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Introduction

Most of the industrial styrene monomer plants carry out the adiabatic dehydrogenation reaction in the multiple reactors in series. [image: image1.wmf]2
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Because of high operation cost, the rigorous styrene monomer(SM) reactor model is highly valuable. Therefore Clough and Ramirez [1], Scheel and Crowe [2] and Hirano [3] formulated reaction models. Crowe and Abdalla [4] had studied about the characteristics of a SM plug-flow reactor. Lim et al. [5] had developed the first principle model for an adiabatic radial-flow SM reactor based on the chemical kinetics.

Although the first principle model of the radial flow reactor gave a reasonable prediction from the industrial point of view [5], the nature of the process presented some difficulties in the prediction of catalyst activity. The lack of internal or intermediate measurements of the reactor represented a limitation for the detailed model validation. In addition, the lack of experiments of catalyst activity represented the uncertainty of parameters in mathematical equations. Thus the first principle model was not enough to represent changes of catalyst activities. 

In light of these difficulties for developing the first principle model, we propose alternative models of the styrene monomer reactor, using a hybrid model in which the first principle model is combined with neural networks.

System Description

In the SM reactor, three major competing reactions((1)~(3)) and three side reactions((4)~(6)) are known.
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And Fig 1 shows the adiabatic radial flow reactor which is the target process in this study.
Hybrid modeling of SM reactor

a) First principle model

Mass balance
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Energy balance
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Pressure drop
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b) Neural Network model

The neural network model consists of a set of processing units called neurons, connected to one another. The neural network in this study is a feed-forward network with one hidden layer, seven input variables and one output variable. By adjusting parameters in the coupling, between neurons, the network is capable of learning from a set of numerical data corresponding to the input and desired output.[6] Because of the time-varying characteristics of catalyst activity, the recurrent neural network is used in this hybrid model
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As the input variables
(1) Temperature (T (k-1));

(2) Feed rate (F (k-1));

(3) Partial pressure of steam in feed (PSTM (k-1));

(4) Feed flowrate of EB in feed (FEB (k-1));

(5) Deactivation factor at time point k-1  (((k-1)) 
As the output variable

(1) Deactivation factor at time point k (((k))
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A set of 22 data obtained from the industrial plant was used to train the neural network (15 data) and another set to check the trained neural network (7 data). As shown in Fig 3, using the difference of two values, calculated real factor ((0) and predicted factor ((), neural network model can be trained. Figs 4 & 5 show the calculated  ((0) versus predicted deactivation factor (() for the learning and test set. The achieved agreement is within the error. 
c) Hybrid model
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After training, the proposed neural network model supplies the catalyst deactivation factor (() at any operating conditions. Mass balance, energy balance and pressure drop equations can be solved using given plant data. From these equations, we can obtain reactor output data, such as temperatures and composition of the product from each reactor.

The structure of the hybrid model, in which the first principle model and the neural network model are coupled, is presented in Fig 6.

Simulation Results

The proposed hybrid model is well fitted with the real plant data. Fig 7 compare a real plant data with simulation results using predicted catalyst deactivation factor ((). These figures show the performance of styrene monomer and ethylbenzene that are the main materials of this process. The simulation results show good performance within error. The simulation results show good performance of 0.4% relative error, compare with 1.7% relative error of first principle model [7].
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Fig 7. Comparison of simulation data and real data of reactors

Optimization of operating condition 

a) Problem formulation

The objective function for optimization is the profit of the styrene monomer process. The objective function and constrains are formulated as shown in Table 1. TinR1 and TinR2 are inlet temperatures of reactor 1 and 2.

Table 1. Objective function and constraints for optimization

	Objective function 
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	Equality constraints
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	Inequality constraints
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b) Optimization for single operating variable
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First we will show how to determine the optimum trajectory of each operating variable while the other variables are remaining constant during the whole operating horizon. Fig 8 shows optimization results for single operating variable.

Fig 8 Optimization results for single operating variable

	y
	S/O ratio
	TinR1
	TinR2

	a1
	-0.4618
	239.7
	40.8274

	a2
	-6.126E-8
	3.64E-4
	3.67E-5

	a3
	1.307E-4
	-0.5152
	-0.7316

	a4
	3.2464
	147.4537
	560.245

	a5
	1.0072E-2
	3.8E-5
	1.4141

	C1
	6.0E+3
	65.0
	0.01

	C2
	10.0
	1.0E-5
	0.01

	error
	0.077%
	0.016%
	0.017%
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c) Profile fitting

Using the results from the previous section, mathematical equation form, (18) was selected. 
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(18)

In this equation, y is operating variable and t is DOS. And a1~a5 are variables and C1 and C2 are constants. As shown in Table 2, this equation fits profiles of Fig 8 well.

d) Profile optimization
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Fig 9 shows optimization results. As shown in Fig 9, S/O ratio should be increased slowly and inlet temperature of each reactor should be increased. Optimum profit is 65.2x108 won/yr. The current operating conditions are 130% load and 89 wt% EB/1 wt% SM/ 1wt% TL/ 9 wt% ET feed composition.

Fig 9 Profile optimization results

Conclusion

The hybrid model combining the first principle model with neural networks has been developed for an adiabatic radial-flow dehydrogenation reactor in the styrene monomer production process. The neural network model has predicted the catalyst deactivation factors and the first principle model calculates the reactor outlet data.

From simulation data, the maximum profit of this process has been calculated using real prices. Optimum trajectories of all operating variables have been proposed.
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Fig 3. Schematic diagram of learning method





a) S/O ratio
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Fig 5. Calculated vs. Predicted of Reactor 2





Fig 4. Calculated vs. Predicted of Reactor 1





Fig 6. Schematic diagram of hybrid model
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b) Reactor 2
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Fig 2. Recurrent neural network model





Fig 1. Current adiabatic radial flow reactor
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Table 2. Profile fitting results
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				140		28.2		30.2		0		15.9		3.44		616		612		1.5127659574		1.513

				154		30.2		32		0		16.7		3.4		620		616		1.5		1.5

				168		30.1		32		0		16.2		3.2		622		618		1.4950166113		1.495

				183		29.5		32		0		15.7		3.4		620		617		1.5016949153		1.502

				196		30.8		33.3		0		16.1		3.528		622		620		1.4893506494		1.489

				209		29.6		32.6		0		15.3		3.8		619		618		1.4898648649		1.49

				224		30.8		33.5		0		16.5		3.85		621		619.3		1.4983766234		1.498

				238		28.3		30.7		0		16.1		3.812		617		615		1.5190106007		1.519

				253		30.3		33.15		0		15.7		3.39		622		619.5		1.500330033		1.5

				294		30.2		33.2		0.996		15.3		3.6		623		620		1.5197350993		1.52

				308		30.2		33.2		0		14.9		3.3		622		620.6		1.4834437086		1.483

				324		30.4		33.5		0		15.2		3.6		623		621		1.4835526316		1.484

				337		30.3		33.5		0		15.2		3.57		623.4		621.9		1.4894389439		1.489

				350		30.3		33.5		0		15.3		3.5		623		621.6		1.495049505		1.495

				364		30.3		33.5		0		15.2		3.42		623		621.2		1.4943894389		1.494

				375		29.6		31.5		0		15.2		3.6		623		620		1.4560810811		1.456

				392		29.6		31.5		0		15.5		3.55		624		619		1.4679054054		1.467

				405		28.8		29.7		0		15.3		3.419		624		619		1.4437847222		1.444

				411		28.8		29.7		0		15.5		3.403		624.3		619.6		1.4512847222		1.451

				413		28.3		29.15		0		15.5		3.4		624.3		619.1		1.4575971731		1.458

				427		25.7		28		0		15.1		3.272		617.3		614.4		1.5497276265		1.549

				442		30.1		30.8		0		16		3		626.9		621.5		1.4551495017		1.455

				456		29.6		29.5		0		15.6		3.147		627.4		622.7		1.4173310811		1.417

				469		30.2		30		0		16.9		3.4		628.4		625		1.440397351		1.44

				484		29.6		29.5		0		16.7		3.4		622.3		627.8		1.4459459459		1.446

				497		30.4		31.2		0		15.5		3.4		629.8		624		1.4243421053		1.424

				511		30.4		31.2		0		15.3		3.33		629.6		624.3		1.4200657895		1.42

				525		30.4		31.2		0		15.4		3.4		630		623.7		1.4210526316		1.421
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				m3		operating data		predicted value				var1		var2		var3		var4		var5

				0		620		620.0000594757		0		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

				60		622.48		622.0321712706		0.0003221799		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

				120		630.04		630.2604619178		0.0000771434		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

				180		633.29		633.3993677284		0.0000188876		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

				240		634.69		634.7329440899		0.0000029057		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

				300		635.31		635.2912294711		0.0000005546		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

				360		635.59		635.5331987897		0.0000050762		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

				420		635.76		635.7037357334		0.0000049793		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

				480		635.94		635.9490348321		0.0000001284		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

				540		636.28		636.3634041521		0.0000109327		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

				600		637.06		637.0112415134		0.0000037318		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

						TinR1 operating		TinR1 prediction		eq

						TinR2 operating		TinR2 prediction		0.0004465196

						S/O operating		S/O prediction

				ax^3+bx^2+cx+d				2.9844

								4.83

						582.0469936253																200		0.00019

				m1								var1		var2		var3		var4		var5		150		0.000394

				0		620		619.9999656531		0		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998		100		0.001444

				60		628.603		628.6111598874		0.0000001059		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998		500		4.21E-05

				120		637.206		636.8947344198		0.0001520486		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998		1000		3.00E-05

				180		640.6178		640.3504621391		0.0001115634		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998		7000		2.44E-05

				240		642.0188		641.984213904		0.0000018632		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998		6000		1.85E-05

				300		642.6119		642.7387484797		0.0000250393		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				360		642.8668		643.0341443622		0.0000435613		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				420		642.9773		643.0945305555		0.000021374		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				480		643.0254		643.0537104576		0.0000012464		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				540		643.0463		642.9979984767		0.0000036281		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				600		643.0555		642.9863338414		0.0000074394		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

										eq

										0.0003678697

				1.3		620		620						0.349		1.5047		1.5047

				1.34		622.8		622.8						0.3541		1.50623		1.50623

				1.533		636.31		636.31						0.3612		1.50836		1.50836

				1.578		639.46		639.46						0.3917		1.51751		1.51751

				1.58		639.6		639.6						0.4114		1.52342		1.52342

				1.581		639.67		639.67						0.4221		1.52663		1.52663

				1.582		639.74		639.74						0.4289		1.52867		1.52867

				1.582		639.74		639.74						0.4378		1.53134		1.53134

				1.589		640.23		640.23						0.449		1.5347		1.5347

				1.681		646.67		646.67						0.4583		1.53749		1.53749

														0.465		1.5395		1.5395

				200		0.084

				100		0.0223

				80		0.0106

				70		0.00713

				67		0.0067

				65		0.00661

				60		0.00723

				50		0.0134

				40		0.0294

				20		0.124
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				m4								var1		var2		var3		var4

				0		620		619.9999656531		0		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				60		628.603		628.6111598874		0.0000001059		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				120		637.206		636.8947344198		0.0001520486		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				180		640.6178		640.3504621391		0.0001115634		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				240		642.0188		641.984213904		0.0000018632		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				300		642.6119		642.7387484797		0.0000250393		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				360		642.8668		643.0341443622		0.0000435613		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				420		642.9773		643.0945305555		0.000021374		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				480		643.0254		643.0537104576		0.0000012464		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				540		643.0463		642.9979984767		0.0000036281		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				600		643.0555		642.9863338414		0.0000074394		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

										eq

										0.0003678697

				0		987.8548372		481.3308243

				60		1071.3379236		645.4840325

				120		1131.7476029		673.1111938

				180		1168.755151		682.6669848

				240		1193.6974708		690.2530095

				300		1211.7221532		695.7822806

				360		1225.6062706		700.1070705

				420		1237.0200066		703.6820586

				480		1247.0464945		706.7786685

				540		1256.4283072		709.5719834

				600		1265.6967814		712.1815539

						277.8419442		230.8507296

				0		987.8548372		481.3308243				620		620				620		620

				60		1071.3379236		645.4840325		83.4830864		626.9569238667		626.96		164.1532082		636.41532082		636.4

				120		1131.7476029		673.1111938		60.4096793		631.9910638083		632		27.6271613		639.17803695		639.1

				180		1168.755151		682.6669848		37.0075481		635.07502615		635.08		9.555791		640.13361605		640.1

				240		1193.6974708		690.2530095		24.9423198		637.1535528		637.15		7.5860247		640.89221852		640.9

				300		1211.7221532		695.7822806		18.0246824		638.6556096667		638.66		5.5292711		641.44514563		641.4

				360		1225.6062706		700.1070705		13.8841174		639.81261945		639.81		4.3247899		641.87762462		641.9

				420		1237.0200066		703.6820586		11.413736		640.7637641167		640.76		3.5749881		642.23512343		642.24

				480		1247.0464945		706.7786685		10.0264879		641.599304775		641.6		3.0966099		642.54478442		642.54

				540		1256.4283072		709.5719834		9.3818127		642.3811225		642.38		2.7933149		642.82411591		642.82

				600		1265.6967814		712.1815539		9.2684742		643.15349535		643.15		2.6095705		643.08507296		643.1

						t		TinR1		TinR2		S/O ratio

						0		620		620		1.4897

						60		626.96		636.4		1.49123

						120		632		639.1		1.49336

						180		635.08		640.1		1.50251

						240		637.15		640.9		1.50842

						300		638.66		641.4		1.51163

						360		639.81		641.9		1.51367

						420		640.76		642.24		1.51634

						480		641.6		642.54		1.5197

						540		642.38		642.82		1.52249

						600		643.15		643.1		1.5245

				m1								var1		var2		var3		var4		var5

				0		1.5047		1.5026568615		0.0000027743		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613

				60		1.50623		1.5074204508		0.0000009409		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613

				120		1.50836		1.5125594965		0.000011692		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613				1.5047		1.4897		1.4897

				180		1.51751		1.5173186658		0.0000000241		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613				1.50623		1.49123		1.49123

				240		1.52342		1.5216673882		0.0000020163		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613				1.50836		1.49336		1.49336

				300		1.52663		1.525598483		0.000000697		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613				1.51751		1.50251		1.50251

				360		1.52867		1.5291092029		0.0000001262		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613				1.52342		1.50842		1.50842

				420		1.53134		1.5321981476		0.0000004809		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613				1.52663		1.51163		1.51163

				480		1.5347		1.5348644449		0.0000000176		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613				1.52867		1.51367		1.51367

				540		1.53749		1.5371074673		0.0000000952		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613				1.53134		1.51634		1.51634

				600		1.5395		1.5389267163		0.0000002135		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613				1.5347		1.5197		1.5197

																								1.53749		1.52249		1.52249

																								1.5395		1.5245		1.5245

						m1

						0		1.4897		1.5026568615		0.000112694		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000001241

						60		1.49123		1.5071943628		0.0001709065		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000001241

						120		1.49336		1.5116551545		0.000224134		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000001241

						180		1.50251		1.515283904		0.0001086		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000001241
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Sheet1

		

				p1m3		ac=0.00001						p1m4		ac=0.00001		n=10		p1m3

				0.2		618												0		0.2				0.2		610		620		620

		1		0.20618754		618.2475016				120		0?						60		0.20618754		0.04950032		0.24950032		612.475016		622.475016		622.48

		2		0.2251086		619.004344				100		1						120		0.2251086		0.15136848		0.4008688		620.04344		630.04344		630.04

		3		0.23322992		619.3291968				110		1						180		0.23322992		0.06497056		0.46583936		623.291968		633.291968		633.29

		4		0.23673705		619.469482				130		O						240		0.23673705		0.02805704		0.4938964		624.69482		634.69482		634.69

		5		0.2382693		619.530772												300		0.2382693		0.012258		0.5061544		625.30772		635.30772		635.31

		6		0.238977499		619.55909996												360		0.238977499		0.005665592		0.511819992		625.5909996		635.5909996		635.59

		7		0.23939201		619.5756804												420		0.23939201		0.003316088		0.51513608		625.756804		635.756804		635.76

		8		0.23984345		619.593738												480		0.23984345		0.00361152		0.5187476		625.93738		635.93738		635.94

		9		0.24069541		619.6278164												540		0.24069541		0.00681568		0.52556328		626.278164		636.278164		636.28

		10		0.24264665		619.705866												600		0.24264665		0.01560992		0.5411732		627.05866		637.05866		637.06

						1.4584

						0.0112184615

						7.4041846154

				p1m1		n=20

				10		0

				60		0

				-10		0

				-60		0

				-100		0?-1

				-110		0?-0.9?				0.4755630923		0.5831006844		0.6257469656

										0.6432595865		0.6506741194		0.653859529

										0.6552407355		0.655841964		0.6561041397

										0.656218555

								0.1180252		0		0.3680252		0.25				0.25		612.5		0		620

										1		0.4755631		0.3575381		0.2150762		0.4650762		623.25381		60		628.603

										2		0.583101		0.465076		0.2150758		0.680152		634.0076		120		637.206

										3		0.625747		0.507722		0.085292		0.765444		638.2722		180		640.6178

										4		0.6432596		0.5252346		0.0350252		0.8004692		640.02346		240		642.0188

										5		0.650674		0.532649		0.0148288		0.815298		640.7649		300		642.6119

										6		0.65386		0.535835		0.006372		0.82167		641.0835		360		642.8668

										7		0.6552407		0.5372157		0.0027614		0.8244314		641.22157		420		642.9773

										8		0.655842		0.537817		0.0012026		0.825634		641.2817		480		643.0254

										9		0.656104		0.538079		0.000524		0.826158		641.3079		540		643.0463

										10		0.6562186		0.5381936		0.0002292		0.8263872		641.31936		600		643.0555

												0.1806555

												0.361311

						p1m1

		0		1		0		1.3

		66.6666666667		2		0.1007		1.34028

		133.3333333333		3		0.2727		1.40908												plant data

		200		4		0.655126		1.5620504												optimum profile

		266.6666666667		5		0.69138583		1.576554332

		333.3333333333		6		0.687472		1.5749888

		400		7		0.676		1.5704

		466.6666666667		8		0.68041		1.572164

		533.3333333333		9		0.69493		1.577972

		600		10		0.95294		1.681176

		0		1		0		1.3		0		1.07E-32		9.59E-32		0.5846501983

		66.6666666667		2		0.1007		1.34028		66.67		0.6943495811		0.700943917		0.703620088

		133.3333333333		3		0.58465		1.53386		133.33		0.7047224295		0.7057453908		0.7204367328

		200		4		0.69435		1.57774		200		1.3

		266.6666666667		5		0.701		1.5804		266.67		1.34

		333.3333333333		6		0.70362		1.581448		333.33		1.533

		400		7		0.70472		1.581888		400		1.578

		466.6666666667		8		0.70575		1.5823		466.67		1.58

		533.3333333333		9		0.720437		1.589		533.33		1.581

		600		10		0.95294		1.681176		600		1.582

												1.582

												1.589

												1.681

				33		30.8		32.5		0		16.3		2.4		606		604		1.5064935065		1.506

				49		29.6		31		0		17.8		4		611		609		1.5135135135		1.514

				63		28.8		30		0		17.1		3.8		611		609		1.5034722222		1.503

				78		30.4		31.8		0		16.1		2.88		616		612		1.4809210526		1.481

				91		29.6		31.5		0		16.1		3.2		616		612		1.5		1.5

				105		29.6		31.5		0		16.6		3.63		616.4		612.5		1.5023648649		1.502

				119		29.5		32		0		16.3		3.228		616.4		613.7		1.5278644068		1.528

				140		28.2		30.2		0		15.9		3.44		616		612		1.5127659574		1.513

				154		30.2		32		0		16.7		3.4		620		616		1.5		1.5

				168		30.1		32		0		16.2		3.2		622		618		1.4950166113		1.495

				183		29.5		32		0		15.7		3.4		620		617		1.5016949153		1.502

				196		30.8		33.3		0		16.1		3.528		622		620		1.4893506494		1.489

				209		29.6		32.6		0		15.3		3.8		619		618		1.4898648649		1.49

				224		30.8		33.5		0		16.5		3.85		621		619.3		1.4983766234		1.498

				238		28.3		30.7		0		16.1		3.812		617		615		1.5190106007		1.519

				253		30.3		33.15		0		15.7		3.39		622		619.5		1.500330033		1.5

				294		30.2		33.2		0.996		15.3		3.6		623		620		1.5197350993		1.52

				308		30.2		33.2		0		14.9		3.3		622		620.6		1.4834437086		1.483

				324		30.4		33.5		0		15.2		3.6		623		621		1.4835526316		1.484

				337		30.3		33.5		0		15.2		3.57		623.4		621.9		1.4894389439		1.489

				350		30.3		33.5		0		15.3		3.5		623		621.6		1.495049505		1.495

				364		30.3		33.5		0		15.2		3.42		623		621.2		1.4943894389		1.494

				375		29.6		31.5		0		15.2		3.6		623		620		1.4560810811		1.456

				392		29.6		31.5		0		15.5		3.55		624		619		1.4679054054		1.467

				405		28.8		29.7		0		15.3		3.419		624		619		1.4437847222		1.444

				411		28.8		29.7		0		15.5		3.403		624.3		619.6		1.4512847222		1.451

				413		28.3		29.15		0		15.5		3.4		624.3		619.1		1.4575971731		1.458

				427		25.7		28		0		15.1		3.272		617.3		614.4		1.5497276265		1.549

				442		30.1		30.8		0		16		3		626.9		621.5		1.4551495017		1.455

				456		29.6		29.5		0		15.6		3.147		627.4		622.7		1.4173310811		1.417

				469		30.2		30		0		16.9		3.4		628.4		625		1.440397351		1.44

				484		29.6		29.5		0		16.7		3.4		622.3		627.8		1.4459459459		1.446

				497		30.4		31.2		0		15.5		3.4		629.8		624		1.4243421053		1.424

				511		30.4		31.2		0		15.3		3.33		629.6		624.3		1.4200657895		1.42

				525		30.4		31.2		0		15.4		3.4		630		623.7		1.4210526316		1.421
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				m3		operating data		predicted value				var1		var2		var3		var4		var5

				0		620		620.0000594757		0		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

				60		622.48		622.0321712706		0.0003221799		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

				120		630.04		630.2604619178		0.0000771434		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

				180		633.29		633.3993677284		0.0000188876		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

				240		634.69		634.7329440899		0.0000029057		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

				300		635.31		635.2912294711		0.0000005546		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

				360		635.59		635.5331987897		0.0000050762		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

				420		635.76		635.7037357334		0.0000049793		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

				480		635.94		635.9490348321		0.0000001284		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

				540		636.28		636.3634041521		0.0000109327		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

				600		637.06		637.0112415134		0.0000037318		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

						TinR1 operating		TinR1 prediction		eq

						TinR2 operating		TinR2 prediction		0.0004465196

						S/O operating		S/O prediction

				ax^3+bx^2+cx+d				2.9844

								4.83

						582.0469936253																200		0.00019

				m1								var1		var2		var3		var4		var5		150		0.000394

				0		620		619.9999656531		0		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998		100		0.001444

				60		628.603		628.6111598874		0.0000001059		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998		500		4.21E-05

				120		637.206		636.8947344198		0.0001520486		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998		1000		3.00E-05

				180		640.6178		640.3504621391		0.0001115634		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998		7000		2.44E-05

				240		642.0188		641.984213904		0.0000018632		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998		6000		1.85E-05

				300		642.6119		642.7387484797		0.0000250393		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				360		642.8668		643.0341443622		0.0000435613		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				420		642.9773		643.0945305555		0.000021374		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				480		643.0254		643.0537104576		0.0000012464		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				540		643.0463		642.9979984767		0.0000036281		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				600		643.0555		642.9863338414		0.0000074394		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

										eq

										0.0003678697

				1.3		620		620						0.349		1.5047		1.5047

				1.34		622.8		622.8						0.3541		1.50623		1.50623

				1.533		636.31		636.31						0.3612		1.50836		1.50836

				1.578		639.46		639.46						0.3917		1.51751		1.51751

				1.58		639.6		639.6						0.4114		1.52342		1.52342

				1.581		639.67		639.67						0.4221		1.52663		1.52663

				1.582		639.74		639.74						0.4289		1.52867		1.52867

				1.582		639.74		639.74						0.4378		1.53134		1.53134

				1.589		640.23		640.23						0.449		1.5347		1.5347

				1.681		646.67		646.67						0.4583		1.53749		1.53749

														0.465		1.5395		1.5395

				200		0.084

				100		0.0223

				80		0.0106

				70		0.00713

				67		0.0067

				65		0.00661

				60		0.00723

				50		0.0134

				40		0.0294

				20		0.124
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				m4								var1		var2		var3		var4

				0		620		619.9999656531		0		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				60		628.603		628.6111598874		0.0000001059		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				120		637.206		636.8947344198		0.0001520486		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				180		640.6178		640.3504621391		0.0001115634		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				240		642.0188		641.984213904		0.0000018632		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				300		642.6119		642.7387484797		0.0000250393		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				360		642.8668		643.0341443622		0.0000435613		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				420		642.9773		643.0945305555		0.000021374		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				480		643.0254		643.0537104576		0.0000012464		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				540		643.0463		642.9979984767		0.0000036281		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				600		643.0555		642.9863338414		0.0000074394		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

										eq

										0.0003678697

				0		987.8548372		481.3308243

				60		1071.3379236		645.4840325

				120		1131.7476029		673.1111938

				180		1168.755151		682.6669848

				240		1193.6974708		690.2530095

				300		1211.7221532		695.7822806

				360		1225.6062706		700.1070705

				420		1237.0200066		703.6820586

				480		1247.0464945		706.7786685

				540		1256.4283072		709.5719834

				600		1265.6967814		712.1815539

						277.8419442		230.8507296

				0		987.8548372		481.3308243				620		620				620		620

				60		1071.3379236		645.4840325		83.4830864		626.9569238667		626.96		164.1532082		636.41532082		636.4

				120		1131.7476029		673.1111938		60.4096793		631.9910638083		632		27.6271613		639.17803695		639.1

				180		1168.755151		682.6669848		37.0075481		635.07502615		635.08		9.555791		640.13361605		640.1

				240		1193.6974708		690.2530095		24.9423198		637.1535528		637.15		7.5860247		640.89221852		640.9

				300		1211.7221532		695.7822806		18.0246824		638.6556096667		638.66		5.5292711		641.44514563		641.4

				360		1225.6062706		700.1070705		13.8841174		639.81261945		639.81		4.3247899		641.87762462		641.9

				420		1237.0200066		703.6820586		11.413736		640.7637641167		640.76		3.5749881		642.23512343		642.24

				480		1247.0464945		706.7786685		10.0264879		641.599304775		641.6		3.0966099		642.54478442		642.54

				540		1256.4283072		709.5719834		9.3818127		642.3811225		642.38		2.7933149		642.82411591		642.82

				600		1265.6967814		712.1815539		9.2684742		643.15349535		643.15		2.6095705		643.08507296		643.1

						t		TinR1		TinR2		S/O ratio

						0		620		620		1.4897

						60		626.96		636.4		1.49123

						120		632		639.1		1.49336

						180		635.08		640.1		1.50251

						240		637.15		640.9		1.50842

						300		638.66		641.4		1.51163

						360		639.81		641.9		1.51367

						420		640.76		642.24		1.51634

						480		641.6		642.54		1.5197

						540		642.38		642.82		1.52249

						600		643.15		643.1		1.5245

				m1								var1		var2		var3		var4		var5

				0		1.5047		1.5026568615		0.0000027743		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613

				60		1.50623		1.5074204508		0.0000009409		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613

				120		1.50836		1.5125594965		0.000011692		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613				1.5047		1.4897		1.4897

				180		1.51751		1.5173186658		0.0000000241		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613				1.50623		1.49123		1.49123

				240		1.52342		1.5216673882		0.0000020163		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613				1.50836		1.49336		1.49336

				300		1.52663		1.525598483		0.000000697		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613				1.51751		1.50251		1.50251

				360		1.52867		1.5291092029		0.0000001262		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613				1.52342		1.50842		1.50842

				420		1.53134		1.5321981476		0.0000004809		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613				1.52663		1.51163		1.51163

				480		1.5347		1.5348644449		0.0000000176		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613				1.52867		1.51367		1.51367

				540		1.53749		1.5371074673		0.0000000952		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613				1.53134		1.51634		1.51634

				600		1.5395		1.5389267163		0.0000002135		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613				1.5347		1.5197		1.5197

																								1.53749		1.52249		1.52249

																								1.5395		1.5245		1.5245

						m1

						0		1.4897		1.5026568615		0.000112694		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000001241

						60		1.49123		1.5071943628		0.0001709065		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000001241

						120		1.49336		1.5116551545		0.000224134		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000001241

						180		1.50251		1.515283904		0.0001086		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000001241

						240		1.50842		1.5180500407		0.00006148		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000001241

						300		1.51163		1.5199463838		0.0000457534		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000001241

						360		1.51367		1.5209701861		0.0000352076		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000001241

						420		1.51634		1.5211200473		0.0000150684		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000001241

						480		1.5197		1.5203950951		0.0000003179		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000001241

						540		1.52249		1.5187947022		0.000008969		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000001241

						600		1.5245		1.5163183699		0.0000439089		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000001241

												0.0008270398

						m3

						0		620		620.001542549		0.0000000038		49.7976021752		-0.1500527098		551.5012979882		0.0001227526		0.0002352853

						60		626.96		634.1945986708		0.0834812714		49.7976021752		-0.1500527098		551.5012979882		0.0001227526		0.0002352853

						120		632		640.1966166705		0.1063046279		49.7976021752		-0.1500527098		551.5012979882		0.0001227526		0.0002352853

						180		635.08		641.7166051857		0.0693527247		49.7976021752		-0.1500527098		551.5012979882		0.0001227526		0.0002352853

						240		637.15		641.7971533689		0.0338947413		49.7976021752		-0.1500527098		551.5012979882		0.0001227526		0.0002352853

						300		638.66		641.4570827239		0.0122501359		49.7976021752		-0.1500527098		551.5012979882		0.0001227526		0.0002352853

						360		639.81		641.16413521		0.0028659792		49.7976021752		-0.1500527098		551.5012979882		0.0001227526		0.0002352853

						420		640.76		641.1723174954		0.0002653189		49.7976021752		-0.1500527098		551.5012979882		0.0001227526		0.0002352853

						480		641.6		641.6350686511		0.0000019168		49.7976021752		-0.1500527098		551.5012979882		0.0001227526		0.0002352853

						540		642.38		642.6522119885		0.0001153513		49.7976021752		-0.1500527098		551.5012979882		0.0001227526		0.0002352853

						600		643.15		644.2923487203		0.0020290144		49.7976021752		-0.1500527098		551.5012979882		0.0001227526		0.0002352853

						m4						0.3105610856

						0		620		619.9926131336		0.000000088		280.3304883512		178.0130205274		-1.0270470678		10.0264056931		0.0008628682

						60		636.4		618.1538986326		0.5231304449		280.3304883512		178.0130205274		-1.0270470678		10.0264056931		0.0008628682

						120		639.1		650.1442602356		0.1908553969		280.3304883512		178.0130205274		-1.0270470678		10.0264056931		0.0008628682

						180		640.1		653.3855837974		0.2757486906		280.3304883512		178.0130205274		-1.0270470678		10.0264056931		0.0008628682

						240		640.9		648.5155607105		0.0904926899		280.3304883512		178.0130205274		-1.0270470678		10.0264056931		0.0008628682

						300		641.4		642.0071288057		0.0005746888		280.3304883512		178.0130205274		-1.0270470678		10.0264056931		0.0008628682

						360		641.9		636.7445571296		0.0414061243		280.3304883512		178.0130205274		-1.0270470678		10.0264056931		0.0008628682

						420		642.24		634.2667300448		0.0989864128		280.3304883512		178.0130205274		-1.0270470678		10.0264056931		0.0008628682

						480		642.54		635.4923540687		0.0773015115		280.3304883512		178.0130205274		-1.0270470678		10.0264056931		0.0008628682

						540		642.82		641.0140736075		0.0050735356		280.3304883512		178.0130205274		-1.0270470678		10.0264056931		0.0008628682

						600		643.1		651.2365728808		0.102944827		280.3304883512		178.0130205274		-1.0270470678		10.0264056931		0.0008628682

												1.4065144102

								plant data		proposed condition		33		606		604		1.506

								TinR! Plant		TinR1 proposed		49		611		609		1.514

								TinR2 Plant		TinR2 proposed		63		611		609		1.503

												78		616		612		1.481

												91		616		612		1.5

												105		616.4		612.5		1.502

												119		616.4		613.7		1.528

												140		616		612		1.513

												154		620		616		1.5

												168		622		618		1.495

												183		620		617		1.502

												196		622		620		1.489

												209		619		618		1.49

												224		621		619.3		1.498

												238		617		615		1.519

												253		622		619.5		1.5

												294		623		620		1.52

												308		622		620.6		1.483

												324		623		621		1.484

												337		623.4		621.9		1.489

												350		623		621.6		1.495

												364		623		621.2		1.494

												375		623		620		1.456

												392		624		619		1.467

												405		624		619		1.444

												411		624.3		619.6		1.451

												413		624.3		619.1		1.458

												427		617.3		614.4		1.549

												442		626.9		621.5		1.455

												456		627.4		622.7		1.417

												469		628.4		625		1.44

												484		622.3		627.8		1.446

												497		629.8		624		1.424

												511		629.6		624.3		1.42

												525		630		623.7		1.421
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0



																		s/o

		1		580		0.0017		1.3245		2.3105								1.3

		2		580		0.0014		1.3542		2.1662								1.34

		3		580		0.0016		1.2437		2.1717								1.533

		4		580		0.002		1.4415		2.6015								1.578

		5		580		0.0015		1.2475		2.1175								1.58

		6		580		0.003		1.53		3.27								1.581

		7		580		0.0002		0.9437		1.0597								1.582

		8		580		0.0004		0.8606		1.0926								1.582

		9		580		0.0017		13.85		14.836								1.589

		10		580		0.0004		1.5936		1.8256								1.681

								y		s/o		1.3

						1		38.6956521739		89		0.0657826087

						2		0.9382776486		1		0.0013135887

						3		0.9986881345		1		0.001597901

						4		8.9856418338		9		0.0179712837

						stm		0				0

										cpx		0.0866653821		cpet

						cpx		cp10

				1.3		1.033		1.826
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Sheet1

		

				p1m3		ac=0.00001						p1m4		ac=0.00001		n=10		p1m3

				0.2		618												0		0.2				0.2		610		620		620

		1		0.20618754		618.2475016				120		0?						60		0.20618754		0.04950032		0.24950032		612.475016		622.475016		622.48

		2		0.2251086		619.004344				100		1						120		0.2251086		0.15136848		0.4008688		620.04344		630.04344		630.04

		3		0.23322992		619.3291968				110		1						180		0.23322992		0.06497056		0.46583936		623.291968		633.291968		633.29

		4		0.23673705		619.469482				130		O						240		0.23673705		0.02805704		0.4938964		624.69482		634.69482		634.69

		5		0.2382693		619.530772												300		0.2382693		0.012258		0.5061544		625.30772		635.30772		635.31

		6		0.238977499		619.55909996												360		0.238977499		0.005665592		0.511819992		625.5909996		635.5909996		635.59

		7		0.23939201		619.5756804												420		0.23939201		0.003316088		0.51513608		625.756804		635.756804		635.76

		8		0.23984345		619.593738												480		0.23984345		0.00361152		0.5187476		625.93738		635.93738		635.94

		9		0.24069541		619.6278164												540		0.24069541		0.00681568		0.52556328		626.278164		636.278164		636.28

		10		0.24264665		619.705866												600		0.24264665		0.01560992		0.5411732		627.05866		637.05866		637.06

						1.4584

						0.0112184615

						7.4041846154

				p1m1		n=20

				10		0

				60		0

				-10		0

				-60		0

				-100		0?-1

				-110		0?-0.9?				0.4755630923		0.5831006844		0.6257469656

										0.6432595865		0.6506741194		0.653859529

										0.6552407355		0.655841964		0.6561041397

										0.656218555

								0.1180252		0		0.3680252		0.25				0.25		612.5		0		620

										1		0.4755631		0.3575381		0.2150762		0.4650762		623.25381		60		628.603

										2		0.583101		0.465076		0.2150758		0.680152		634.0076		120		637.206

										3		0.625747		0.507722		0.085292		0.765444		638.2722		180		640.6178

										4		0.6432596		0.5252346		0.0350252		0.8004692		640.02346		240		642.0188

										5		0.650674		0.532649		0.0148288		0.815298		640.7649		300		642.6119

										6		0.65386		0.535835		0.006372		0.82167		641.0835		360		642.8668

										7		0.6552407		0.5372157		0.0027614		0.8244314		641.22157		420		642.9773

										8		0.655842		0.537817		0.0012026		0.825634		641.2817		480		643.0254

										9		0.656104		0.538079		0.000524		0.826158		641.3079		540		643.0463

										10		0.6562186		0.5381936		0.0002292		0.8263872		641.31936		600		643.0555

												0.1806555

												0.361311

						p1m1

		0		1		0		1.3

		66.6666666667		2		0.1007		1.34028

		133.3333333333		3		0.2727		1.40908												plant data

		200		4		0.655126		1.5620504												optimum profile

		266.6666666667		5		0.69138583		1.576554332

		333.3333333333		6		0.687472		1.5749888

		400		7		0.676		1.5704

		466.6666666667		8		0.68041		1.572164

		533.3333333333		9		0.69493		1.577972

		600		10		0.95294		1.681176

		0		1		0		1.3		0		1.07E-32		9.59E-32		0.5846501983

		66.6666666667		2		0.1007		1.34028		66.67		0.6943495811		0.700943917		0.703620088

		133.3333333333		3		0.58465		1.53386		133.33		0.7047224295		0.7057453908		0.7204367328

		200		4		0.69435		1.57774		200		1.3

		266.6666666667		5		0.701		1.5804		266.67		1.34

		333.3333333333		6		0.70362		1.581448		333.33		1.533

		400		7		0.70472		1.581888		400		1.578

		466.6666666667		8		0.70575		1.5823		466.67		1.58

		533.3333333333		9		0.720437		1.589		533.33		1.581

		600		10		0.95294		1.681176		600		1.582

												1.582

												1.589

												1.681

				33		30.8		32.5		0		16.3		2.4		606		604		1.5064935065		1.506

				49		29.6		31		0		17.8		4		611		609		1.5135135135		1.514

				63		28.8		30		0		17.1		3.8		611		609		1.5034722222		1.503

				78		30.4		31.8		0		16.1		2.88		616		612		1.4809210526		1.481

				91		29.6		31.5		0		16.1		3.2		616		612		1.5		1.5

				105		29.6		31.5		0		16.6		3.63		616.4		612.5		1.5023648649		1.502

				119		29.5		32		0		16.3		3.228		616.4		613.7		1.5278644068		1.528

				140		28.2		30.2		0		15.9		3.44		616		612		1.5127659574		1.513

				154		30.2		32		0		16.7		3.4		620		616		1.5		1.5

				168		30.1		32		0		16.2		3.2		622		618		1.4950166113		1.495

				183		29.5		32		0		15.7		3.4		620		617		1.5016949153		1.502

				196		30.8		33.3		0		16.1		3.528		622		620		1.4893506494		1.489

				209		29.6		32.6		0		15.3		3.8		619		618		1.4898648649		1.49

				224		30.8		33.5		0		16.5		3.85		621		619.3		1.4983766234		1.498

				238		28.3		30.7		0		16.1		3.812		617		615		1.5190106007		1.519

				253		30.3		33.15		0		15.7		3.39		622		619.5		1.500330033		1.5

				294		30.2		33.2		0.996		15.3		3.6		623		620		1.5197350993		1.52

				308		30.2		33.2		0		14.9		3.3		622		620.6		1.4834437086		1.483

				324		30.4		33.5		0		15.2		3.6		623		621		1.4835526316		1.484

				337		30.3		33.5		0		15.2		3.57		623.4		621.9		1.4894389439		1.489

				350		30.3		33.5		0		15.3		3.5		623		621.6		1.495049505		1.495

				364		30.3		33.5		0		15.2		3.42		623		621.2		1.4943894389		1.494

				375		29.6		31.5		0		15.2		3.6		623		620		1.4560810811		1.456

				392		29.6		31.5		0		15.5		3.55		624		619		1.4679054054		1.467

				405		28.8		29.7		0		15.3		3.419		624		619		1.4437847222		1.444

				411		28.8		29.7		0		15.5		3.403		624.3		619.6		1.4512847222		1.451

				413		28.3		29.15		0		15.5		3.4		624.3		619.1		1.4575971731		1.458

				427		25.7		28		0		15.1		3.272		617.3		614.4		1.5497276265		1.549

				442		30.1		30.8		0		16		3		626.9		621.5		1.4551495017		1.455

				456		29.6		29.5		0		15.6		3.147		627.4		622.7		1.4173310811		1.417

				469		30.2		30		0		16.9		3.4		628.4		625		1.440397351		1.44

				484		29.6		29.5		0		16.7		3.4		622.3		627.8		1.4459459459		1.446

				497		30.4		31.2		0		15.5		3.4		629.8		624		1.4243421053		1.424

				511		30.4		31.2		0		15.3		3.33		629.6		624.3		1.4200657895		1.42

				525		30.4		31.2		0		15.4		3.4		630		623.7		1.4210526316		1.421
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				m3		operating data		predicted value				var1		var2		var3		var4		var5

				0		620		620.0000594757		0		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

				60		622.48		622.0321712706		0.0003221799		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

				120		630.04		630.2604619178		0.0000771434		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

				180		633.29		633.3993677284		0.0000188876		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

				240		634.69		634.7329440899		0.0000029057		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

				300		635.31		635.2912294711		0.0000005546		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

				360		635.59		635.5331987897		0.0000050762		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

				420		635.76		635.7037357334		0.0000049793		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

				480		635.94		635.9490348321		0.0000001284		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

				540		636.28		636.3634041521		0.0000109327		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

				600		637.06		637.0112415134		0.0000037318		44.6094641598		-0.0982759952		548.3392919832		0.0000658408		1.6087969581

						TinR1 operating		TinR1 prediction		eq

						TinR2 operating		TinR2 prediction		0.0004465196

						S/O operating		S/O prediction

				ax^3+bx^2+cx+d				2.9844

								4.83

						582.0469936253																200		0.00019

				m1								var1		var2		var3		var4		var5		150		0.000394

				0		620		619.9999656531		0		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998		100		0.001444

				60		628.603		628.6111598874		0.0000001059		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998		500		4.21E-05

				120		637.206		636.8947344198		0.0001520486		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998		1000		3.00E-05

				180		640.6178		640.3504621391		0.0001115634		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998		7000		2.44E-05

				240		642.0188		641.984213904		0.0000018632		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998		6000		1.85E-05

				300		642.6119		642.7387484797		0.0000250393		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				360		642.8668		643.0341443622		0.0000435613		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				420		642.9773		643.0945305555		0.000021374		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				480		643.0254		643.0537104576		0.0000012464		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				540		643.0463		642.9979984767		0.0000036281		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				600		643.0555		642.9863338414		0.0000074394		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

										eq

										0.0003678697

				1.3		620		620						0.349		1.5047		1.5047

				1.34		622.8		622.8						0.3541		1.50623		1.50623

				1.533		636.31		636.31						0.3612		1.50836		1.50836

				1.578		639.46		639.46						0.3917		1.51751		1.51751

				1.58		639.6		639.6						0.4114		1.52342		1.52342

				1.581		639.67		639.67						0.4221		1.52663		1.52663

				1.582		639.74		639.74						0.4289		1.52867		1.52867

				1.582		639.74		639.74						0.4378		1.53134		1.53134

				1.589		640.23		640.23						0.449		1.5347		1.5347

				1.681		646.67		646.67						0.4583		1.53749		1.53749

														0.465		1.5395		1.5395

				200		0.084

				100		0.0223

				80		0.0106

				70		0.00713

				67		0.0067

				65		0.00661

				60		0.00723

				50		0.0134

				40		0.0294

				20		0.124
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				m4								var1		var2		var3		var4

				0		620		619.9999656531		0		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				60		628.603		628.6111598874		0.0000001059		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				120		637.206		636.8947344198		0.0001520486		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				180		640.6178		640.3504621391		0.0001115634		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				240		642.0188		641.984213904		0.0000018632		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				300		642.6119		642.7387484797		0.0000250393		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				360		642.8668		643.0341443622		0.0000435613		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				420		642.9773		643.0945305555		0.000021374		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				480		643.0254		643.0537104576		0.0000012464		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				540		643.0463		642.9979984767		0.0000036281		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

				600		643.0555		642.9863338414		0.0000074394		40.8274037218		560.245020447		-0.0731633042		1.4140975265		0.0000366998

										eq

										0.0003678697

				0		987.8548372		481.3308243

				60		1071.3379236		645.4840325

				120		1131.7476029		673.1111938

				180		1168.755151		682.6669848

				240		1193.6974708		690.2530095

				300		1211.7221532		695.7822806

				360		1225.6062706		700.1070705

				420		1237.0200066		703.6820586

				480		1247.0464945		706.7786685

				540		1256.4283072		709.5719834

				600		1265.6967814		712.1815539

						277.8419442		230.8507296

				0		987.8548372		481.3308243				620		620				620		620

				60		1071.3379236		645.4840325		83.4830864		626.9569238667		626.96		164.1532082		636.41532082		636.4

				120		1131.7476029		673.1111938		60.4096793		631.9910638083		632		27.6271613		639.17803695		639.1

				180		1168.755151		682.6669848		37.0075481		635.07502615		635.08		9.555791		640.13361605		640.1

				240		1193.6974708		690.2530095		24.9423198		637.1535528		637.15		7.5860247		640.89221852		640.9

				300		1211.7221532		695.7822806		18.0246824		638.6556096667		638.66		5.5292711		641.44514563		641.4

				360		1225.6062706		700.1070705		13.8841174		639.81261945		639.81		4.3247899		641.87762462		641.9

				420		1237.0200066		703.6820586		11.413736		640.7637641167		640.76		3.5749881		642.23512343		642.24

				480		1247.0464945		706.7786685		10.0264879		641.599304775		641.6		3.0966099		642.54478442		642.54

				540		1256.4283072		709.5719834		9.3818127		642.3811225		642.38		2.7933149		642.82411591		642.82

				600		1265.6967814		712.1815539		9.2684742		643.15349535		643.15		2.6095705		643.08507296		643.1

						t		TinR1		TinR2		S/O ratio

						0		620		620		1.4897

						60		626.96		636.4		1.49123

						120		632		639.1		1.49336

						180		635.08		640.1		1.50251

						240		637.15		640.9		1.50842

						300		638.66		641.4		1.51163

						360		639.81		641.9		1.51367

						420		640.76		642.24		1.51634

						480		641.6		642.54		1.5197

						540		642.38		642.82		1.52249

						600		643.15		643.1		1.5245

				m1								var1		var2		var3		var4		var5

				0		1.5047		1.5026568615		0.0000027743		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613

				60		1.50623		1.5074204508		0.0000009409		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613

				120		1.50836		1.5125594965		0.000011692		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613				1.5047		1.4897		1.4897

				180		1.51751		1.5173186658		0.0000000241		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613				1.50623		1.49123		1.49123

				240		1.52342		1.5216673882		0.0000020163		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613				1.50836		1.49336		1.49336

				300		1.52663		1.525598483		0.000000697		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613				1.51751		1.50251		1.50251

				360		1.52867		1.5291092029		0.0000001262		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613				1.52342		1.50842		1.50842

				420		1.53134		1.5321981476		0.0000004809		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613				1.52663		1.51163		1.51163

				480		1.5347		1.5348644449		0.0000000176		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613				1.52867		1.51367		1.51367

				540		1.53749		1.5371074673		0.0000000952		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613				1.53134		1.51634		1.51634

				600		1.5395		1.5389267163		0.0000002135		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000000613				1.5347		1.5197		1.5197

																								1.53749		1.52249		1.52249

																								1.5395		1.5245		1.5245

						m1

						0		1.4897		1.5026568615		0.000112694		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000001241

						60		1.49123		1.5071943628		0.0001709065		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000001241

						120		1.49336		1.5116551545		0.000224134		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000001241

						180		1.50251		1.515283904		0.0001086		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000001241

						240		1.50842		1.5180500407		0.00006148		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000001241

						300		1.51163		1.5199463838		0.0000457534		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000001241

						360		1.51367		1.5209701861		0.0000352076		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000001241

						420		1.51634		1.5211200473		0.0000150684		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000001241

						480		1.5197		1.5203950951		0.0000003179		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000001241

						540		1.52249		1.5187947022		0.000008969		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000001241

						600		1.5245		1.5163183699		0.0000439089		-0.4617974467		3.2463902811		0.0001307172		0.0100718129		-0.0000001241

												0.0008270398

						m3

						0		620		620.001542549		0.0000000038		49.7976021752		-0.1500527098		551.5012979882		0.0001227526		0.0002352853

						60		626.96		634.1945986708		0.0834812714		49.7976021752		-0.1500527098		551.5012979882		0.0001227526		0.0002352853

						120		632		640.1966166705		0.1063046279		49.7976021752		-0.1500527098		551.5012979882		0.0001227526		0.0002352853

						180		635.08		641.7166051857		0.0693527247		49.7976021752		-0.1500527098		551.5012979882		0.0001227526		0.0002352853

						240		637.15		641.7971533689		0.0338947413		49.7976021752		-0.1500527098		551.5012979882		0.0001227526		0.0002352853

						300		638.66		641.4570827239		0.0122501359		49.7976021752		-0.1500527098		551.5012979882		0.0001227526		0.0002352853

						360		639.81		641.16413521		0.0028659792		49.7976021752		-0.1500527098		551.5012979882		0.0001227526		0.0002352853

						420		640.76		641.1723174954		0.0002653189		49.7976021752		-0.1500527098		551.5012979882		0.0001227526		0.0002352853

						480		641.6		641.6350686511		0.0000019168		49.7976021752		-0.1500527098		551.5012979882		0.0001227526		0.0002352853

						540		642.38		642.6522119885		0.0001153513		49.7976021752		-0.1500527098		551.5012979882		0.0001227526		0.0002352853

						600		643.15		644.2923487203		0.0020290144		49.7976021752		-0.1500527098		551.5012979882		0.0001227526		0.0002352853

						m4						0.3105610856

						0		620		619.9926131336		0.000000088		280.3304883512		178.0130205274		-1.0270470678		10.0264056931		0.0008628682

						60		636.4		618.1538986326		0.5231304449		280.3304883512		178.0130205274		-1.0270470678		10.0264056931		0.0008628682

						120		639.1		650.1442602356		0.1908553969		280.3304883512		178.0130205274		-1.0270470678		10.0264056931		0.0008628682

						180		640.1		653.3855837974		0.2757486906		280.3304883512		178.0130205274		-1.0270470678		10.0264056931		0.0008628682

						240		640.9		648.5155607105		0.0904926899		280.3304883512		178.0130205274		-1.0270470678		10.0264056931		0.0008628682

						300		641.4		642.0071288057		0.0005746888		280.3304883512		178.0130205274		-1.0270470678		10.0264056931		0.0008628682

						360		641.9		636.7445571296		0.0414061243		280.3304883512		178.0130205274		-1.0270470678		10.0264056931		0.0008628682

						420		642.24		634.2667300448		0.0989864128		280.3304883512		178.0130205274		-1.0270470678		10.0264056931		0.0008628682

						480		642.54		635.4923540687		0.0773015115		280.3304883512		178.0130205274		-1.0270470678		10.0264056931		0.0008628682

						540		642.82		641.0140736075		0.0050735356		280.3304883512		178.0130205274		-1.0270470678		10.0264056931		0.0008628682

						600		643.1		651.2365728808		0.102944827		280.3304883512		178.0130205274		-1.0270470678		10.0264056931		0.0008628682

												1.4065144102

								plant data		proposed condition		33		606		604		1.506

								TinR! Plant		TinR1 proposed		49		611		609		1.514

								TinR2 Plant		TinR2 proposed		63		611		609		1.503

												78		616		612		1.481

												91		616		612		1.5

												105		616.4		612.5		1.502

												119		616.4		613.7		1.528

												140		616		612		1.513

												154		620		616		1.5

												168		622		618		1.495

												183		620		617		1.502

												196		622		620		1.489

												209		619		618		1.49

												224		621		619.3		1.498

												238		617		615		1.519

												253		622		619.5		1.5

												294		623		620		1.52

												308		622		620.6		1.483

												324		623		621		1.484

												337		623.4		621.9		1.489

												350		623		621.6		1.495

												364		623		621.2		1.494

												375		623		620		1.456

												392		624		619		1.467

												405		624		619		1.444

												411		624.3		619.6		1.451

												413		624.3		619.1		1.458

												427		617.3		614.4		1.549

												442		626.9		621.5		1.455

												456		627.4		622.7		1.417

												469		628.4		625		1.44

												484		622.3		627.8		1.446

												497		629.8		624		1.424

												511		629.6		624.3		1.42

												525		630		623.7		1.421
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