dust emissions to the
cnvironment except for emissions {rom ventilation shafls. The emission [rom ventilation
shafls should be estimated based on the average coneeniration of dust in the vented air and the
annual volume ol air vented.

Unlike the coal mining industry, metalliferous mines in Australia have not conducted field
icasurement programs Lo delermine emission factors. As a consequence, there are no local
cmissions factors available to {est the validity of USEPA cmission [actors.

Lmission factors that arc common between metalliferous and coal mincs are:
= t{apsoil removal by scraper,;

» bulldozers;

o drilling;

o Dlagting;

= haul truck traffic on premiscs;

o light/medium traffic on sealed roads;

e graders,;

o wind erosion [rom stockpiles;

= {ruck loading (metalliferous mincs as for overburden, not coal); and

¢ (ruck loading,

However, it is acknowledged that emissions will vary [rom wine (o mine.

The cmission lactors that are different for metalliferous mines when compared with coal
mines arc:

= primary ore crushing;

= sccondary orc crushing,

e (crtiary crushing,

= wel grinding;

e dry grinding with air conveying or classifying;

o dry grinding withoul air conveying or classifying;
o drying;

= emissions from intcgrated de-dusting systems; and

e miscclancous handling, transfer and conveying.

1.2.2  Loading Trucks and Unloading Trucks (rear dumping)
The USEPA cquation (Equation 10) for batch loading/unloading is:
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1.3
E@Is
2.2 .
EFrsp (ko) = Kysp % 0.0016 x ~—ber Equation 10
M)
2
Where:
EF1sp figr1) = cimission factor for total suspended particles (lg/t)
EFpm,, (gry = Cmission factor for PMig (icg/t)
Krse = (.74 for particles less than 30 micrometres acrodynamic diameter
Kpps = (.35 lor particles Icss than 10 micromeires acrodynamic diameler
Ugnis) = mean wind speed (mn/s)
Myegy = moisturc content (% by weight)

This equation has the same inherent difficulty as it does in its application {o coal mining;
namely that the estimated emissions arc very small. For example, with an average wind speed
0f3.6 m/s and moisture content 0f 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 caleulated to
generate 0.0249 kpg/t (NERDDC, 1988). The cquation therefore provides estimates that are
significantly less (a factor of 5 (o 10 less) than appears reasonable based on (e NERDDC
measurements. However, the only option available seems Lo be {o use the cquation.

It should be noted that using the NERDDC (1988) cquations for coal minc overburden to
estimate emissions [rom (he handling of ore inay exaggerate ecmissions from orc handling,
given thal overburden is frequently weathered, and is likely to conlain a higher fraction of fine
matcrial than many ores.

1.2.3  Other Processing Steps
Other processing sleps include:

« primary orc crushing;

= secondary orc crushing;

= {crtiary crushing;

e wel grinding;

e dry grinding - wilh air conveying;

* dry grinding without air conveying;
= drying; and

o cmissions ffom intcgrated de-dusting systcms.

The emission [actor quoted for these activitics in Table 2 is drawn from USEPA (1998,
Section 11.24).

When considering cmissions from metalliferous mining operations, it is uselul to note that any
ore (except bauxite) with moisture greater than 4% by weight, either naturally or by virlue of
added water, is considered as a “high moisture™ ore. If an ore is “high moisture™ al the primary
crusher, then it will remain so unless it is dried in the process. The other issuc (o note is that
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the emission factors quoted in Table 2 apply to all operations typically associated with the
mrocess. Therelore, emissions [rom a primary crushing aclivity include emissions from the
sereens, (he crusher, the surge bin, the apron feeder, and conveyor belt {ransfer points that arc
integral to the crusher.

1

APPENDIX B

- EMISSION ESTIMATION TECHNIQUES - WATER &

LAND

INTRODUCTION

The purposc of this appendix is (o provide additional guidance on the characterisation of
cmissions to water and land. This appendix should be read in conjunction with Sections 6 and
7 of this manual and provides:

Information on default concentrations of NPI substances in various rock and ore types
(Scction 1.1), including some discussion on the suitability of this data {or use in emission
cstimation.

General guidance on how to apply the emission estimalion techniques presenied in the
manual, the types of data (hat may be available to assist in cmission estimation, as well as
some clarification of the term “transfers’ as it applies (o mining (Section B,1.2).

A discussion of the use of monitoring data for the characterisation ol emissions
A discussion of the use of mass balance as an emission estimation technique (Section 1.4), -

A discussion of the types of site specific data that may be available to assist in emissions
estimation (Section 1.5).

A serics of worked examples (o illustrate the application of the EETs provided for water
and land.
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Aluminiam
Antimony §b
Auscnic As
Barium Ba
Beryllium Be
Bismuth Bi
Boron B
Caduium Cd
Ca
Carbon C
Chlorine Cl
Chromium ) Cr
Cobalt Co
Coppor Cu
Fluorine ) F
Gold Au
Hydrogen 11

1. It should be noted that the foltowing are not NI substances: aluminium, barium, bismuth, calcium, gold,
iron, molybdenum, oxygen, silicon, silver, and zirconium. Some of the other substances listed are reportable
only in certain forms (c.g. carbon disulfide). The information has beess provided for the purposes of assisting

40

Lead

Magnesivn
Mangancse
Mercury
Molybdenum
Nickel
Nitrogen
Oxygen
Phosphorus
Selenium
Silicon
Silver
Sulfur

Tin

Zine

Zirconium

Se
Si

Zr

you to caleulate the proportion of NPI substanccs in compounds/minerals .

3. Atomic weights eon be used (o enloulate the weight of a reportable metal in minerals. For example, the
. chemical formula of chalcopyrile is CulfeS; and its atomic weight will be 64 + 56 + (2 x 32) = 184, A tonne
ol chalcopyrite will therefore contain about 0.34 (64/184) tonnes of copper.

Bascd on atomic weight of carbon 12

16
31
79
28
108
32
119
65
91

HXR pLtRiERATACR P M bW

i MR R

Antimony Rk 1 0,05 LS [

Araenic Ax LS 1.5 ' 6.5 6 1.5 13 i 43 ] 1 1.7
B:vylﬁum Dz @3 5 t a3 2.6 2.6 3 <f <} 2
Doron B B 12 70 0 10 730 55 130 0 a0 0g
Cadmium i 0.13 0.09 0’1 0.35 DA RS 0.2 0.2} 021 0.020 0,05 0.7
Chyomium Cr 200 4 20 n 100 M i1 o0 e s 7

“aball Co 35 H 54 A 0 74 7 19 0.1 0.3 i\t
Copper Cu 20 13 15 30 350 25 30 19 55 ELS 33
Fluosine 7 510 1,400 - 200 250 T 550 00 220 180 (21
Lend ™ 3 24 30 3s 14 f0 17 23 5_\7 10 19
Muongenese Mn 1,500 400 41 1,000 250 6,700 1,000 /S0 610 'IGQ o
M:r:ury H;; 012 0.08 n.2a 0.06 0.05 0,08 0,46 (R L] 0.16 019 0.59
Mickel Mi 150 0.5 5 50 80 225 30 [d3 7 9 51
Selenin Se 0.05 0,05 19 7 n.os 0.7 017 0.5 (1203} <0ni n42
Zing Zn 150 240 n 90 190 150 20 160 20 220 156

1. Extrncted ond odnpted finm Boswon, 11,1M, 1979, Enviroumealnt Chemistry of the Elements, Academio Press and genceally checked ogainst Berkman, D.A. 1989 Field
Geologist's mnowal, The Austininsion Ixtivste of Mining sod Metathurgy.

2. ‘The figuses listedd above atc average cancentintions af the pasticnlar clement within the rock or materint apeeilied.
3, The NP requires the reporting of ernissions of the elements tisted in thix Tabte and fhieir compounds (apart fjom voride compounds, nickel eatbonyl and nickel subwlfire). As
nated in the brily af the nianun), il fy recognised that frace metol annlyses ore not rautinely untdertaken for mining operntions, Wiiere datn on particular elersents is not availnble,

ihe nvernge concentrotions listed nbave for the pasticular materisl type shoold be bsert oy o suitalis defnull, In situstions swhero Wis informalion is weed, theto are Kkely to e
sipnificant uneestainties in the emiskions estionmte sod o Taww relisbitily would be attached to theny

4. Further to Note 3, troce metal cancentetions will be significnoily grester than avesoge where the repostble metl ocours t the site. Fos exnmple. at u silver, lead ne ing mine,
the concentrations af fend, zino and prabably cndiium in waste racks, inilings and soils will be sigaificontly reater fhn the avernge concentitions listed in the abuve Tobde, It
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is eapeeted has where it is necessary to use an nxswned ttace mefnl concenteation (o estimate cotissions [rom a 3ite, the facility will nominale a eredite figure thal can be justified
tn your |ocat environmental ngensy,

1.1 General assumptions for emission estimation technigues

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

Routine moniloring ensures that envivonmental performance standards are mel as are licence
and permil requircments. 1n general monitoring will be dirceted to actual and, perceived
environmental issucs that are significant [or {he particular mine. While it is not envisaged that
facilitics will need to conduct monitoring beyond that which is currently required, available
monitoring data should be uscd to assist in determing emissions for the purposes o NP]
reporting (see Scetion B.1.3 for a further discussion of this).

Reportable emissions are confined to the substances that arc actually cmitted to the
environment. Matcrials retained in (ailings storage facilitics, sediment from disturbed arcas
held in ponds or pits and wastc rock/spoil dumps arc examples of transfers (sce Scction § [or a
further discussion of “lransfer” as these terms apply to mining operations).

Volatile substances, such as chiorinated solvents and volatile organic compounds, are
assumed Lo generaie cmissions Lo air. Similarly, carbon disulfide formed as arcsult of the
decomposition of xanthates is assumed (o be reporled as an air emission. Methyl Isobutyl
Carbinol (MIBC) held in a waler or tailings storage facilities will be metabolised relatively
quickly and, where refenfion times exceed about four weeks, there should be no emissions of
MIBC to water.

T o MIBC cmissions must be reported where ithC are overflows from watcr/tailings storage
and/or leaks and discharges from the beneficiation plant. In these cases, the cmission
cstimations should be based on the standard concentration of MIBC used in the plant and the
volume of waler discharged to the environment. If the MIBC concentration is not known, a
figurc of 10g/m’ of waler discharged should be assumed,

Actual emissions depend on a range of variables including malerials handling and
management practices, physical and chemical properties of wastes and soils, local topography,
climate (including climatic extremes), slope, vegetation cover, moisture infiltration and
related matters. These factors will vary from (acility to facilily and it is generally not possible
to provide gencric cquations that wiil be applicable across the mining industry. It is therelore
recopnised that the cstimation of cmissions requires the application of techniques and methods
that are appropriate o the facility. This section of the manual provides some puidance on the
approaches that may be used when dala from definitive monitoring is not available.

It is not the intention of the NP to require facilities to extend or expand monitoring beyond
that currently being conducted. In these situations it is considered acceptable o use figures
based on the average concentration of trace metals in the various materials identified in
Table 9 (NB: This is subject to the limilations indicated in Footnotc 5 to the Table).

The heterogencous distribution of minerals, including trace elements, between and within
mine sitcs, requires detailed and rigorous sampling to accuratcly determine the concentrations
of these minerals and substances within various areas of the minc opceration. Emission
cstimates that usc moniforing data and consider the distribution of substances and their
emissions, will gencrally give rcliable figures. Where assumptions or general terms or figures
are uscd in calculations, inherent errors will be introduced and the reliability of the estimales
will decrease. Where there are scveral sieps and a number of assumptions required o cstimate
cmissions, the use of generic data can lcad to significant reduclions in the accuracy of the
eslimates.
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Sulfide or silicatc malcrials typically have solubility coefficients of < 10-20 g/L. In gencral, it
is not necessary {o delermine cmissions of low solubilily specics scparately from suspended
solidg emissions. In these circumstances, emissions of dissolved substances with low
solubility would fall within the range of general cstimation crrors. For cxample, total losses of
dissolved metals where flows are > 10 1.y would be measured in grams. In contrast,
ciissions of suspended solids may be in kilogram {o tonne quantities with the accuracy of
these emissions estimate likely, at best, to be # 10%. As the maximum possiblc dissolved
metal emission, say 10 grams, [alls well within the total emission, say 100 kg & 10 kg, it is not
valid to report the cmission as 100.01 kg/y.

Where site specific estimates of crosion are not available, the general figures indicaled in the
Table below may be used.

Table 10: Erosion rates

40 tonnes per hectare per Exposed soils,

annum (Vhatyr) confent including tailings and similar materials,
20 tonnes per hectare por arcas disturbed by mining operations, including waste dinnps, cleared land an
annurm (Yhaly) infrastructure. other cascs

<1 tonnes per heetare per

well vegetated sites and areas dominated by competent rock
annum (Vhaly) bela P Ane e Y !

t. Source: Personal Communication, C. Carroll, Department of Natural Resources, Emerald, Quecnsland
(unpublished Thesis),

2. Nole: Where sediment control structures are installed, the sediment estimates may be derived from filterabie
residues from dam discharges instead of run-ofT values,

lirosion of 40 t/ha/y may occur in arcas with dispersive or loose soils with poor vegetation
covey and rainfall of about 900 mm per annum. This can be used as a representative figure for
“high crosion rate” and should be used for thesc sitnations, including dircct erosion of tailings
{type matcrials.

Yirosion from well vegetated sites and areas dominated by compelent rock may be less than 1
t/ha/y uwnder similar rainfall conditions and this may be rcgarded as “low crosion rate”. Where
crosion data are not available, a figure of 20 t/ha/y may be assumed [or the purposcs of NPI
reporting. (This figure may be applicd Lo arcas disturbed by the mining operation including
wasic dumps, clearced land and infrastructurce.)

It should be noted that the above figures generally relale 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 tmes higher than the average rainfall, a pro rata adjustment to the
cerosion rate should be made. Wherc rainfall is over 1.3 times annual rainfall the pro rata
adjustment should be increascd by 40% Lo fully account [or the additional crosion that would
be expeeted becausc of the higher rainfall.

Determination of sulfuric acid generation from pyrite oxidation is a complex matter and
should be determined on a sitc by sitc basis. Acid drainage peneraled will be ncutralised by
naturally occurring alkaline materials. Thercfore, pl and sulfate concentrations cannot be
used in isolation to cstimate sulfuric acid gencration and emissions. This is discussed further
in Scetion 0.5.5.

Where thie pH of the discharge is considercd acidic, sulfuric acid cmissions must be estimated,
preferably using site specific data. When site speceific data are not available, it should be
assumed that sulfuric acid generation is 240 kg/ha of exposed acid-gencrating material. (This
is calenlated on the basis (hat the oxidation of matcrial with a 1% pyritc content and no
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neulralising capacity will result in the generation of about 16 kg sulfutic acid per tonne of acid
gencrating rock. The crosion/cxposure of 1 mm of this material cquates to 10 m*/ha, which at
a density of 1.5 tm” would have a mass of 15 (/ha, hence, 240 (15 x {6) kg per hectlare).

1.1.1  TFypical Data Availability

A surnmary of the data typically available at mine sites for usc in emission cstimation is

provided below:

1.1.2  Fugitive Emissions: Dust

Moislure content of soil (%)

Mean wind speed (m/s)
Area blasted (m%)

Depth of blast holes (m)
Silt content ol s0il (%)
Vehicle gross mass

Mean vehicle speed (km/h)

Average level of reportable substances in
overburden

Average level of reportable substances in
wastc rock

Average Icvel of reportable substances in ore
.

1.1.3  Fugitive Bmissions: Metals

Available most siles
Availablc most siles
Available

Available most mincs
Limitcd

Available

Limited (cstimates based on sile speed limits)

Limited

Limited

Available some sites

Table 13: Fugitive Emissions: Mectals

Assay data

volume of fuel uscd per type of vehicle
(tracked

type traclor, wheeled traclor, scraper, grader,
off-highway truck)

Watcer balance, information

Reportable substances leaving the site citlier
dissolved in water or as suspended solids
Content in process waters

Content in surface water runo(f

Limited

Available somc sites

Limited
Very limited

Available some siles

Available some sites’
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Leachale from stockpiles, overburden, waste

o Available some siles
rocks, and tailings Lo surface waters

1.1.4  Emissions lo Walers

Table 14: Emissions to Walcrs

Concentration of reportable substances Very limiled
Flow rale Very limited

Quantities of reportable substances used in .
. . Generally avaitable

Workshops and mainlenance opcerafions

Flows, volumes and walcr balances (leachate

from i o

. o Very limited

lailings storage facililies & wasle rock

- dumps)

Composilion of target and trace mctals in all . )
X . . Available some sifes
malerials handled and in run-off waters

Water quality monitoring data Limited paramelers

Quantitics of malerials lost in any way {rom . )
. . i Available some sites
plant {e.g. tailings, coarse rejects, spillages)

1.2 Usec of Monitoring and Flow Data

Moniloring and {low dala can be used 1o cstimale dissolved and suspended sediment
cmissions from specilic calchments. When complete data sets arc available (c.g. rcal time
monitoring of flows, metal concentrations in water determined from specific moniloring),
mass emission cstimates will be relatively reliable. Where there are scveral calchments
contributing (o a mecasured flow (c.g. downstrecam monitoring of a mining lease where water
quality is influcnced by run-ofT from non-mining catchments plus mn-off from arcas alfected
by the mining operalion) errors may be introduced when atlocating a proportion of the [low to
the miniug opcrations. Similarly, if complele data arc not available, an “average” melal

" concentration caleulated from an incomplete data set will probably incorporate crrors.
Consequently the reliability of the estimale will be significantly reduced and should be noted
in reporting.

1.2.1  Data Required/Available and Qnalifications/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 al different
locations at the facility and therefore may only provide a partial characlerisation of emissions
(or only enable emissions from a speeific arca of the facility to be determined).
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Water Balance

Flow and FFlow
Rate

Rainfall

Rainfall Run-off

Water Quality
Data

Suspended
Solids

Survey

Tablce 12: Polential data souyces

The water management plan for the facility may desc bc walcr
management practices under general and extreme rainfall
conditions. Run-off over the reporling period may be cstimated
from sitc data including water consumption, production losses and
rainfatl.

iay be directly monitored and total flows_ can be reported.foreach
rainfall cvent. May:be-cstinialcil from-the.cross scctional arca of

-(he-waler coursc and flow rates. Inherent crrors.duc:lo. differonees

in flow rates within walcr courscs, (c.g. cenire. [lows faster. than thc
sides and botlom), May be estimated from Australian Rainfall and
Run-off with sile ealibration.

Actual rainfall will vary significantly over large sites, particularly
when storm events provide a high proportion of total rainfall. Sitc
rainfall data should be used where available, Alternatively data
from the nearcsl mcteorological station may be used. Care should
be taken to ensurc that the data from off-sile mcteorological
stations is representative of rainfall af a particular sile.

Actual emissions will relate to run-ofT from the silc.which will,
depend on variables such as slopes, soil or rock types and
propertics, vegetation cover, soil permeability and moisture
content, total rainfall, rainfall inteosity and water usc: Significant
variations.will oceur between sites and froin.ycar to, year at. the
same sile. When flow data arc not available, guidance on run-off
as a proportion of lolal rainfalt can be obtaincd from personnel
within regional offices of state/territory Government primary
industry and/or water resourcés departiments,

The data will depend on (he samples taken, the variables analysed
and the analytical methods used. Waler quality samples arc
commonly collected using automatic samples, for subsequent
analysis. Continual monitoring and recording may be conducted
for certain parameters (c.g. pH, electrical conduclivity, and
specific melals). Samples conlaining suspended solids may be
filtered {o provide an analysis of the filirate and give dissolved
metal concentrations. Analysis of the total sample, involving an
acid digestion will give the total metal concentration in the sample
(i.e. dissolved plus suspended solid material). As most mefal
species are insoluble, a relatively high metal concentration would
sugpest an acid digest. I data on concentrations of total metals is
nol available, it may not be necessary (o cstimate these from other
infonmation sources

[nformation on suspended solids can be oblained from gravimetric
techniques from sampling or direct monitoring data: Such analyses
do not usually include trace clement concenirations: If suspended
solids data arc available, mass balan(,e calculations-can bg used to
cstimale coissions,

Mine surveys will give data on fand use within the arca of interest
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Information (c.g. alf sections of the ming, stockpiles, infrastructure, tailings and
cnvironmental dams, cleared and undisturbed areas). While
catchment areas of each [eature can be measured accurately, niun-
off, infiltration and sediment transport characlcristics will vary.
Without calibration for the site, any cmission cstimaltes based on
sub-catchment areas will introduce errors.

‘Trace mctal concentralions may be routinely available from
process moniloring (c.g. of concentrates and tailings). Trace metals
will be prcscvnl: in wasle rocks and sub-cconomic ore. Data may be
available rom geological modelling of the deposit, 1T

Trace clement
data on solids
(e.gz. wasle rocl,

concentralc, . .
b ¢ representative data arc not available for alf waste rock types,
{ailings) . . J
. estimates from incomplefe data will introduce crrors,
Relevant Background dala may be available [rom monitoring and
Background cnvironmental studics (e.g. water quality data, trace clement
Data concentralion in soils, suspended solids loadings).

In summiary, where reliable flow and water chemistry data arc available, emissions of metals

- and trace elements can be determined with a reasonable degree of accuracy. Reportable
emissions can be calculated from the product of the flows and the trace element
concentrations for those flows. Care should be taken Lo ensure that the data are sufficient to
fulty account for variations over the reporting period,
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APPENDIX 3J

LETTER FROM EASTERN WATER RESOURCES
DEVELOPMENT AND MANAGEMENT PLC. (EAST
WATER) TO ASSURE THE CAPABILITY OF WATER
ALLOCATION TO THE PROJECT
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APPENDIX 3K

CALCULATION SHEET OF THE RAW WATER POND OF
THE PROJECT
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GPD Pluak Doeng Power Plant Project

PRELIMINARY ~ SUBJECT TO CHANGE DURING DETAILED DESIGN I [NDT T0 BE USED FOR CONSTRUCTION ]
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Raw water pond capacity for GPD Project

Cooling water holding pond - 2

area of pond bottom 1

area of pond bottom 2

area of pond bottom 3

area of pond bottom 4

area of pond bottom 5

area of pond bottom 6

total area of pond bottom

high water level from pond bottom
volume from pond bottom to HWL
Area of section c-c above pond slope
length of circumference (at bottom)
volume above pond slope

total pond volume

29%x53/2=

{53+55)/2x221=

{55+82)/2x37=

(82+87)/2x66=

(87+24)/2x16=

24x8/2=

769 +11,934 + 2,535 + 5,577 + 888 + 96 =

21,798 x6.5=

(3x9/2)+{3.5x10)+(3.5x3x35/2)=

29 +221+37+ 66+ 16 + 8 +24+66 + 66+ 47 + 230 +60 =
870 x 67 =

141,687 + 58,181 =

769 m2
11,934 m2
2,535 m2
5,577 m2
888 m2
96 m2
21,798 m2

6.5 m
141,687 m3
67 m2

870 m
58,181 m3
199,868 m3

> 189,000 cu.m. OK
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APPENDIX 3L

CALCULATION SHEETS OF THE PROJECT’S PRE WATER
TREATMENT, DEMINERALIZED WATER SYSTEM,
NEUTRALIZATION SYSTEM AND DOMESTIC WATER
TREATMENT SYSTEM



GSRC & GPD
Water Treatment & Waste Water Treatment System

Introduetion
The bidder's technical proposni is based on the following system description and design phitosophy.
As desircd by the owner, this systew is common for all the four (4) power blocks.

Funoti
JT_llxl?!x:'ﬁé]ﬁun of the water pre trcatment plant is to treat the s water from the raw water reservoir for further use
a5 make-up water to cooling lower, service swater and fire water. The treated cffluent water from the clarifier will
be store in the clear well basin and from there it will be pumped to the service /Fire water storage tank through
mullimedia filters and portion of the clnrificd water will be pumped from the clear well basin to the wet caoling
1ower as make-up water, The filtered water from the multimedia filter will be stored in the service water fank ond i
will be used as feed to the demineralizer water plant, This filtered water in e service water storage tank will also
be used for potable purpose.

The function of the water troatment system (demincralized water plant (DMP)) is to treat the scrvice water {aNer
the multimedia filter) and to provide high quality deminernlized (DM) wnter as make-up to the main cycle, closed
cooling water system and for internal consumption within the power plant,

“The Function of thc waste water treatment system is to ncutratize the waste water from the watcr trentmient system
and diseharge to the waste water holding pond.

7

Total capacity of plant 3000 m*/r (clarifier outlet)

Quantity of Clarificrs 2 Nos. (2 X 50%)

Net capacity of each clarifier 1500 m*/hr (clarifier outlet)
Net capacity of DM 1800 m3/doy

No. of trains 2 (2 x 100% Capacity)
Flow rafe of cach train 80 m3/hr/ 48 h/cycle.

To Plant use.

Darnin Tank

Regeneration Water

NaOH

H2504

Mixed Bed

Newnliaitzn PR

To Waste Water Hoiding Pond

H2504
N3CH

Service Water for other use.

l

Sarvize

GSRC & GPO
‘Water Pre-treatment, Water Treatment & Waste Water Treatment- Process Flow Diagram

Backwash Water

Granuar
Foier
Thickener
Gver Fizw Tank

{

To Cooling Tower as Make-up

Clear wel Sasin

Potymer
Clasifier
Bell Press

Shdge Thickenar

Sludge for Dispasal

Potgmer

N3O
HaOH

[)C
Raw Water (nlat

Recycle water




Calculation Sheet, Water Treatment Plant

No. Description Formula Unit Remark
A_{Water Pre-Treatment System Design
1 _[Clarifier
1.1 IDESIGN DATA
~ Flow rate max (as per Mass Balance) F m3/hr 3056.67
1.2 |DESIGN CRITERIA
- Surface loading rate SL mihr 28
- Number of Tank N unit 2
1.3 [RESULT OF CALCULATION
- Surface area of separation zone required per tank FISUN m2 587.82
1.4 {DESIGN
- Tank diameter m 30
- Seperation zone of 30 m diamet Mfg Standard m2 594
- Tank separatlon zone area SA m2 594 > 587.82
seo 1 for exp! of seperation zone area calculation of 594 sq.m.
1.5 |CHECK
- Suriace overflow rate FISAIN mihr 2.57 < 28
2 _[Clear Well Basin
2.1 |DESIGN DATA
- Flow rate max, F m3/hr 3058.67
2.2 |DESIGN CRITERIA
- Detention Time, DT min 25
23 [RESULT QF CALCULATION
- Volume of Holding Tank F*DTI60 m3 1273.61
2.4 |DESIGN
- Volume of Holding Tank m3 1500
3 _|Sludge Thickener
3.1 IDESIGN DATA
- Flow rate {as per Mass Balance) F m3fday 1440.2
3.2 IDESIGN CRITERIA BY HYDRUALIC LOADING
- Surface loading rate SL miday 33
3.2.1|RESULT OF CALCULATION
- Surface area required per tank FIsL m2 43.64
- Tank diameter SQRT{FISL'4/PY m 745

:7/'<\'

h

No. Description Formuia Unit Remark
A _[Water Pre-Treatment System Design
3.3 |DESIGN CRITERIA BY SOLID LOADING RATE
- Suspended Solid sS mgfi 2993
- Solid loading rate Sob kg/mad 100
3.3.1|RESULT OF CALCULATION
- Surface area required per tank Fx8S/Sol. m2 4311
- Tank diameter SORTFBSAL 4] m 741
3.4 |DESIGN
- Tank diameler d m 8 > 7.45
- Tank surface, SA n*§2/4 m2 50.27 > 43.64
4 _{Sludge Thickener Over Flow Waler Tank
4.1 {DESIGN DATA
ultimedia Filter
- Filter Feed Pump capacily F m3/hr 116
- Backwash Pump capacity B m3/hr 442
4.2 |DESIGN CRITERIA
____IMultimedia Fllter
- Rinsing Step OiF min 10
- Backwash Step DTB min 10
- Number of irain N| trains 2
4.3 |RESULT OF CALCULATION
4.3.11Waste from Multimedia Filter
- Volume from Rinsing Step, VF F_* DTF* NM /60 m3 38.67
- Volume from Backwash Step, VB B *DTB * NM /60 m3 147.34
4.3.2]- Volume of Sludge Thickener Overflow Water Tank VE +VB m3 186.01
4.4 |DESIGN
- Volume of Sludge Thickener Over Flow Water Tank m3 250 > 186.01
5 iMultimedia Fiiter
5,1 |DESIGN DATA
- Flow rate max E m3/hr 116
5.2 {DESIGN CRITERIA
- Surface loading rate SL w/hr 9.78
5.3 [RESULT OF CALCULATION
- Surface area required per tank FISL m2 11.86
5.4 [DESIGN
- Tank dimension, dia x L. (Horizontal Tank) m 93.5x42L
- Tank surface, SA 3.5x4.2 m2 14.7 > 11.86
see atachmenl 2 for explantion of tank surface area calculalion of 14.7 sq.m,
5.5 |CHECK .
- Surface overflow rate FISA mihr 7.89 < 878

==




Jo

Water Treatment System and

Neutralization Basin

No. Description Formula Unit Remark
1_[Permeate Water Storage Tank
1.1 [DESIGN DATA
- Mixed Bed Feed Pump capacily F ma/hr 78
1.2 |DESIGN CRITERIA
- Detention time t min 30
1.3 IRESULT OF CALCULATION
- Volume F'Y80 m3 39
1.4 |DESIGN
- Volume of Permeate Waler Storage Tank m3 50 > 38
2 |Neutralization Pit
2.1 IDESIGN DATA
- Flow Rate of Regen Waste to Neut. Pit F1 m3iday 13.4
- Flow Rate of Laboratory Waste £2 ma/day 5
2.2 IDESIGN CRITERIA
- Regeneration time interval t day 2
2.3 |RESULT OF CALCULATION
- Volume of Neuiralizalion Pit {F1+E2) m3 36.8
2.4 |IDESIGN
- Volume of Neutralization Pit m3 50 > 368

Attachment 1: explantion of seperation zone area calculation of 584 sq.m.

Separation Area is calculated from the separation zone area, which is equals to total area of clariiier
(30 m dia) minus the mixing zone area (12 m dia) = pif4 x (3042-1242) = 533.76 approx 594 m2.

The area marked in Red color is the
mixing zone. (Bia: 12 mts).

The area marked in blue color is the

separation zone.

The diameter of the

mixing zone is 12 mts,

I - S — ,~_,‘ ’ g:;cagsﬁcu
seperation zone area is therefore = 1/4 x Pi x (DA2 - d*2)
=1/4 x 22/7 x (3072 - 1272)

=593.76 —_——
= 594 approx. sq.m.



Attachment 2: explantion of tank surface area calculation of 14.7 sq.m.

The proposed multimedia filter is Horizontal Type fiiter. The fiteration area of Horizontal type filter is section area which

is equals to dia x fength of filter = 3.6 x 4.2 = 14.7 m2.

ultime d 1

Dia of the Horizontal Filter = 3.5 mty

Lengih of the filter = 4.2 m(s.
Tiltration Area = Dia of the Tilter x Length of the Tilter.

Note: The filter shall be filled with the media with equal free board i.e half volume of
tank shall be filled with media (Indicated in Red Color.)
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ATTACHMENT-A

Sanitary wastewater treatment systems for GPD power plant:
-Sewage effluent from sanitary facifities will flow through drain to septic tank.

-The effluent from septic tank shall flow to sanitary pit, then shall be pumped to wastewater holding
ponds.

Capacity calculations as below:

Design occupancy Design potable water Design capacity of
(persons) consumption septic tank
{cu.m./day) {cu.m./day)
Administration Building 35 4,655 | 6 {3 cpd x 2 tanks)
Workshop/Warehouse 40 5.32 | 6(3 cpd x 2 tanks)
Guard House 6 0.798 | 3
Central Control Building 20 26613
Laboratory building 10 13313
Turbine building #1 10 13313
Turbine building #2 10 13313
Turbine building #3 10 13313
Turbine building #4 10 1333

3
R

Design water consumption 0.133 cu.m./person/day

}%Z—ZE}B'
v
o
&
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b

Packaged septic tanks will be selected for each building. Example of packaged septic tanks as |
followings {for example only). : )

s

ﬁ,
1/50
4

1/50

seclion plon S

{op plan S=1/50
P
middie plon S=

SEPTIC TANK ARRANGEMENT




«D
AQUA YOU CAN TRUST

Tank body is made of palyethylene ( PE.) L

The type of PE is Linear Low Density TypeMedium Densily (LLDPE) which s standardized by Thai Industrial Standard
No.816-2538. The tank is made by standardized process: pa'sée;i Vactium Test, Loaded Test. { National Standard of
'-Canada CAN/CSA-B66-MS0 ) with good enginéering praplit:és that tan ensure the tank will afford to soil pressure and

will not deform. Air Blawer

Special seleclion for easy instalfation and
energy saving. It can operate: witl low
noise - level around . 40:50° dB(A}; “wilh
fong _fife . Ume approximalely 20,000
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TR . o B0 AQUA_ It is special desighed 1o come

¥ tank, make it easy for instafiatioi and

Working as Fluidized moving bed”
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APPENDIX 3M

CALCULATION SHEETS OF THE PROJECT’S DOMESTIC
WATER TANK, DEMINERALIZED WATER TANK AND
WATER SUPPLY TANK



Calculation Data Sheet of Water Tanks

Name Type Capacity
Service / Fire Water Storage Tank Butt welded cone roof tank | 4200 m?
Demineralized Water Storage Tank | Butt welded cone roof tank | 6600 m® x 2
Potable Water Storage Tank Butt welded cone roof tank | 30 m?
1) Service/Fire Water Storage Tank
Number: One (1) per plant
Capacity: 1 day service water consumption plus 2 hours F/F pump capacity.
<Service water consumption>
- HRSG blowdown cooling water : 310 t/day
- Potable water : 30 t/day
- Water treatment system ;2311 Yday
2651 t/day ~----m- (a)
<Required F/F water >
682 m%h x 2 hours = 1364 M® werereere- ®)
<Required tank capacity >
a+ B : 2651 + 1364 = 4051 m3 > say 4200 m®
2) Demineralized Water Storage Tank
Number: Two (2) per plant
Capacity: 3 days demineralized water consumption of oil firing operation.
<Demineralized water consumption>
-GT water injection : 5074 t/day
-Cycle leak, sampling, laboratory, drain HRSG blowdown : 541 t/day
-Demineralized water from water treaiment system :-1700 t/day
3915 t/day

<Required tank capacity >

3915 t/day x 3 days / 2 tanks = 5872.5 m? > say 6600 m?

e

3) Potable Water Storage Tank
Number: One (1) per plant
Capacity; 3 days potable water consumption

<Potable water consumption>
75 persons x 133 liters /person/day : 10 m¥/day

<Required tank capacily >
10 m¥day x 3days = 30 m® > say 30 m?
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APPENDIX 3N

CALCULATION SHEETS OF THE PROJECT’S STORM
DRAIN SYSTEM AND STORM RETENTION POND



Storm water discharge calculation

Quantity of runoff {Qf}
The quantity of runoff is calculated by the following rational formula
Qf:AnxC/(a.ExlO’) (m:-i/se:) .
A: Drainage catchment area {(m2)
1: rainfall intensity {(mm/hr}
C: runoff coefficient
c far bﬁi!ding roof & equipment foundation: 0.90
¢ for concrete or asphalt pavement: 0.80
c for gravel + concrete area; 0.80
¢ for green area: 0.15
¢ for non-pavement area: 0.10
¢ for embankment slope area: 0.44

Capagity of storm water retention pond {volume

Capacity of storm water retention pond Is calculated by the following formula
Volume = Ax1x 3 hoursx {Ca - Cb) / 1000

V: capacity of storm water retention pond (m3)

A: Drainage catchment area {m2)

1: rainfall intensity (mm/hr} = 100 mm/hr

Ca: runoff coefficient after development = 0.7

Cb: runoff coefficient before development = 0.3

Size of gutters

Size of gutters is calculated by the following formuia
Q=A/nx (Rm b3 5”1)

Q: flow capacity of gutter {(m3/sec)

A: cross sectional area of flow {m2) = W xD

p: wetted perimeter {m} = W + 2D

W: width of drainage line {m})

D: depth of drainage line {m}

R: Hydraulic radius {m} = A/p

S: slope of gutter

n: manning roughness caefficient (0.012 for concrete gutter)

flow capacity of gutter is considered OK if it is 1,32 times of the runoff in its
catchment area; i.e. safety factor 1.32.

=

GPD Project
Calculation of reguired capacity of storm water retention pond
Storm water Storm water
retention pond - 1 retention pond- 2

Total catchment area (Rais} 252.87 239.44
Total catchment area {m2) 404,584 383,098
Runoff coefficient {before development) 0.3 0.3
Runoff coefficient [after development) 0.7 0.7
Rainfall intensity (mm/hr) 100 100
retention time {hr} 3 3
Capacity of storm water retention pond (m3) 48,550 45,972

Total required capacity

94,522



Storm water pond capacity for GPD Project

Storm water retention pond - 1
area of pond bottom .
high water level fram pond bottom
volume from pond bottam to HWL
volume above pond slope

total pond volume

Storm water retention pand - 2
area of pond bottom

high water level from pond bottom
volume from pond bottorn to HWL
volume above pond stope

total pond volume

Tatal capacity
51,666 +48,131 =

(168 +45)x158/2 =

16,827 x 2.7 =
{2.7x3}x2.7 /2 x {168 + 199 + 45 + 158}
45,4334 6,233 =

(198 + 149} x 90/ 2
15,615% 2.7 =

(2.7 x3)x2.7 /2% (90 + 198 + 109 + 149)
42,161+ 5971 =

16,827 m2

27m

45,433 m3

= 6,233 m3
51,666 m3 > 48,550 m30.K

15,615 m2
27 m
42,161 m3
= 5,971 m3
48,131 m3 > 45972 m3QXK

99,797 m3 > 94,522 m3 QK

==Sg

12m

4m

£~£ SECTION

s=1/500

secTion
s=1/300

o-o

90m

Storm Water Ponds
Plan and section

GPD Pluak Daeng Power Planl Project
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Fond 1res Pondiroue Eondrouiel ] EaodlsauiaB

Orainage knes &7 2-7] 5 13-1¢] T033|  1435] 1618 1517] 1897 17-39] 20-18]

[Upat dralnaze ine (1] p N K | 5-16] K 4 K 15.17] ]

Upstream drainags Bne 12} f ] - 4 - - 4 a7 -

Ugstream drainage ine (3} g : E R . r - E - | E

[A: Runoff area foaving) =2 - 6122 - 20795] 42351 40.283| 2a758] 87471 30796 73i2] 24758| 7812] 17,634 16510 -

A Runoff area {Hon Pavior) m2 18023 5033 55,123 - 4,292 - - - N - - - - 4,780 -

<t Runcfl coeffictant [paving) 071 23/ 3] 07 0] 0.7] o] 07 X} 0.7 o] [ [X] [¥] 0.7}
: RuncH casthaisat (vving) [tion Paving) 03] 9.3 03| 03] 03] 03] 0.3 o3 o3| 03 ~ 03 03] 03] 03 03!
n: Ratnfall nsensly ren/tr 11622 m623) 1ez2] w623l meazf weanl el mear] ueml  wisaal  wir] as2a) 1623] 3162 wmea
Qn-1: flow volume of ussiream area m3/zae 19393 - 31033 423721 63770
[Qn: fiow vlume from this rupolfares m3/sec 01977} 06346} 01785 0,414 -

0 Total flow velime with 32% safety factar = P
i 5.3708 68770

= [on-3]'+ 11325 x Gnl m3jzac 22002 | 08037 | 33288
Shaos ol deyin suttee
kw veidth of dranage ine ™ 0.70 1% 138 175 pe) T8 355
{B: depth of drainage fine fm 050 130 0.70
piwetted perimeters W 4 2D = 150 350 2
A cross sactional ared of fiow =W X O m) 02880 18000
o rouzh Ficlant of dralnage ine 0.0120 00139
R: Bydraults cadius = Afp. m 0,1857
5: tlopa of gutter % 013%] 0.14%)
Q: fiow eapacity of gutter Q= A/nx (R x 57 mi/zae 0.2852 roaen| o7ses] ovozol tesaz] 12332
hﬁw caacity of putter] - (132% of tequired fiow} mafsec 0.0547 00876 oc821| 008171 056 00328 0.4547
U{fiow Capacity of gutter - 132% Sf required Faw] > 0 than OF AR M
I (Fow capacity of gutter - 132% of required flow] < 0 then not K| oK oK or ox Ok oK oK ox 73 oK oK ox ox ox oK

Calculation of storm wiater drainane lines of GPO Projest
Pond 2routek | Pord 2 cpute®
Dreinage fines 3475 2&27! 2 33
E 4-5] 12}

[Upstream drainags fins {1} | K

tream drainage fins (2] N ’ ’ g . 5.2
Usstream drainage fioz (3} - - ] - ~ - « E| g .
v
A: Runcff srea (paving) m2 N M T N N - T
A: Runcff aces {Non Pavinel m2 42,030 41370 1saos] 117951 1maoa| 25,134 10508
< Runof 7 i ©7] 07 0.7 0 [¥ 97 o]
& Ronaft eostficient [paving) [tan Paving) [X] [X 3] 23] 03] 03| 03
oz Fainfall intensity mandhy 11621 11622 ieml  we2al 16| 1623 11622
Aidand
Qn-L: fiow volume of upstresm ares m3/sec . - 17353 - 015081 236741 23204
Qn: flow yolume from this runafl area m3fenc 04071 04507 014921 011431 01a71| 03500 Olots
0 Total flow velume with 32% rafety fastor. . S i i s e g s
= (G2l + (1323w Q0] L md/zac 05373 ‘o528 |- Liigvea i 0as0e c0.3932 ] 38294 |- 2.8637
$haga.of drain eustor

[V/; width of drainage fine m. 160 183 150 0.78 100 350 8.70 1.00 1,68 179

D: depth of drainage line m 0.50 0,40 50 0,80 0,40 0.50 100 109
8: walted serimeter = W +20 m 200 1.50 200 330 1.50 200 3.80 EN)
Ix cross sectional area of flow =W x O m2 95000 o.28co| osvoo) 123000] o.2300] o.5000! 160001 17000
n: roughness coafficlant of drainage Hine 0.0120 0.6120{ 0.0120] 00120} 001230} 00120} 0.0120] 0.0312)
R: Hydrauke radivs = Alp m 02500 0.1867] 02500 03871 0.1867] 0.2500] 0.4444| 028555
5: slope of gutter % 8.14%) asatti  oxasl  02a%]  oadm]  oaex|  01a%l

oa8s2] 063187| 190874} 0.28521 o6187} 2.9585| 31562

a2 flow capaciy of guttar Q= Alnx (R x5V} Im3fsee 06127
c.0401] 01177 00112 01343 09,2275 207611  0.1925

Flow tasachy of putter] - [132% of coguired fow] m3/see 8.0218
i {flow capacity of gutter - 132% of required flow) > 0 then OK]
if {Flow capacity of guttar - 132% of required flow} < 0 then nat O] oK 13 o% ox oK oK oX oK oK oK

B g
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ROUTED
ROUTEE
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GPD Pluok Daeng Pawer Plant Project

DIAGRAM OF RAIN WATER

3 2. g0 DRAINAGE SYSTEM WITHI
ML 12000 THE PRQJECT SITE
! LIMEARY - SU HANGES DURING DETA SBR[
2015/04/16
Peadrouted | Popdioouted Eand lrouteC T Pend Lerure iy

Dizinaze Gnrs &7 80 0] 13a4] W01 1a1s] 1615|157 1B.i7]  17-19] 2018 1823 2133]  33LF] iLiZ
Upstream drainage an (11 - ] s ’ EE T EIRAE R ROUTE A
[Upstream drolnsae line (23 5 | | S 1310 A 1618 T Y 2019) 2022 108 e e, ROUTE B
Shape of devi stier — % ROUTEC
: vAGth of crsbnone e 370 . 50 Tl 130 150 20 RTX S M X T) EX%) ROUTE D
D depth of dromage ke 040 0% aio T30] 970 130] 070 135 150 ROUTE E
ROUTEF
N ROUTE G

.
Bandeatte £ ! Sead 2routa R Bond Ttoute Bpad Zrouta
Drainage bras 2435 2637 1.2 2-5] 52 FEINEESE) 53] 336301
Upsieeam crainoge llge (1] - | - e a3 12| ERELEE 353 330]
Upsteeam érinage line (2) - B | 53 - . 23| 4o « S
[Shape ot deain ruster
W: width of dedinage ipg 160 168 138 ¥ 10D 136 550 ¥ 180 170 oA 1N
i death of dramoge Foe 050 X 070 020 050 az8 0.30 [iX7) 10 100
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GPD Piuck Deeng Power Plant Projact

OIAGRAM OF RAIN WATER
ORAINAGE SYSTEM WITHIN
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Storm water discharge from Pluak Daeng Power Plant to Rojana Industrial Park drainage system:

Storm water pond -2, catchment area is 239.44 rais or 383,098 sq.m.

Storm water pond -1, catchment area is 252.87 rais or 404,584 sq.m.

Storm water discharge after project development will be the same as before project development,
i.ec=03

Therefore; storm water discharge from pond -2 will be:
(383,098 sq.m.) x (100 mm/hr} x {1/1000 m/mm} x (0.3} x {1/3600 hr/sec)
= 3,193 cu.m./second or 11,493 cu.m./hr

and; storm water discharge from pond -1 will be:
(404,584 sq.m.} x {100 mm/hr} x (1/1000 m/mm) x {0.3} x {1/3600 hr/sec})

= 3,372 cu.m./second or 12,138 cu.m./hr

Storm water discharge from pond -2 will be discharged into Rojana’s u-ditch at STA 0+620 {P2 to P3})
of Rojana’s east gutter. Capacity of Rojana’s u-ditch at STA 0+620 is 18,185 cu.m./hr, whichis
higher than 11,493 cu.m./hr =>> OK.

Storm water discharge from pond -1 will be discharged into Rojana’s u-ditch at STA 0+940 (P3 to P4)
of Rojana’s east gutter. Capacity of Rojana’s u-ditch at STA 0+940 is 185,205 cu.m./hr, which is
higher than (11,493 + 12,138 = 23,631 cu.m./hr) =>> OK.

Calculation of Rojana’s u-ditch is on the following pages...

storm water discharge

storm water discharge

[nor 706€ Usto For consTRucTIon |

[Prefiminary - subject 1o changes during detailed dasign

GPD Pluck Daeng Power Plant Project

Plot Plan
showing siorm waler discharge Jocations

3615704 /16

SCME 12500

[& e voix warre pon.




APPENDIX 30

CALCULATION SHEETS OF STORM DRAINAGE RATE
FROM THE PROJECT AREA AND CAPABILITY OF STORM
DRAINAGE SYSTEM OF PLUAK DAENG INDUSTRIAL
PARK
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DRAINAGE CALCULATION SHEET

OF

ROJANA INDUSTRIAL PARK, PLUAK-DANG; RAYONG

DRAINAGE CALCULATION OF CONCRETE U-DITCH

This calcutation use two equations as follows:

Qg = CiA

for RUNOFF

C = AVERAGE RUNOFF COEFFICIENT
i = INTENCITY OF RAIN FALL
A = CATHMENT AREA

Q=1 AR® "

for OPEN CHANNEL FLOW

6-Mar-2013

= 0.79
= 110.0  mm/hr

n = ROUGHNESS COEFFICIENT (= 0.015 for concrete surface)
A= WATER SECTION AREA
R = WATER SECTION AREA / WETTED PARIMETER
S = SLOPE OF U-DITCH

il
33 NAME OF ROAD : Na. Road A
ELEVATION OF THIS CATHMENT AREA (#1/2)

EAST Sta.0+520 - 0+940 m.

‘ (from point #P2' to #P3)

= + 7136 m.

STARTING ELEVATION OF THIS ROAD = + 76.36 m. l Slope of Road |
ENDING ELEVATION OF THIS ROAD = + 7636 m. | i;0 0% |
DETAILS OF U-DITCH GUTTER TYPE :

STA. | LENGTH | ACC. AREA| RUNOFF, Qg n S Dep. ELV. w A R Qy

{m) (m?) {m3fhr) {unitiess) | {m) | {(m) /ér;{)k/ (m2) 1 (m3h)
CK: 0+620 100 146,095 12,695.68 0.015( 0.00333 | 083 1+ 75531 250 2.0% 0.500 | 18,185.39 )

0+820 300 438,286 38,087.03 0.015 | 0.00333 | 150 |+ 74.86] 2.50 3.75 | 0.682 | 40,252.63

0+920 400 584,381 §0,782.70 00151 0,00333 | 1.83 |+ 74.53| 2.50 458 | 0.743 | 52,109.80

0+940 420 613,600 §3,321.84 00151 000333 [ 1.80 [+ T7446] 250 475 1 0.754 | 54,522.98

34 NAME OF ROAD : No. Road A EAST Sta.0+940 - 1+082 m. {from point #P3' to #P4)

ELEVATION OF THIS CATHMENT AREA (#3) = + 76.36 m.
STARTING ELEVATION OF THIS ROAD = + 76,36 m. [ Slope af Road ]
ENDING ELEVATION OF THIS ROAD = + 70,86 m. [ 1. 26 385% |
DETAILS OF U-DITCH GUTTER TYPE H

STA. | LENGTH | ACC. AREA| RUNOFF, Qq n S Dep. ELV. W A R Q

e htE AR AR I A,
§3,321.84 0.015] 0.03846 | 1,90 | + 74.46] 2.50 4.75 1 0,754 | 185,205.36 D
1+082 142 0 53,321.84 0.015 | 003846 { 1.90 |+ 69.00{ 2.50 475 | 0.754 | 185,205.36

35 NAME OF ROAD :
ROAD'S ELEVATION OF THIS CATHMENT AREA

From Gutter Road A-EAST o Road A-WES'

= + 76.36 m.
DETAILS OF U-DITCH GUTTER TYPE : BOX CURVERT
STA. | LENGTH [ ACC.AREA| RUNOFF, Qg n} 8 Dep. | ELV. w AR - Qy
{m} {m2) {m3fhr) ' {unilless) § (m) {m) {m.) (m2}. .. {m3/hr)
Road A 53,321.84 0.015 | 0.00400 | 1.50 |+ 69.00] 3.00 4,50 | -0:750-] 56,384.70
14082 40 53,471.04 | 0,015 | 0.00400 | 1.50 | + 68.84] 3.00 | 450 ] 0.750 | 56,384.70

36 NAME OF ROAD : No, Road A
ELEVATION OF THIS CATHMENT AREA (f3)

WEST Sta.0+520 - 0+940 m.

(from point #P2' to #P3')
+ 7536 m.

STARTING ELEVATION OF THIS ROAD =+ 7636 m. [ Slope of Road ]
ENDING ELEVATION OF THIS ROAD =« 7636 m. 10 0% |
DETAILS OF U-DITGH GUTTER TYPE :
STA. | LENGTH | ACC.AREA| RUNOFF,Qz | n S Dep. | ELV. W A R Qy
{m) {m?) {m3fhr) {unflless) | {m}) {m) {m.) {m2) {m3fhr)
0+520 0 0 000 0,015 ] 0.00125 | 050 |+ 74.86] 1.50 | 0.75 | 0.300 | 2,861.95
0+620 | 100 17,257 149865 | 0.015 | 0.00125 | 0.63 |+ 74.74| 150 | 0.94 | 0,341 | 3,882.07
0+720 | 200 34,514 299929 | 0.015 | 0.00125 | 0.75 [+ 7461| 1.50 | 143 | 0.375 | 4964.09
0+820 | 300 51,771 449894 1'0.015 | 0.00125 | 0.88 | + 74.49] 1.50 | 1.31 | 0404 | 6,084.75
0+020 | 400 69,028 599856 | 0.015 | 0.00125 | 1.00 |+ 74.36] 1.50 | 150 | 0.499 | 7.335.02
0+940 | 420 72,480 620851 | 0.015 | 0.00125 | 1.03 |+ 74.34] 1.50 | 154 | 0433 | 7468.03
37 NAME OF ROAD : No. Road A WEST Sta.0+969 - 1+082 m, {from point #P3' to #P4)
ELEVATION OF THIS CATHMENT AREA {(#3) =+ 7536 m.
STARTING ELEVATION OF THIS ROAD = +763m | Slope of Road |
ENDING ELEVATION OF THIS ROAD =+ 7086 m. 1% 385% |
DETAILS OF U-DITCH GUTTER TYPE :
STA. | LENGTH | ACC, AREA] RUNOFF,Qq [ n S Dep. | ELV. W A R Qy
{m) {m2) (m3fhr) {unitless) § {m} {m) (m.} {m2) {mdhi)
0+940 0 0 6,200.51 | 0.015 | 0.03846 | 1.03 | + 7534] 1.50 | 154 | 0.433 | 41,425.16
14040 100 0 629851 | 0.015 | 0.03846 | 1.03 |+ 71.49] 1,50 | 154 | 0.433 | 4142516
1+082 142 0 6,29851 100151 0.03846 | 1.03 | + 60.87] 1.50 | 154 | 0.433 | 4142516
38 NAME OF ROAD : From Main gutter of Road A-Zone 2 & Boxcurvert to Pondit
ELEVATION OF THIS CATHMENT AREA =+ 7636 m.
STARTING ELEVATION OF THIS GUTTER =+ 7086 m. | Slope of Gutter ]
ENDING ELEVATION OF THIS GUTTER =+ 7000 m. {173 043% |
DETAILS OF U-DITCH GUTTER TYPE :
STA. | LENGTH | ACC. AREA| RUNOFF,Qu | n S Dep. | ELV. w A R Qy
(m) (m2) _{m3/hr) (unilless) | (m) (m) m) | (m2) {m3/hr)
0+(00 0 0 50,620.35 | 0.015| 000833 | 2.02 |+ 68.84| 250 | 505 | 0.772 ] 93211.46
0+100 | 100 [ 56,620.35 | 0.015 | 0.00833 | 243 |+ 66.01| 250 | 606 | 0,825 | 116,860.11
0+130 130 0 59,620.35 | 0.015 | 0.00833 | 2.65 | + 66.92| 250 | 637 | 0.838 | 124,043.50
0+200 | 200 0 50,620.35 | 0.015 | 0.00833 | 2.83 | + 67.17) 250 | 7.07 | 0.867 | 140,931.35
39 NAME OF ROAD : No.RoadA  EAST Sta.0+520 - 0+040 m. (from point #P2 to #P1')
ELEVATION OF THIS CATHMENT AREA (#2) =+ 7228 m,
STARTING ELEVATION OF THIS ROAD =+ 7636 m. | Slope of Road |
ENDING ELEVATION OF THIS ROAD =+ 6020 m. [ 1:30 313% |
DETAILS OF U-DITCH GUTTER TYPE :
STA. | LENGTH | ACC.AREA] RUNOFF, Qg | n [ Dep. | ELV. W A R Q
(m) (m2) (m3fhr) (unitless) | (m) (m) m) | (m% (m3hr)
0+520 0 [] 0.00 0.075 | 003333 | 0.50 | + 75.86] 150 | 0.75 | 0.300 | 14,727.40
0+420 | 100 29,667 257803 1 0.075 | 0.03333 | 050 |+ 7253| 150 | 0.5 | 0.300 | 14,727.40
0+320 | 200 58,333 515607 | 0.015 | 0.03333 | 050 | + 69.19] 150 | 0.5 | 0.300 | 14,727.40
0+220 | 300 89,000 773410 10.015 | 0.03333 | 0.50 | + 65.86] 150 | 075 | 0.300 | 14,727.40
0+120 | 400 118,667 1031213 10,075 | 0.03333 | 050 | + 6253 150 | 0.75 | 0.300 | 14,727.40
0+040 | 480 142,400 13,374.56 | 0,015 | 0.03393 | 0.50 | + 59.86) 150 | 0.6 | 0.300 | 14,727.40
40 NAME OF ROAD : No.Road A WEST Sa.0+520 - 0+040 m, {irom point #P2 to #P 1)
ELEVATION OF THIS CATHMENT AREA =+ 7228 m,
STARTING ELEVATION OF THIS ROAD =+ 7636 m, [ Slope of Road |
ENDING ELEVATION OF THIS ROAD =+ 6020 m. 71730 303% |
DETAILS OF U-DITCH GUTTER TYPE :
STA. | LENGTH | ACC.AREA| RUNOFF,Qz | n S Dep. | ELV. W A R Qy
{m) (m2) {m3/hr) (unitless) | (m) {m) (m.) {m2) (m3/hr)
0+520 [i] 0 0.00 0.015 [ 0.03333 | 0.50 | + 75.86| 1.00 | 0.50 | 0.250 | 8,694.55
0+420 100 5,000 434.50 0.015 | 0.03333 | 0.50 | + 7253| 1.00 | 050 | 0.250 | 6,694.55
0+320 | 200 10,000 §69.00 0.015 | 0.03333 | 050 | + 69.19| 1.00 | 050 | 0.250 | 8,694,655
0+220 | 300 15,000 1,303.50 | 0.015 | 0.03333 | 0.50 | + 06586/ 1.00 | 050 | 0.250 | 8,694.56
0+120 | 400 70,000 173800 | 0.075 [ 0.03333 | 0.50 | + 6253| 1.00 | 0.50 | 0250 | 869455
0+040 480 24,000 208560 | G.015 [ 0.03333 ] 0.50 |+ 5986 1.00 | 0.50 | 0.250 | 665455
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Appendix 2P

Calculation sheets of dike capacity at

oil contaminated area



Comment PC 17
Potential of holding oily storm water

Qil Tank area

Qil Tank

té“‘—‘ 110m x 56m >
114m x 59m
Qil Tank area 114m x 59m = 6726 m2
Rain Water Intensity with 15 minute time duration of 10 year return period = 116.22
mm/h
Volume of storm water 6726 m2 x 0.11622 x 16/ 60 = 195.5 m3
Oil Dike Capacity 110m x 55m x 2.85m = 17,242m2

Tank volume in the Dike area 18,62 x 3.14 x 2.85 x 2= 6,126m3
Oily water Holding Capacity 17,242 — 6,126 = 11,116 m3 << 185.6m3

For Trans area
Main Trans

LATIT Iny

Unit Trans

]
__3 10m

l

25m

Gravel

Grating

a —a Section

Trans area 26m x 12m + 10m x 9m = 390 m2

Rain Water Intensity with 16 minute time duration of 10 year return period = 116.22
mm/h

Volume of storm water 390 m2 x 0,11622 x 15/ 60 = 11.4 1n3

Qil Dike Capacity 390m2 x 1m = 390 m2

Trans foundation volume in the Dike area (10m x 2m + 5m x 2.5m) x 1m = 32.5m3

Oily water Holding Capacity 390 — 32.5 = 357.5 m3 << 11.4m3
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APPENDIX 3P

CALCULATION SHEETS OF DIKE CAPACITY AT OIL
CONTAMINATED AREA



Comment PC 17
Potential of holding oily storm water

Qil Tank area

Qil Tank

té“‘—‘ 110m x 56m >
114m x 59m
Qil Tank area 114m x 59m = 6726 m2
Rain Water Intensity with 15 minute time duration of 10 year return period = 116.22
mm/h
Volume of storm water 6726 m2 x 0.11622 x 16/ 60 = 195.5 m3
Oil Dike Capacity 110m x 55m x 2.85m = 17,242m2

Tank volume in the Dike area 18,62 x 3.14 x 2.85 x 2= 6,126m3
Oily water Holding Capacity 17,242 — 6,126 = 11,116 m3 << 185.6m3

For Trans area
Main Trans

LATIT Iny

Unit Trans

]
__3 10m

l

25m

Gravel

Grating

a —a Section

Trans area 26m x 12m + 10m x 9m = 390 m2

Rain Water Intensity with 16 minute time duration of 10 year return period = 116.22
mm/h

Volume of storm water 390 m2 x 0,11622 x 15/ 60 = 11.4 1n3

Qil Dike Capacity 390m2 x 1m = 390 m2

Trans foundation volume in the Dike area (10m x 2m + 5m x 2.5m) x 1m = 32.5m3

Oily water Holding Capacity 390 — 32.5 = 357.5 m3 << 11.4m3
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APPENDIX 3Q

FLOOD STUDY REPORT FOR WATER RESOURCES
RECEIVING EFFLUENT FROM PLUAK DAENG POWER
PLANT
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APPENDIX 3R

EXAMPLE OF REGULATION OF WORKERS CAMP



EXAMPLE OF REGULATION OF WORKERS CAMP

To maintain order and prevent damage to the property of the company. Also, to ensure efficiency
practice and safe in the hygiene and environment of workers. Workers must comply with the
following rules.

1.

8.
9.

10.
11.

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

Workers stay in camp site must be employee of company only. Prohibit for others except get
permission from project director.

Workers must submit copy of ID card to register with camp site manager before stay in camp
site.

Do not change room without permission.

All residents must keep their room and the surrounding area clean. Solid waste must be
trashed only at providing area.

Other uses of the room are prohibited. It can be used only for accommodate only.
Forbidden to open shop or trading and open laundry shop.

Do not modify rooms, including electrical equipment. If damaged, the occupants will be
responsible.

Do not connect water supply hose directly to the room.

Car wash in the area is prohibited.

Do not take a bath, do laundry, urinate or defecate outside designated area.

Do not make any disturbance to others, such as opening loud noise of the television, the
radio after 10 pm.

Do not disturbing others such as watching TV or listening to radio with loud noise.

Any kind of gamble is prohibited

Drug use and sell including possess of illegal substances are prohibited.

Forbidden to carrying all types of weapons within the camp area.

Do not conduct illegal and inappropriate activity in the camp area.

Firework is prohibited. Set up a fire in the room is also prohibited.

Do not take company’s belongings out of camp site without permission.

People without permission is not allowed to enter the camp area.

Do not damage, demolish camp site fence or trespassing nearby area.

Pets are not allowed.

Camp site head will be in charged to control the orderly in the camp area. If any prohibit activity
has been conducted, camp site head will report to project director to further consider proper
punishment.
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APPENDIX 3T

ENVIRONMENTAL MITIGATION AND MONITORING
MEASURES FROM ENVIRONMENTAL IMPACT
ASSESSMENT REPORT OF PLUAK DAENG INDUSTRIAL
PARK (FIRST EXTENSION PHASE)
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APPENDIX 3U

DETAILS OF DRY LOW NOy COMBUSTION AND WATER
INJECTION TECHNOLOGIES



Dry Low NOxX emission technology

Feature of DLN Combustor
-In conventional diffusion type combustors, fuel is directly supplied to where combustion air is supplied.

-On the other hand, in premixed type combustor (Dry Low NOx combustor: DLN combustor) configuration,
combustion air is supplied at the swirler portion. Since combustion air has strong swirl, fuel and air deeply
mixed. Therefore, quite few NOx generated in premixed combustion.

-In order to stabilize their flame, smail amount of pilot fuel is supplied.

Conventional (Diffusion) DLN (Pre-mixed)

. (1) Pre-mixed
Alr Main Nozzle
»

(2) Pilot Nozzle

[ Features of DLN is as follows I
(1) Pre-mixed combustion enables Low emission

s
o

(3) Advanced Steam

(2) Small pilot fuel for flame stabilization - L
Cooling Circuit

(3) Advanced cooling technology to reduce metal temperature

Dry Low NOx emission technology

Principle of DLN Combustor

-NOx emission generated by combustion is dramatically increased by higher turbine inlet gas temperature.

-DLN (pre-mixed) combustion has high-Potential technology for low-NOx combustion.
Uniform and even combustion can be made by mixing the fuel and air uniformly before reaching to the
combustion zone, which enable the very low NOx emission combustion.

@) FLAMMABLE RANGE
High
Emlssmn Diffusion
~} 2 Combustion
€ IIII','{////////
DLN (Pre-mixed) S |
AIR - Low Pre-Mixed
— 5 Combustion
= / PREMIX E Emission
FUEL i — {_FLAME ]
PREMIX Low— AIR RATIO — High
NOZZLE NOx EMISSION CHARACTERISTIC




Introduction of DLN Combustor

Water Injection technology
-In fuel oil firing, NOx emission is higher than fuel gas firing because of local temperature of flame is higher .

-In order to reduce local temperature of flame and control NOx emission, water injection is supplied for DLN
combustor. The water injection flow rate is controlled according to actual gas turbine generator output.

Characteristics of the fuel oil firing Spray water functions as atomizing
optimization of the fuel oil

Pilot Fuel Ol

Fuel Gas

Blue Flame

NOx Characteristics
vs Water Injection

Fuel Oil

Local Temp: Low

\ Local Terhp: High/

NOx (ppm)

Locat Temp of Flame (deg.C)

Low« Water Injection Ratic — High




APPENDIX 3V

CERTIFICATE OF AIR POLLUTION ABATEMENT
EFFICIENCY FROM THE MANUFACTURER



GE Power

Rachata Sankhavanija
Commercial Leader - Asia

25th Floor CRC Tower, All Seasons Place
87/2 Wireless Road, Lumpini, Pathumwan
Bangkok 10330, Thailand

26 July 2016

Guif PD Company Limited

11" Floor, M. Thai Tower, All Seasons Place,
87 Wireless Road, Lumpini, Pathumwan,
Bangkok 10330 Thailand

Attention: Mr. Jirapat Archalaka
SVP II - Engineering Department

Subject: GPD - Pluak Daeng Power Plant Project - Air Emission

Dear Sir,

GE are pleased to confirm that the following air emission limitations will be met by our proposed
combined cycle power plant from minimum generation load (375MW of net combined cycle block
output) to base load:

Gas firing operation:

NOx: not more than 59 ppmvd
SOz not more than 10 ppmvd
Particulate matter: not more than 20 mg/Nm?

Qil firing operation:
NOx: not more than 99 ppmvd
SOz not more than 20 ppmvd
Particulate matter: not more than 35 mg/Nm3

[Figures for NOx, SO, and particulate matter are expressed at 25 deg.C, 760 mmHg, 7% 0z and
dry basis.]

Sincerely yours,

Rachata Sankhavanija
Commercial Leader - Asia
GE Power - Gas Power Systems



APPENDIX 3W

LETTER FROM PLUAK DAENG INDUSTRIAL PARK TO
ASSURE ABILITY OF MANAGEMENT OF WASTEWATER
FROM PLUAK DAENG POWER PLANT
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APPENDIX 3X

CALCULATION SHEETS OF THE PROJECT’S
WASTEWATER HOLDING POND AND COOLING WATER
HOLDING POND



e

A=A SECTION

Se1/500

74m i\“
= T .
"l 19,000 “
63m cu.m.
v 4
i, N r3

COOLING WATER HOLDING POND
S=1/2500

RELIMINARY - SUBJECT TO CHANGE DURING DETAILED DESIGN WOT 70 £€ USED FOR CONSTRUCTION

GPD Pluck Deeng Power Plan{ Project

Cooling Water Holding
Ponds
Plan and section

R

Cooling water holding ponds capacity for GPD Project

Cooling water holding pond -1
area of pond bottom

high water {evel from pond bottom
volume from pond bottom to HWL
volume above pond slope

total pond volume

Cooling water holding pond - 2
area of pond botitom

high water ievel from pond bottom
volume from pond bottom to HWL
volume above pond slope

total pond volume

90x 63 =

5670x2.8=
(2.8x3) x 2.8 /2 x {90 + 63 + 90 +63) =
15,876 + 3,599 =

(90 x 39) + {90 + 53) / 2x 35} =
6,013x2.8=

(2.8x3)x2.8/2x(90+74 + 53 +50 + 39) =
16,835 +3,599 =

5,670 m2
28 m
15,876 m3
3,599 m3
19,475 m3

6,013 m2
28m
16,835 m3
3,599 m3
20,434 m3

TOVS0A TR

> 19,000 cu.m. OK

> 19,000 eu.m, OK




Gulf Pluak Daeng Power Plant Project

Capacity of Waste Water Holding Pond 1 And Waste Water Holding Pond 2

Each of the waste water holding pond is designed to have a capacity of 1.5 day wastewater holding,
or 75 cu.m./pond.

Dimension of each pond as below:

6m

Waste Water Holding Pond 1 & Waste Water Holding Pond 2 ~ Capacity Calculation

Width 6.0m
Length 6.0 m
Depth 2.5m

Volume =6.0x6.0x2.5=90m?*>75m? ..0K

—
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APPENDIX 3Y

DETAILS OF WASTEWATER MANAGEMENT SYSTEM OF
PLUAK DAENG INDUSTRIAL PARK
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APPENDIX 3Z

DETAILS OF WATER DRAINAGE SYSTEM AND FLOOD
CONTROL OF PLUAK DAENG INDUSTRIAL PARK
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1 2760 62.07 62.11 62.11
2 2720.* 62.02 62.06 62.06
3 26807 61.92 62.01 62.01
4 2640 61.9 61.94 61.94
5 2600 61.82 61.86 61.86
6 2550.* 61.74 61.78 61.78
7 2500.* 61.69 61.73 61,73
8 2450 61.65 61.69 61.69
9 2400 61.62 61.66 61.66
10 2350.% 61.59 61.62 61.62
11 2300.% 61.55 61.59 61.59
12 2250 61.52 61.55 61.55
13 2200 61.48 61.51 61.51
14 2150.¢ 61.42 61.46 61.46
15 2100.* 61.35 61.39 61.39
16 2050.% 61.25 61.28 61.28
17 2000 61.03 61.06 61.06
18 1950.* 60.79 60.82 60.82
19 1900.% 60.57 60.59 60.60
20 1850 60.36 60.38 60.39
21 1800 59.840 59.89 59.86
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34 1000 59.29 59.36 58.46 FUMLATLADATBIENG 1T 1
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51 0 57.2 57.70 56.5
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1 2200 76.39 76.48 76.48
2 2150 76.33 76.42 76.42
3 2100 76.25 76.34 76.34
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5 2000 75.59 75.66 75.66
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43 200 59.79 60.37 58.83
a4 150.% 59.56 60.17 58.9
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47 0 58.97 59.46 58.97
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32 0 59.15 59.32 58.33
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APPENDIX 3AA

CALCULATION SHEETS OF FIRE WATER TANK AND
PUMPING RATE OF FIRE PUMPS



Design Concept of the Fire Water Supply system

The fire water supply system consists of fire water tanks, fire water pumps and fire water
ring main yard piping with corresponding sectional isolation valves. The fire water source will
be fed from Service Water / Fire Water tank with effective storage to cater for more than 2
hours fire water supply to fire water pumps in accordance {o NFPA 850 chapler-6.2.6
recommendation.

The fire pumps are sized based on the calculated largest water demand as described in
Chapter-6.2.1 of NFPA 850 recommendation.

Hence, the required amount of fire waler and tank capacity is as below.
<Service Water / Fire Water Storage Tank>
Number: One (1) per plant

Capacity: 4200 M wemeeee (a)

<Required F/F water >
682 m%h x 2 hours = 1364 m®

<Service Water Consumption >
- HRSG blowdown cooling water  : 310 t/day

-~ Patabie water < 30 vday
- Water trealment system 12311 Vday
2651 tday -~ ®)

<Required tank capacity >
a-p:4200~2651= = 1549 m3 < 1364 m’ (required fire waier consumption)

=8

Calculation Data Sheet of Required F/F water (F/IF pump capacity)

ltem Capacity

Required Fire Water (F/F pump capacity) | 682 m%h (3000GPM)

1) Water Demand Calculation for Fuel Oil Tank — Tank Cooling

- Tank Diameter (d) 1369 m

- Tank Height (h) :13m

- Densily of Discharge : 2 (Umin)/m?

- Water Demand (2 x W x d/2 x h x 2) : 3014 Vmin - (@)

2) Water Demand Calculation for Fuel Oii Tank — Foam System

- Tank Diameter (d) 1369 m

- Surface Area (11 x 12} (A) : 1069.41 m?

- Density of Discharge 4.1 (LUmin)/m2 (According to NFPA 11)
- Foam / Water Demand (A x4.1) : 4385 lfmin ~----—- {B)

3) Total water demand for Fue! Oil Tank — Tank Cooling + Foam System
- Complete 2 spray ring of tank on fire operators (a) : 3014 /min

~ 1 outdoor water hydrant 1890 {/min : 1890 I/min (According to NFPA BS0)

- Foam System of Tank on fire operates {p) 14385 V/min

=3 foam hydrants . 567 lfmin {According 1o NFPA 11}
9856 I/min

9856 l/min = 2604 GPM > say 3000GPM = 682 m¥%h

=X
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APPENDIX 3AB

SAFETY PROCEDURE REGARDING SPILL PREVENTION
AND CONTROL PLAN
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3.0

3.1,

PURPOSE

This procedure descibes the requirements of Hazardous Wasle Operalions and Emergency
Response (HAZWOPER). The objective of this proceture is to protect personnal and the surrounding
cominunity Irorn exposuse 1o hazardous chemicals because of a spillfrelease. These guidelines wilt be
used to develop the sile’s Hazardaus Wasle Emergency Spill Response Plan and Training Program.

RESPONSIBILITIES

The Plant Manager shall

2.1 Ensure @il personnel read and understand this proceduras and striclly adhere to the
eqguitements,
2,12 Provide disciplinary acllon for noncompliance.

2.1.3 Evaluate plant operations and personnel lo determine the level af emergency spill response
and ensure (hat the Project Training Program addresses this level of instructicn,

2.14 Ensure that an emergency response plan is written.

210 Ensure that drills are conducled and critiqued to identily sharlcomings.
216 ftevise the plan a5 necessary.

‘The Enviranment, 1ealth and Safety Manager shall:

2.2 Develop the sile-specilic training program.

222 Ensure all personnel receive training as outlined in this procedure.

Ensure all training Is documented and conducled in the Hmo period required.

2.2.4 Enssire all necessary equipment and wiitlen plans are available and malntalned In a siate of
readinass for inspeclion by authorlties or in the event of a disaster,

225 Ensure equipmient is inspecled monlthly and replenished as needed.
2.2.6 Respon;iblc for Implementation and enforcement of this program,

Personnel shall be knowledgeablo of the requirernents of this procedure and shall perforin only those
dulies for which Ihey are irained. They shall irnmedialely reporl any discrepancies to their Manager.

Managers shall ensure their employees are properly Vrained, knaw their limilallons based on lhe
training and are In compilance wilh the requirtements of his procedwse,

SPECIAL INSTRUGTIONS AND PRECAUTIONS

‘This procedure [s applicable 1o GEC Group to kupiemen! and malnlain the safety of peisonnel lile and
healih,

This standard conlains five levels of training depending on the typs of response a company tequires of
its employees. The level of responso is delermined by ihe [acilily's ability to dedicate personnel and
tralning for containing and reporting a spill,

The procedure discusses levels of:

3.3.1. Personnel iraining

3.3.2. How to delermine which level of traning Is required?
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4.0

3.3.3. Glements o be Included in the sile emergency response plan
3.3.4. Project spill condrol

3.3.5. Secunty

3.3.6. Vendor procurements for spill conlral

3.3.7. Cleanup

3.3.8. Notificallon af authorities

3.3.9. Emergency response eguipment

3.3.10. Deconiamination procedures

PROCEDURE

Delermination of Level of Response

4.1.1 The Plart Manager shall determine the level of responsa to be aclivated during o splil of a
harardous chemical. Parlicular atlenlion shall be given lo the personnel avallable on all shifis in
making this determination.

4.1.2 ‘the Environment, Health and Safely Manager shall assess the facllly (or determining the
presence of hozardous materlals thal would pose a serlous threal fo human health or the
envifonment. OSHA and EPA regutatlons have addressed simifar subjects for the following
regulations:

a) Environinenial Planning and Cormmunity Right 1o Know {EPGRA)

b) Hazard Communicalion (Refer o Operator Safely Procedures)

4.1,3 Malenals lisled as hazardous hy EPA, OSHA and Department of Transportation (DOT) are as
folluws:

a} Class 1 - Explosives

by} Class 2 - Gases

¢} Class 3 - Flammable Liguids

d) Class 4 - Flammable Solids, Spontancously Combuslible Materials and Malerials Thal Are
Vangerous When Wel

o) Class 5 - Oxidizars and Oiganic Meroxides

) Clase G - Polsonous and Eliologle Maledals (infectlous Wasie)

g) Class 7 - Radioaclive Malerials

h} Class 8 - Corrosives

iy Class 8 - Miscellaneous Hazardous Malerials

4.1.4 Malerials normally comman ta a power facility woutd be Class 2, Class 3, and Class 8

Levels of Response and Requiterments

4.2.1 Fhist Responder, al the Awareness Level, Is 3 employee who are likely 1o discover a hazardous
materials release and have been tralned to nolily the proper authoritles, They would then
ensure and mainlain secwity of the spill scena and direct off site emergency response
personnel lo tho scene,

4.2,2 First Responders at the Operations Level are employees who are (o nolify authorllies and
contaln or stop a release while keeping e sale distanca (rom the hazaidous material.

4.2.3 Hazardous Malerial Technicians are Individuals who tespond lo releases or polential releases
for stopping the release. They assume a more aggressive role than those personnel lrained at
the Awaraness or Qperallons Level. The Hazardous Malerial Techniclans will approach the
polnt of release to plug, patch ur olherwise stop the release of the hazardaus substance,
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4.3

4.4

4.5

4.2.4 Mo GEC Group facility will adopt Ihis response without expressed approval of  Facility
managemenl of operotions. {ralning, medical surveillance, equipment, and personnel
availabliity must be maditied from this procedure If this response level Is adopled.

The “buddy sysler” shall be used for all First Responder Operations Level response, therefore,
facllities which hove two (2) or Iess people avalfable oo the site al anyiime, shall intiate Flrst
Respunder al the Awareness 1.evel response only.

Medical Surveilflance

444 The Environment, Health and Safely Manager shall iimplement a medical surveillance program
{for the foliowing:
a) All employees who aie, or may be, exposed lo hazardous subslances al or above lhy
permissible exposure limits,
b) Al employees who wear resplralors.
c) HAZMAT ernployees ~ ernployees trainod to provide emergericy response In the event of a
spill of a hazardous substance.

4.4 Employees shall raceive 3 physical Including a medical and waork hislory wilh special emphasis
on symploms related fo the handfing of hazardous subslances and health hazards and o
fitness for duly including the abllity to wear any required personal prolective equipment under
condilions that may be expected at the work site,

a) The conlent of medical examinations shall be delermined by the examinlng physician,

4.4 3 The employee shall be provideu with a wrilten opinion {ror Ihe examining physician as lollows:
a) resulls of nxaminatian and any {esis
by Physiclans opinion of any delected medical conditions which would place the ernployee al

a health rlsk in performing lasks associaled with emergency response or working with
hazardous wasie material

¢} Any recornmonded Hnftation upon amployee assigned tasks

d) A stalement that the employer has been informed of canditions which require follow up or
freatment,

2) Annual resplrator physicals, which are already performed lo meet the requirements of the
Respiralory Profection Program, would mee! these requirements in comblinalion with the
initinl ermployment physlcal.

Wiillen Ernergency Response Plan;

4.5.1 EPA and OSHA recenlly authotized the combining of various Project response plans that are
required by similar regulations, The Environment, Heallh and Safely Manager shall consuft with
the local Environmental Authorlly for permission lo combine the following sile-specific plans:

a) Hazardous Waste Operations & Emergency Response Plan

b) Fire Response and Evacuation Plan.

¢) Emergency Response Plan lor injury

4.5.2 The Environment, Health and Safely Manager shall develop a site specific emergency
response plan which addresses the following lopics al the level of response provided by the
Project:

a) Personnel roles, lines af authority, lrainiag, and communication

b) Notificalion agencles, vendars, cornpany, and client representatives

¢} Location, nvenlory, use, maintenance and inspection of emergency spill kits

d) Hazards of chemicals

e) Selecion localion, usage, mainlenance, slorage and inspection of personal proleclive
aquipmant {0 be used lo conlrol 3 spill

f) Reporlable quantilies of hazardous chemicals which (rigger spill reporting

g) FEstablishing security at the scene of a spill of a hazardous materlal

b) Deconiamination of equipment used In hazardous matertal spili response

) incident reporting and acciden! Invesligation alter the event

i} Clean up and disposal of the hazardous material

%) Project maps identifying the location of starage of hazardous malerials

1) Description of Projeut lopography and lialy flow path of hezardous material
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4.8

4.9

m} Helghbors and bodles of walec which may be aflecled by the spi)

n}) Descriplion af operations and localion of the Project

o) Descriplion of lanks, secondary containment and safely fealures associaled with siorage
of the hazardous material

p) Training requirements

q) Spill Confrot and Securlly :

1} The Emergency Response Plan shall include steps to be taken to keep unautharized
persons (rom entering the siie during sn ameigency splii response

s} Some methous o be used lo contiol the scene of the spilt would be locking the perimeter
galas to the Project, placing a barricade around the spill area and posting someone at the
scene 1o allow enlry of emergency response persapnel only

1} Evacualion roules & procedures

u} Rally polts and accountability of personnel

v) A description of emergency alarms & announcements

w} Griliue of response and actions lo reciude a re-occurrence

Vendor Procurement for Spill Control and Clean Up:

4.6.1 The Plant Manager shall select 3 primary contractor and two backs up cuntiaciors to be used
for spilt control and clean up In the event of a spill.

A.6.2 The Coniraclor shall be selected afler careful review of the sarvices they pravide relating to
cloan up equipment, moniloring equipmenl, avaitablilty, response lime, ets, Cost shauld not
necessarfly be the deciding factor in selection of emergency respanse contractors,

4.6.3 The Contractor shall provide manifest documenls and ensure iransportation and disposal in
accordance with DOT regulations.

Hotification of Authorities:

4.7.1 An emetgency response call list shall be developed which includes ali notifications to be rnade
it the event of a spill,

4.7.2 This call list shall be Inctuded on 1he faminated emergency response card thal is cairded Ly abt
personnef and shall be posted by the telephone in the Contiol Room. (Rel. Site Procatiure,
Emergency)

Emergency Response Equlpment and Decontamination Procedures

4.8.1 The Environmental, Health and Safely Manager shall evaluale and procure emergency
responsa spilt kils and personal protective equipmant.

4.8.2 Spill kits shalt be inspecied and raplenished al least once a month or immadiately alter each
use. During fralning sessions, employees shall be Instructed on the conlents and proper use of
spiit kits.

4.8.3 Caniraclors hired to miligate a spii will be responsibie for decontamnination of equipmant,

4.8.4 Operalor Project personnel Involved in spili response at the Operallons Level shall wear
personal proleclive equipment even though they will not be Involved In spill clean up. They

shall alsa be inslructod in personal decoplamination during training sassions.

Training

4.9.1 The Gnvironment, Health and Safely Manager shall maintain the Chemical spitt cantiol Training
Frogram.

4.9.2 Tha Enviconment, Health and Safely Manager shall develop a site-specific program from the
Chemical spill gontrol Tralning Program,
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4.10

4.9.3 The Environment, Health and $afety Manager is responsible to canduct Iraining in this program
and shall be cerlified hy attending an off site HAZWOPER, "Irain the Trainer* pragram or lhe
40 hour HAZWOPER course and must malniain ceriification at his level.

4.9.4 Training for First Responders al the Awareness Level would consist of the following subjects:
a). Thorough tndarsianding of the site Emergency Response Plan
by Recognition of hazardous malerlals and lhe risks hey pose
¢} Idenlilication of the materlal which has been released
d) The tole of the Level 1 First Responder
a) NMolificalion of proper authocilies
f)  Maintainlhg controt and securlly of the scene

4.9.5 Teaining for First Responders at the Operations Level would consist of al {easl 8 hours of the
following subjeats: :
a) The Awareness Level subject as listed sbove
b) Selection, fimitalions, donning, decontaminaffon, and disposal of personal proleclive
equipment
c)  Actions for conkiolling a spill to keep it from spreading

1.9.6 Training for Hazardous Material Technicians would consist ol at least 24 hours lraining on the

folluwing lopics:

3) The "Flist Responder at the Operalfons Level” subjects lisled above,

b) Implementalion of sile’s emergency respanse plan .

c} Hentificailap, classilication and verilicatlon of known and unknown materlals using fleld
survey instruments and equipment,

¢}  Functioning wilthin assigned role In the Incident Gommand System,

c) How lo select and use speclalized chemical personal proleciive equipment,

1) Understand hazard and risk assessment technlgues,

g} Perform advance control, confainment, and/or confinement operalions wAithin the
capabililies of the resources available,

by Understand and Implement decontamination procedures,

i} Understand termination procedures,

fI  Understand basic chemical toxicolegical terininology and bhehavior

4.9.7 Other training programs conducled annually, that may be censidered a part of the HAZWQPER
24 hour inilial and 8 hour annual rafiosher Iraining requirement, are:
a)  Hazard Communication
by Environmenltal Planning and Community Righl to Know
¢} The Gite Emergency Response and Evacuation Plan
d} Confined Space Enliy
@) Heat Stross
1} Personal Prolective Equipment

4.9.0 Ermployees shall be issued cerlification of iraining completion by the instructor. A copy of the
corlificate shall bg malnlained In tha facility's iraining recuirds and a copy shali be placed in (he
personnel recards of Individuals completing training.

Dirlls and Emergency Rasponse Plan Review

4.10.1 An annual dill shall be conducied and critiqued by the Site Salety Conunillee lo delermine
revisions needed for the Emergency Response Plan or the peed for additional refresher
training.

Hecoidkeeping

4,111 Troining requirements shial) be docurnented and maintained jor a period of af least 5 years.

4.11.2 Unilt eritiques and recominendations for change in the Emergency Response Plan shall be
maintalned on file for a period of at least 5 years,

4.11.3 Wrilien nofifications made (o authorilios, as the result of a spill shall be maintalned for a period
af 2t least 5 years,
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Spllt Prevention Rriefings

4.12.1 Spill prevenlion bilefings will be held annually for personnel involver! with slorage tanks and
assaclated piping.

4.12.2 These briefings Include Kknown spill evenls, malfunctioning equipiment, updatos o the Plan,
recently developed precaullonary measures, and all other toples relaled fo spill prevenlion.

4.12.3 These briafings ace conducted as part of the monthly saf&(y.mEE(ing series at the plant,
REFERENCES

OSHA Standard

ATTACHMENTS

None
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