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INTRODUCTION

Th first commercial circulating fluidized bed combustion(FBC) boiler was introduced to Korea in 19851.  At the present moment around ten units are in operation.  Fuel economy compare to oil boiler is almost doubled in Korean market and the boiler users reports practical gain of energy budget.  The experience of operation has been accumulated during last 15 years, but little operation experiences were reported. The presented work is a summary of the major troubles in CFBC boiler operation.

OBSERVATIONS

The most chronic and difficult problems in CFBC operation are clinker formation at the various parts of the boiler and erosion of heat exchanger tubes2,3.  Heavy build up of clinkers at the bottom of the combustor4 hinders fluidization and circulation of particles, leading to increase of combustor temperature to beyond the operable limit.  Local erosion can cause tube ruptures and it also leads to sudden boiler shut down.

The characteristics of clinker formation is mainly fuel oriented, the constitution of mineral in coal and sand mixture is the major clue for the explanation. Table 1 shows the analysis of fuel used in Korean industry.   Figure 1 shows the ternary plot of the Al2O3-SiO2-CaO composition of coal ashes and clinkers from commercial boilers.  The crystalline phases of L boiler clinker involved cristoballite, mullite and anorthite.  These clinkers were collected during annual maintenance period.  They were formed at the bottom of the combustor and loop seal.  Upper most square symbol is the analysis of coal mineral and next three are clinkers when operated with limestone, thus increased CaO content.  The lower most square symbol is the clinker when limestone was not used.  The clinker from L boilers seems to grow during long period of operation and it can affect normal operation yet it does not usually [image: image1.wmf]Al2O3
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leads to emergency shut down.  The clinkers from S boiler are more serious. Shenhwa coal has the composition, which can form low temperature crystallites of anorthite. They were found at the coal feeding chutes where they are connected to return legs of the loop seals.  As soon as they build up they blocked re-circulation line of loop seal and heated up the loop seal over 1273K. The crystalline phases are cristobalite, wollastonite, and anorthite those have lower melting temperature then that of L boiler clinkers.

 Erosion is also another factor that can affect boiler performance. The localized erosion can lead to tube rupture and explosion of boiler tubes.  The most serious erosion is the localized water wall erosion located at the water wall and refractory interface.  Often times it is found 

Figure 1. Ternary diagram of clinker constituents Figure 2.  Wear of wall tube according to

                                         height above refractory end (Front)

at the convection bank. U bend tubes of superheaters and economizers where flow rate is relatively higher then other area are very much susceptible. The front area of the combustor is susceptible due to the return particle flow from the loop seal.  Upward flow of coals and ashes from the dense bottom converts to down flow at the water wall of the combustor, and those falling particles sweep the wall tube.  Thus, bottom of the water wall and refractory interface where down flow tangentially sweeps is very much weak area.

Table 1  Analysis of fuels used in CFBC boilers in Korea

	PRIVATE 

	Petroleum

Coke
	Anthracite
(Korean)
	Tatung
	Blair Athol
	Shenhwa

	Proximate analysis(Air dry basis)

	.Moisture
	5.5
	3.3
	8.34
	5
	4.84

	.Ash
	9.1
	39.0
	26.48
	15
	32.63

	.Volatile matter
	1.6
	4.0
	10.37
	28
	5.46

	.Fixed carbon
	83.8
	53.7
	54.81
	52
	57.07

	Ultimate analysis(Dry basis)

	.Carbon
	85.5
	54.7
	70.65
	82
	73.16

	.Hydrogen
	3.6
	0.3
	4.74
	5.1
	4.11

	.Nitrogen
	1.9
	0.2
	0.79
	1.7
	0.73

	.Sulfur
	5.4
	0.6
	0.35
	0.9
	0.49

	High heating value, kcal/kg

	.As fired
	8,434
	4,230
	6,360
	6,080
	6,399

	Ash analysis(Dry ash basis)

	.SiO2
	55.0
	54.5
	52.24
	57.4
	35.82

	.Al2O3
	11.7
	31.5
	22.23
	29.2
	20.31

	.Fe2O3
	6.6
	4.7
	13.57
	4.4
	9.63

	.CaO
	19.8
	1.3
	5.64
	2.7
	25.45

	.MgO
	2.7
	1.0
	1.02
	0.9
	1.38

	.K2O
	1.00
	4.0
	1.71
	0.7
	

	.Na2O
	0.034
	0.5
	0.65
	0.3
	2.05


Figure 2 shows water wall tube thickness measured annual maintenance.  The erosion is severe up to 1000mm above the refractory end.  The damage of 100-200mm above refractory end is most severe so overlay clad is applied to these areas regularly.  But overlay can often converts particle flow and cause more serious damages.  The smoothness of all surfaces including overlay is the key of the maintenance

DISCUSSION

The clinkers are usually found at the bottom of the combustor, loop seals especially where flow is stagnant (dead zone) thus unburned coal can be burned without moving.  Feeding fuel through return cycle has disadvantage of early ignition of volatile of coal inside the loop seal and that causes the rapid increase of the local temperature.  Since the flow and mixing of the solid is relatively slow in the loop seal area it can easily agglomerate and form clinker.  Feeding highly volatile bituminous coal through loop seal is not proper.  In this case selection of coal which has high fusion temperature can be a way to avoid rapid clinker formation.

Erosion, especially localized water wall erosion is the most serious problem often leads to tube rupture.  Since CFB boiler is operated at high pressure, tube rupture results explosion inside the combustor.  The damages are usually at the lower part of the water wall.  So the users cut out severely damaged part of the water wall and exchange to new materials during regular maintenance.  Also they apply overly clad at the susceptible part.  In this case smoothness of welded part is most important in order to avoid the unexpected change of flow pattern.
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		CFBC DESIGN SHEET 1				SOLID ANALYSIS

		Dowon Shun

		start		93-1-7

		modify		96-4-3

		'* ' indicates data input

		Source*		Ulsan Petroleum Service Co.

		COAL TYPE*		Bituminous coal, Tatung, China

				COAL ANALYSIS				LIMESTONE ANALYSIS

																As received

		Proximate analysis		wt % received								T-M		9.9

		M*		9.90				0.22				M, air dry		2.2		9.9

		V*		25.10								V		27.2		25.1

		Ash*		13.60								FC		55.8		51.4

		FC*		51.40								A		14.8		13.6

		Ash analysis		wt % dry		<MW>						Sum		100		100

		CaO*		0.11		56.080		49.92				Factor		0.9212678937

		MgO*		0.10		40.312		2.00

		SO3*				80.062

		Ultimate analysis		wt % dry

		C*		70.30

		H*		3.96

		N*		1.40

		total S*		0.34

		Composition		[wt %]		[kgmol/kgcoal]		[wt %]		[kgmol/kglime]

		CaO		0.01		2.67E-06		49.15		8.76E-03

		MgO		0.01		3.37E-06		2.00		4.95E-04

		CaSO4		0.00		0.00E+00

		CO2		0.03		6.04E-06		40.75		9.26E-03

		C		63.33		5.27E-02

		H		3.57		3.54E-02

		N		1.26		9.01E-04

		S		0.31		9.55E-05

		H2O		9.90		5.50E-03

		Inert		13.57				8.10

		O		8.00		5.00E-03

		sum		100.00				100.00

						kcal/kg		kj/kg

		HHV(calc.) [kcal/kg]				6,012		25,154

		LHV(") ["]				5,813		24,322
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Boiler

		CFBC combustor and boiler design

		Dowon Shun

		Date		96-4-3

		Steam enthalpy, kJ/kg														Boier specification

																ton/h		C

																kg/cm2		kJ/kg						ton/h		C

		Steam		MPa		C		kJ/kg																kg/sq-m		kJ/kg

				8.8		525		3,540										Drum

		Capa		MWth in.		kcal/h		Steam eff.		Steam, t/h		Steam, kg/s

				156		134,225,621		1		159		44.07												ton/h		C				ton/h		C

		Fuel		160		C.E.		ton/h																kg/sq-m		kJ/kg				kg/sq-m		kJ/kg

				6,542		0.98		20.936																														ton/h		C

		Input MWth		159																		ton/h		C								ton/h		C		S/H3		kg/sq-m		kJ/kg

		A/F ratio		1.2																		kg/sq-m		kJ/kg								kg/sq-m		kJ/kg

		Air		Flow, Nm3/h		Comb., m/s		F.B., m/s		Air stage

				97,632		5		5		0.4										S/H2		ton/h		C								ton/h		C

		Flue gas		102,872																		kg/sq-m		kJ/kg								kg/sq-m		kJ/kg

		Temp, C				875		850

		Temp, K				1,148		1,123														ton/h		C												S/H1

		by Heat, m2		4.00				40														kg/sq-m		kJ/kg

		by Gasflow, m2		5		9		24

		Depth, m				4.6		4.6

		Width, m				2		5																												ECO				154

		Residence time, s						3.5																														10.7		594

		Height, m		60deg		3		18

		Boiler		ton/h		C

				kg/sq-m		kJ/kg

				Law water				Q		Percent

						20

						83.7

				Feed water

						150		17		11

				sat. l.		467

				Economizer

						237		25		16

				sat. l.		1,028

				Water wall		(Evapo.)

						322		74		46

				sat. v.		2,698

				SH 1

				SH 2

				SH 3

						541		35		22

				103		3,500

				RH in

						358		-17		-10

				28		3,122

				RH out

						541		20		12

				28		3,570

						<sum>		151		95
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UPS-MH

		CFBC DESIGN		MASS & HEAT BALANCE

		Dowon Shun

		start

		modify		95-7-6

		'Bold' indicates data input

		Source		Ulsan Petoleum Service Co.

		I.D.		UPS

		F. B. area, m2

				Coal [kg/h]						Lime. [kg/h]

				11,340						4,282

		Composit.		[wt %]		[kgmol/kg		coal]		[wt %]		[kgmol/kg		limestone]

		CaO		0.01		2.67E-6		49.15		8.76E-3		8.76E-3

		MgO		0.01		3.37E-6		2.00		4.95E-4		4.95E-4

		CaSO4		0.00		0.00E+0

		CO2		0.03		6.04E-6		40.75		9.26E-3		9.26E-3

		C		63.33		5.27E-2

		H		3.57		3.54E-2

		N		1.26		9.01E-4

		S		0.31		9.55E-5

		H2O		9.90		5.50E-3

		Inert		13.57				8.10

		O		8.00		5.00E-3

		HHV, kcal/kg				6,012

		COAL						Basis*						Feed*		Mwth

								1						20,480		143

		AIR & MOISTURE

		Stoi. O2		[-]		[kgmol/kg]		[kg/kg]		[-]		[kgmol/h]		[kg/h]		[Nm3/h]

		C				5.27E-2

		H				8.85E-3

		S				9.55E-5

		O				-2.50E-3

		<sum>				5.92E-2		1.89

		Stoi. N2				2.23E-1		6.24

		Stoi. Dry Air				2.82E-1		8.13

		Humidity		0.013		5.87E-3		0.11

		Stoi. Wet Air				2.88E-1		8.23				5,890.80		168,650		132,036

		Wet Air MW				2.86E+1

		AIR SUPPLY

		A/F ratio		1.300

		Tot. dry air				3.66E-1						4,153.86

		air moisture				7.63E-3						86.48

		Tot. wet Air				3.74E-1		10.71				4,240.34		121,398		95,043

		Ca+Mg in coal				6.04E-6						0.12

		Ca+Mg in limestone				3.50E-3						71.61

		(Ca+Mg)/S		36.660

		Carbon C.E.		0.980

		GAS ANALYSIS

				[conv.]		[kgmol/kg]		[vol %]		[kg/kg]		[kgmol/h]		[kg/h]

		SOx(S->SOx)		1.000		9.55E-5		0.024		0.006		1.08

		NOx(N->NOx)		0.087		7.83E-5		0.020		0.005		0.89

		HC(H->CH4)		0.001		8.85E-6		0.002		0.000		0.10

		CO(C->CO)		0.002		1.27E-4		0.032		0.004		1.44

		CO2 from coal				5.17E-2		13.077		2.274		586.05

		CO2 from lime				3.50E-3		0.885		0.154		39.65

		H2O				3.08E-2		7.794		0.555		349.29

		N2				2.90E-1		73.439		8.131		3,291.32

		O2

		air & coal				7.94E-2

		CO2				-5.17E-2

		CO				-6.33E-5

		H2O				-8.84E-3

		SO2				-9.55E-5

		NOx				-5.88E-5

		CaSO4				0.00E+0

		<O2 sum>				1.87E-2		4.728		0.598		212

		Flue gas				3.95E-1				11.726		4,482		132,978

		Flue gas MW		2.97E+1

		Solid discharge								3.56E-1				4,042

		Unburnt C				9.19E-4						10.423

		ASH		[-]										[kg/h]		[kg/m2s]

		Bottom Ash*												830

		Bag filter ash												1,710

		Loopseal ash												1,502

		Ash split												0.205

		Cyclone E.		0.870

		Entrainment, kg/h												24,710		0.000

		Cyclone under												21,497

		Cyclone to bagfilter												3,212

		Bagflter E.		0.999

		Bagfilter under												3,209

		MASS BALANCE

				[kg/h]				Solid						flue gas

						flux		3,212						132,978

						24710

														fines

														3.21

										recycle		bag

				coal						21,497		1,710

				11340

								lime.		L.A

								4282		1,502.3

										bottom ash

										830

				input		air								output

				137,020		121398								137,020

		SPECIFIC HEAT		[kgmol/h]		A		BT		CT^-2		DT^-5

		CO2 from coal		586		5.457		1.05E-3				-1.16E+5

		CO2 from lime		40

		H2O		349		3.470		1.45E-3				1.21E+4

		N2		3,291		3.280		5.93E-4				4.00E+3

		O2		212		3.639		5.06E-4				-2.27E-1

		SOx, NOx, CO		4

		<sum>		4,482

		Air				3.355		5.75E-4				-1.60E+3

		solid, T<848K				0.181		1.43E-4		-4012.51

		solid, T<1873K				0.762		3.83E-4

		Flue gas				3.617		7.19E-4				-1.22E+4

		gas const				1.987

		HEAT CALCULATION				solid				heat		gas				heat		Q		칀

				[K]		[kg/h]		[kcal/kg]		[kcal/h]		[kgmol/h]		[kcal/kgmol]		[kcal/h]		[kcal/h]		[kcal/h]

		reference		300

		Environment		298

		Coal combustion				20,480		0		0

		Unburnt loss

		CO->CO2										1		67,592		96,999

		CH4->CO2+H2O										0		212,224		21,296

		C->CO2										10		94,032		980,140

		<sum>														1,098,435

		H2O lat. flue										349		10,476		3,659,183

		H2O lat. air										86		10,476		905,943

		Fuel		298		20,480		-0		-6,768

		Sulfation/S				0		3,619		0

		lime. calci./Ca				2,875		129		370,579

		lime spe.		298		2,875		-0		-950

		Fan credit										4,240		118		5.00E+5

		A.P		423		3		25		7.95E+1		4,240		872		3.70E+6

		Elec. Heat.		423								4,240		872		3.70E+6

		Bed

		Bed drain		1,135		830		227		1.88E+5

		0.1m		1,135		24,710		232		5.73E+6		4,482		6,859		3.07E+7		36,466,921

		0.5m		1,135		24,710		227		5.60E+6		4,482		6,859		3.07E+7		36,345,270		121,651

		2.1m		1,108		24,710		218		5.38E+6		4,482		6,622		2.97E+7		35,056,089		1,289,181

		3m		1,108		24,710		218		5.38E+6		4,482		6,622		2.97E+7		35,056,089		0

		4.44m		1,081		24,710		209		5.16E+6		4,482		6,385		2.86E+7		33,774,259		1,281,830

		7.1m		1,119		24,710		221		5.47E+6		4,482		6,718		3.01E+7		35,580,424		-1,806,165

		top		1,134		24,710		226		5.60E+6		4,482		6,850		3.07E+7		36,297,391		-716,968

		Cyclone																<sum>		169,530

		top->C.B.		1,169		3,212		238		7.66E+5		4,482		7,159		3.21E+7

		top->L.S.		1,183		21,497		243		5.23E+6

		recycle		1,169		21,497		238		5.13E+6

		C.B

		C.B.-> A.P.		723		3,212		100		3.20E+5		4,482		3,351		1.50E+7

		A.P.-> B.F.		423		3,212		25		7.95E+4		4,482		949		4.25E+6

		Combustion		convection		bed		freebo.		cyclone		loopseal

		fraction				1		0

		Heat in, kcal/h				0.00E+00		0.00E+00

		Unburnt loss, kcal/h				7.14E+05		3.84E+05

		Wall loss

		Uo, kcal/m2-h-K		0.38		0.38		0.38		0.38		0.28

		area, m2		593		794		0		209		106

		q, kcal/h		194,020		249,464		0		68,381		25,796

		Heat exchanger				1		2		3		4

		location, m				1		2		5		10

		length, m				1		2		1		1

		water, kg/h				0		0		0		0

		Tin				0		0		0		0

		Tout				0		0		0		0

		q, kcal/h		0		0		0		0		0		0

		Heat table		convection		bed		freebo.		cyclone		loopseal

						0-2.1m		2.1-10.9

		<input>

		air				3.70E+06

		flue gas						2.97E+07		3.07E+07

		ash				5.13E+06		5.38E+06		5.60E+06		5.23E+06

		H2O lat.				9.06E+05

		combustion				0.00E+00		0.00E+00

		lime. spe.				-9.50E+02

		lime. calci.				3.71E+05

		fan				5.00E+05

		sulfation				0

		<sum>				0.00E+0		0.00E+0		3.63E+7		5.23E+6

		<output>

		flue gas				2.97E+7		3.07E+7		3.21E+7

		ash				5.38E+6		5.60E+6		7.66E+5		5.13E+6

		H2O lat.				3.66E+6

		Unburnt loss				7.14E+5		3.84E+5

		Theo. wall loss				2.49E+5		0.00E+0		6.84E+4		2.58E+4

		heat exchanger				0.00E+0		0.00E+0

		<sum>				3.97E+7		3.67E+7		3.29E+7		5.15E+6

		<balance>				0.00E+0		0.00E+0		3.38E+6		7.84E+4

		Heat								Kcal/h		MW

		balance		Combustion of fuel						0.00E+0		0.00

				Sensible fuel						-6.77E+3		-0.01

				Sensible air						3.70E+6		4.30

				Fan						5.00E+5		0.58

				Lat. mois						9.06E+5		1.05

				Sulfation						0.00E+0		0.00

				Lime. decomposition						3.71E+5		0.43

								<sum>		0.00E+0		0.00

				Unburnt loss						1.10E+6		1.28

				Bed removal						1.88E+5		0.22

				flue gas + solid						4.33E+6		5.03

				Radiation loss						3.44E+5		0.40

				Heat extraction						0.00E+0		0.00

								<sum>		5.96E+6		6.93

								<diff.>		0.00E+0		0.00
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						Steam				Bed																								Gas

		Date		Rate		P		T		P				T

				[t/h]		[kg/cm2]		[C]		[mmH2O]				[C]																				O2		SOx		NOx

						Drum		Steam		Wind box		Bed		Bed		Fur		Fur_H/C		H/C out		Loop Seal		S/H3 in		S/H3 out		S/H1		ECO		AH		[%]		[ppm]		[ppm]

												PI-2351		TI-2351		TE-2352A

		3/22		213		87		535		1362.62		423.54		859.97		829.8

		3/23		209		88		427.42		1343.0		427.42		860.71				882		893		900		709		599		434		197		140		4.65		142

		3/24		210		88		535		1366.0		449		854				883		894		906		709		599		434		197		139		4.61		142





Sheet2

				36232.0		36233.0		36234.0		36235.0		36236.0		36237.0		36239.0		36241.0		36242.0		36243.0

				AVER		AVER		AVER		AVER		AVER		AVER		AVER		AVER		AVER		AVER

		LI-2017A LEFT AO %		55		55		55		55		55		55		55		55		55		55

		LI-2017B CENTER AO %		93.5		93.38		92.39		93.18		92.88		92.62		92.94		92.54		92.34		92.56

		LI-2017C RIGHT AO %		51.94		51.6		51.26		51.56		51.34		51.35		51.25		51		50.9		51.06

		LIC-2017 AVERAGE PV  %		55		55		55		55		55		55		55		55		55		55

		PIT-2017 PRESS AO KG/CM2		94.73		95.13		94.41		94.68		94.55		94.35		94.85		94.66		95.03		95.08

		TE-2017A L-L  AO DEG.C		305.17		305.36		305.08		305.24		305.14		305.07		305.34		305.18		305.5		305.52

		TE-2017B M-L DEG.C		305.47		305.68		305.37		305.55		305.44		305.34		305.67		305.5		305.79		305.84

		TE-2017C R-L AO DEG.C		306.01		306.2		305.93		306.08		305.96		305.9		306.2		306.04		306.38		306.37

		TE-2017D L-U AO DEG.C		306.78		306.97		306.69		306.85		306.7		306.67		306.94		306.77		307.06		307.12

		TE-2017E M-U AO DEG.C		304.64		304.87		304.52		304.7		304.59		304.49		304.78		304.64		304.89		304.95

		TE-2017F R-U AO DEG.C		304.89		305.11		304.82		304.98		304.85		304.79		305.07		304.92		305.2		305.25

		FI-2106 MAIN STM AO T/W		216.52		215.87		205.24		214.32		212.83		212.59		213.75		212.99		209.4		209.79

		FIQ-2106 MAIN STM AO TON		U		U		U		U		U		U		U		U		U		U

		PIC-2106A MAIN STM AO KG/CM2		87.1		87.61		87.26		87.2		87.14		86.97		87.41		87.22		87.69		87.84

		TE-2106 MAIN STM AO DEG.C		535.02		534.97		535.11		535.15		535.19		535.25		534.05		535.04		534.94		534.98

		TE-2101A S/H1 OUT AO DEG.C		453.76		454.6		454.4		452.33		452.63		451.84		452.94		399.58		437.55		456.86

		TE-2101B S/H1 OUT AO DEG.C		451.27		451.44		450.88		454.02		454.46		455.3		455.83		455.34		457.02		453.88

		TIC-2102A S/H2 IN PV DEG.C		402.65		402.04		399.92		404.62		404.68		405.39		405.53		401.28		401.01		401.22

		TIC-2102B S/H2 IN PV DEG.C		401.14		401.46		399.65		398.24		398.16		396.75		397.98		398.79		397.78		400.13

		TIC-2103A S/H2 OUT PV DEG.C		485.62		485.62		485.62		485.62		485.62		485.62		485.63		485.62		485.62		485.62

		TIC-2103B S/H2 OUT PV DEG.C		484.99		484.99		485		484.99		485		484.99		484.99		485		484.99		484.99

		TIC-2104A S/H3 IN PV DEG.C		453.2		452.23		452.41		454.52		454.64		455.46		453.22		450.58		450.54		450.96

		TIC-2104B S/H3 IN PV DEG.C		451.32		450.72		451.14		447.37		447.43		446.38		445.66		447.37		446.7		449.26

		TIC-2105A S/H3 OUT PV DEG.C		535.14		535.14		535.14		535.14		535.13		535.13		533.9		535		535		534.99

		TIC-2105B S/H3 OUT PV DEG.C		534.99		534.99		535		535.01		535.01		535.01		534.2		535.01		535.04		534.99

		TE-2351A BED_TEMP AO DEG.C		874.51		874.38		867.87		857.66		854.14		844.9		846.05		868.43		864.51		864.35

		TE-2351B BED_TEMP AO DEG.C		875.4		853.95		843.69		868.84		865.98		871.69		864.41		855.3		852.79		832.41

		TE-2351C BED_TEMP AO DEG.C		842.28		842.14		844.45		845.88		844.23		844.87		847.52		855.91		859.7		851.43

		TE-2351D BED_TEMP AO DEG.C		837.77		836.1		839.05		851.64		852.08		858.86		854.1		850.92		856.7		844.96

		TE-2351E BED_TEMP AO DEG.C		888.44		889.86		895.31		879.77		879.88		878.7		879.95		900.34		903.56		900.64

		TI-2351BED_TEMP AO DEG.C		858.14		856.83		853.19		859.36		857.55		858.94		857.99		859.97		860.71		853.58

		PIT-2351A BED_PRESS AO MMH2O		555.09		549.14		563.12		548.44		559.85		568.37		561.73		553.25		557.26		578.84

		PIT-2351B BED_PRESS AO MMH2O		410.38		405.31		405.84		397.49		403.46		403.86		400.86		392.04		391.83		414.13

		PIT-2351C BED_PRESS AO MMH2O		419.96		415.92		429.15		414.43		427.74		434.86		431.36		421.74		425.93		447.02

		PI-2351 BED_PRESS AO MMH2O		425.97		421.53		432.3		418.4		430.47		436.48		433.09		423.54		427.42		448.85

		PIT-2306 WIND_BOX AO MMH2O		1374.92		1373.07		1317.14		1353.66		1358.55		1352.61		1379.41		1362.62		1342.69		1366.02

		TE-2352A FUR_TEMP AO DEG.C		815.52		816.5		820.36		814.55		814.42		815.19		817.06		829.8		834.53		827.12

		TE-2352B FUR_TEMP AO DEG.C		899.88		900.85		901.08		897.94		897.12		897.16		898.59		910.53		913.28		905.28

		TE-2352C FUR_TEMP AO DEG.C		895.2		896.11		893.61		892.62		891.92		891.63		893.31		904.16		905.82		898.52

		TE-2354A FUR_TEMP AO DEG.C		887.14		888.7		880.72		879.68		877.3		874.61		874.81		886.39		882.22		882.67

		TE-2354B FUR_TEMP AO DEG.C		885.24		883.75		875.52		892.74		891.4		894.98		893.72		889.35		888.01		880.46

		TE-2356A HC OUT AO DEG.C		895.73		897.43		891.44		888.46		886.01		883.63		884.21		896.62		893.19		893.69

		TE-2356B HC OUT AO DEG.C		861.24		860.05		853.5		868.93		868.78		872.48		871.76		865.92		865.68		858.4

		TE-2355A HOT-CYCL AO DEG.C		828.25		830.36		826.76		820.62		816.8		811.08		806.05		818.07		814.49		812.32

		TE-2355B HOT-CYCL AO DEG.C		833.3		832.27		828.18		840.72		841.88		845.4		843.46		836.82		836.86		829.37

		TE-2403A LOOP_SEAL AO DEG.C		929.99		932.44		925.27		915.5		909.3		901.48		900.79		912.05		899.79		906.06

		TE-2403B LOOP_SEAL AO DEG.C		919.75		920.35		910.66		927.74		931.3		930.4		910.71		900		900		900

		TE-2403C LOOP_SEAL AO DEG.C		919.88		923.58		919.08		910.78		908.57		906.46		903.08		914.68		910.06		909.77

		TE-2403D LOOP_SEAL AO DEG.C		900		900		900		900		900		900		900		900		900		900

		FIC-2301 P.A FAN PV NM3/SEC		43.58		43.47		42.07		43.15		43.32		43.16		43.31		43.47		42.9		42.72

		FIC-2307 P.A 0.5M PV NM3/SEC		9.85		9.85		9.85		9.91		10.15		10.15		9.85		9.85		9.85		9.85

		TE-2301 P.A IN AO DEG.C		8		11.56		8		7.32		13.27		7.95		7.07		8.6		7.71		7.37

		TE-2303 P.A OUT AO DEG.C		26.05		29.73		25.9		25.16		31.23		25.84		24.9		26.44		25.51		25.26

		TE-2304 SCAH OUT AO DEG.C		32.01		32.2		31.89		31.36		32.43		33.17		29.3		28.21		32.6		32.63

		PIC-2313 S.A FAN PV MMH2O		559.98		558.53		512.11		543.61		557.47		545.13		547.9		540.86		530.45		539.99

		FI-2313 S.A FAN AO DEG.C		20.14		21.06		19.96		19.92		21.26		20.36		20.26		20.73		20.62		20.39

		FIC-2314 S.A 1.5M PV NM3/SEC		6.65		6.66		6.48		6.63		6.72		6.7		6.73		6.78		6.8		6.77

		FIC-2315 S.A 3.0M PV NM3/SEC		5.54		5.47		5.35		5.52		5.52		5.54		5.58		5.57		5.57		5.58

		TE-2313A S.A OUT AO DEG.C		19.51		22.93		18.7		18.39		24.25		19.02		17.5		18.95		17.79		17.64

		TE-2313B S.A IN AO DEG.C		9.28		12.61		8.59		8.28		14.17		8.91		7.45		8.96		7.87		7.67

		TE-2357C S/H1 OUT AO DEG.C		429.14		429.47		427.19		429.55		430.63		430.97		434.34		435.38		435.05		434.46

		TE-2357D ECO.OUT AO DEG.C		191.98		191.4		190.31		192.47		193.9		194.36		196.99		197.47		198.18		196.63

		TIC-2358 A/H OUT PV DEG.C		133.98		133.79		134.1		134.64		134.36		136.82		136.69		137.8		139.93		138.94

		PIT-2353A FUR_PRESS AO MMH2O		-8.85		-9.46		-9.07		-9.06		-9.2		-9.1		-8.64		-9		-9.05		-8.94

		PIT-2353B FUR_PRESS AO MMH2O		-19.09		-19.86		-18.93		-18.85		-19.24		-17.92		-19.06		-18.99		-18.43		-18.82

		PIT-2353C FUR_PRESS AO MMH2O		-9.95		-9.75		-9.95		-9.93		-9.91		-9.59		-9.98		-9.96		-9.93		-9.95

		PIC-2360 I.D FAN PV MMH2O		-320.94		-319.25		-296.24		-316.4		-315.44		-313.19		-319.28		-314.45		-306.86		-310.52

		PDIT-2357 S/H3- A/H AO MMH20		182.98		183.64		170.32		181.54		183.2		180.46		183.89		182.41		178.42		178.93

		AIC-2358 E.P O2 AO %		100		100		100		100		100		100		100		100		100		100

		TE-2357A S/H3 IN AO DEG.C		706.79		707.92		703.47		703.29		702.13		700.41		702.86		710.82		708.52		708.84

		TE-2357B S/H3 OUT AO DEG.C		597.18		597.73		593.3		595.6		595.73		595.21		597.36		600.83		599.37		599.32

		FIC-2017A BLR F.W PV T/H		226.94		226.42		217.67		225.08		223.7		223.76		224.64		224.08		221.28		221.48

		PIT-2014 BLR F.W AO KG/CM2		139.64		139.78		141.9		140.11		140.49		140.54		140.28		140.53		141.21		141.24

		TE-2014 BLR F.W AO DEG.C		148.77		148.22		148.56		148.58		148.93		148.15		148.76		148.69		148.65		148.78

		TE-2016A ECO.OUT AO DEG.C		271.6		271.79		272.3		272.28		273.22		272.99		274.51		274.77		275.86		274.99

		TE-2016B ECO.OUT AO DEG.C		276.57		276.74		277.34		277.26		278.14		277.93		279.41		279.75		280.88		279.96

		FI-2018 P.W ATTP AO T/H		16.02		16.16		15.76		16.29		16.26		16.36		16.77		17.38		17.62		16.72

		FIQ-2014 F.W FLOW AO TON		U		U		U		U		U		U		U		U		U		U

		PIC-2322 R/B PRESS PV KG/CM2		0.51		0.51		0.51		0.51		0.51		0.51		0.51		0.51		0.51		0.51

		AT-2363A SOX AO PPM		142		142		142		142		142		142		142		142		142		142

		AT-2363B NOX AO PPM		50		50		50		50		50		50		50		50		50		50

		AT-2363C DUST AO MGNM3		0.89		1.24		0.49		0.64		1.07		1.23		0.72		0.45		0.61		0.89

		AIC-2358 O2 PV %		4.36		4.38		4.43		4.4		4.56		4.59		4.61		4.51		4.65		4.61

		FI-2402 COAL FLOW AO T/H		22.8		22.73		21.96		23.76		23.25		23.7		23.9		23.94		23.57		23.48

		FI-2402A COAL FLOW PV T/H		11.4		11.36		10.98		11.88		11.63		11.85		11.95		11.97		11.78		11.74

		FI-2402B COAL FLOW PV T/H		11.4		11.37		10.98		11.88		11.62		11.85		11.95		11.97		11.78		11.74

		FIQ-2402C COAL TOTAL AO TON		163186.92		163733.14		164269.7		164817.29		165381.95		165946.71		167090.23		168239.07		168809.87		169374.16

		TE-2504 HFO OUT AO DEG.C		114.4		113.99		113.18		113.39		113.73		112.43		112.61		114.72		114.97		114.91

		FIC-2504 S/U BNR PV L/H		18.98		18.74		19.26		19.34		18.91		19.38		19.34		18.98		18.88		19.26

		FIQ-2504D S/U TOTAL AO LITER		17853.27		18310.28		18764.44		19229.15		19687.55		20146.85		21078.83		22006.73		22460.06		22917.92

		PIC-2505 S/U BNR PV KG/CM2		9.03		8.44		9.01		8.93		8.61		8.81		9.1		8.42		8.54		8.62

		FIC-2509 B/L BNR PV L/H		-3.24		-3.64		-1.45		-1.13		-1.27		-0.9		-1.12		44.65		40.74		39.87

		FIQ-2509C B/L TOTAL AO LITER		315330.06		315711.82		316100.34		316536.68		316963.99		317398.02		318283.88		320079.92		321550.43		322982.14

		PIC-2510 B/L BNL PV KG/CM2		2.69		2.64		3.04		3.03		2.84		3.03		3.08		2.99		3.03		2.96
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