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wi 11 be reached. 
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CHAPTER I 

BASIC OXYGEN FURNACE STEELMAKING 

I • I Background 

Over-reduced hot metal, containing approximately 4.5% C, 1.0% Si, 1.0% 

Mn,< 0.01% P, and 0.02% S by weight, is supplied by the blast furnace. Oxidation, 

using commercially pure (99.5%) oxygen is then carried out in the B.O.F. under 

chemically basic conditions to remove the first four elements. Equations I.I and 

1.2< 1>, which describe desulphurization and dephosphorizatlon respectively, demon­

strate the necessity for basic conditions. 

[S] + CCaO) ::: CCaS) + [OJ 

2[P] + 5[0] + 3CCa0) = Ca 3CP0
4

> 
2 

I • I 

1.2 

[] represents a component in the metal and () a component In the slag. Desulphuri-

zation, a reducing reaction, is relatively inefficient under oxidizing steelmaking 

conditions. 

1.2 Chemistry of the Process 

Steelmaklng reactions at 1600°c may be summarized by the fol lowing 

equations( 1 •2 ): 
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[Fe] + 1/2 o2(g) = CFeO) 6H0 = -57,000 cal/mole I .3 

[cJ1 wt.% + 1/2 o2<g> = co<g> 6H0 = -27,000 cal/mole I .4 

co<g> + 112 o2<g> = co2<g> 6H0 = -68,000 cal/mole I .5 

[MnJ 1 wt.% + 1/2 o2Cg) = CMnO> 6H0 = -97,000 cal/mole I .6 

[Si]I wt.% + 6H0 =-226,000 cal/mole I. 7 

6H0 =-361,000 cal/mole I .8 

[SJ 1 wt.%+ CCaO) = [OJ 1 wt.%+ CCaS) 6H0 = 44,300 cal/mole 
I. 9 

[] 1 wt.% indicates that component acitivities are referred to the standard state 

of a I wt.% solution. The first six exothermic reactions generate enough heat to 

make Basic Oxygen Steelmaking an autogeneous process. Typical graphs of composition 

change in the bath and slag during the blow are illustrated in Figures l.l(a) and 

l.ICb)< 3
> respectively. 

1.3 Equipment Design and Operation 

The furnace rotates about a fixed horizontal axis to allow for various 

operating positions such as charging of new materials, blowing and tapping of steel 

and slag. Figure 1.2 illustrates the sequence of operations. Oxygen Is injected at 

supersonic velocities through a retractable water-cooled lance which is lowered 
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vertically into the furnace. Effluent gases, collected by a furnace hood, pass into 

a wet gas cooling and scrubbtng system. Fluxes such as limestone and dolomite 

are added in specified quantities to form a slag of desired basicity and fluidity. 

The basic slag, essential to sulphur and phosphorous removal, also collects oxidation 

products. 

Shortly before turndown bath temperatures are taken using bomb 

thermocouples, the blow being terminated when the correct end point temperature 

is reached. After turndown another temperature measurement, together with a bath 

sample analysis, is taken to ensure that specifications have been met. 



CHAPTER 2 

B.O.F. CONTROL SYSTEMS 

2 • I Advantages 

An important variable in B.O.F. steelmaking is the end point carbon 

content. If this carbon content is above specification, approximately 10% of 

tap-to-tap time may be used in a reblow to remove more carbon. The problems of 

overblowing are i I lustrated by Table 2.1< 4> and Figure 2.1. Lower carbon levels 

correspond with sharply increasing oxygen saturation, i.e., overblowing requires 

extra deoxidation which is costly in materials and produces a greater number of 

undesirable oxide inclusions In the steel Table 2.1 shows that as lower carbon 

contents are reached an increasing amount of oxygen combines with iron to form 

unrecoverable FeO in the slag, thereby reducing the iron yield. Overblown steels 

must also be recarburized in order to meet specifications. 

Another production problem is slopping -- the physical ejection of slag­

metal-gas emulsion from the B.O.F. It occurs when oxygen from slag FeO supplements 

the lance oxyqen for carbon elimination qiving an accelerated, sometimes violent 

evolution of CO. Slopping further reduces the iron yield but more important, it 

indicates the refining process ts out of control. Figures 2.2Ca> and 2.2(b)< 3> 

contrast slag analyses of a no-slop and slop heat. 

Loss of production time, excess oxygen consumption, oxide inclusion 

content and loss in iron yield are crucial factors to minimize if more efficient 

4 



·TABLE 2. I 

DISTRIBUTION OF TOTAL OXYGEN 
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profitable steelmaking is to be realized. 

2.2 General Principles 

Methods of control can be grouped into two general categories: static 

and dynamic. A static approach uses an empirically based heat and mass balance 

made before the blow begins, to calculate the correct amount of input materials 

required to arrive at the desired end point specifications. Although this procedure 

is standard practice at most North American steel plants, It is unsatisfactory 

because it cannot compensate for refining irregularities <e.g., slopping) and 

cannot predict at what time specifications will be met. 

In contrast, dynamic control takes into account such irregularities by 

on-line changes in operating variables Clance height and oxygen flow) as wel I as 

end point carbon and temperature predictions. The most fruitful dynamic end point 

carbon control system incorporates indirect carbon measurement by means of mass 

balances based on effluent gas analysis. Since carbon is evolved from a B.O.F. in 

gaseous form as CO and co2, the indirect carbon calculations are based on knowledge 

of (I) a reference carbon point, (2) bath weight, (3) stack gas flow measure­

ment, and (4) stack gas analyses for CO and co2 • 

Hot metal carbon analysis is not a satisfactory reference point because 

the analytical error involved is greater than the allowable end point tolerances. 

In addition, error introduced by integration of the decarburizatlon curve throughout 

the blow only compounds the problem. Approximate studies< 5, 5> made no direct 

continuous measurements of stack gas.flow, either assuming the flow was constant 

or proportional to the rated power of the exhaust fan system. More precise studies 

lead to the use of stack pressure differentials for flow measurement, e.g., an 



6 

orifice plate(?). These methods share a common difficulty. Sample gas is analyzed 

on a dry, clean basis but flow data apply to actual stack conditions. Calculation 

of the co and co2 mass flows therefore require a knowledge of water vapour and 

particulate matter contents -- added complications and sources of error. 

For these reasons the optimism associated with B.O.F. control systems 

based on such flow measurements has proved to be unwarranted, the application in 

practice being singularl~ 4dnsuccessful. 

2.3 Control by a Chemical Tracer Technique 

2.3.1 Stack Gas Flow 

A new chemical tracer technique by-passes the problems associated with 

monitoring stack gas water vapour and particulate matter content, pressure and 

temperature. 

Methane (as natural gas) is injected at a known rate into the stack. 

A stack gas sample is taken downstream from the injection point and analyzed. Since 

this analysis is on a clean, dry basis and the CH4 injection rate may be expressed 

as scfm1 stack gas flow rate dataarealso calculated on a clean, dry basis in scfm. 

2.3.2 Chemical Analysis 

As an alternative to hot metal carbon analysis, in-blow sampling and 

analysis for carbon has been used in this study to reduce analytical error. Also 

the error introduced by integrating the decarburization curve is reduced, since 

Integration now takes place over a fraction of the total blowing time. 
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CHAPTER 3 

CONTROL EQUATIONS 

Detailed derivations and error propagation formulae for each 

equation are given in Appendix I. Variable names are identical with computer 

listings in Appendix II; []after the equation number contains its location 

in the program. 

3.1 Carbon Evolution Rate 

Stack gas analyses for co2, CO, and CH4 combined with methane injection 

rates permit calculation of the carbon evolution rate. 

SF LOW Ct> = FLWCH4 x I 00 
CH4 

CEV Ct> = 0.031 CC02 + CO) x SFLOW Ct) 

100 

where at time t (minutes>: 

SFLOW Ct> = stack gas flow <scfm> 

FLWCH4 = methane injection rate Cscfm) 

CH4 = stack gas methane content <%> 

CEV (t) =carbon evolution rate (lb/min) 

C02 = stack gas carbon dioxide content (~) 

CO = stack gas carbon monoxide content <%> 

7 

3.1 [ 2. 567 J 

3.2 [ 2. 612 J 
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3.2 Bath Carbon Content 

The bath carbon content <%> at time t can be expressed as: 

sec <t> IOO<CDATMPT x TOTWT>/100 - CEVD) = --~~~~~~~~~----~~ 3.3 [ 2. 698 J 
TOTWT 

where DATMPT = carbon dat~m point analysis <%> 

TOTWT =estimated bath weight (assumed constant from sampling time until 

turndown - lb) 

CEVD =carbon evolved from time of datum point Clb) 

3. 3 Mode I I i n g 

Updating a least squares fit of the polynomial 

sec (t) = a + bt + ct2 3.4 

proves to be an extremely successful way of relating bath carbon content with 

time. Rearranging 3.4 gives 

TPRED3 = - b .. ../ bz - 4c (a - STALC) 
2c 

where STALC = end point carbon analysis <%> 

TPRED3 = predicted end point time (minutes) 

The predicted time left <seconds) at time t is 

TLEFT3 = CTPRED3 - t) 60 - MAXLAG 

3.5 

3.6 [ 2.1115] 
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where MAXLAG = maximum time delay of control system (seconds) 

3.4 Stack Lance Oxygen 

PRL02 (percentage recovered lance oxygen) is a variable used to estimate 

the proportion of input lance oxygen used In decarburizatlon. It is defined 

as the percentage of input lance oxygen recovered in the stack. Preliminary 

work< 3
> has shown PRL02 to be an effective indicator of the degree of slopping. 

PRL02 (t) = [1.27 CC02 + 02) + 0.77 CO - 26.50] x SFLOW Ct> 3•7 [ 2. 592 J 

FLW02 <t>/100 

where 02 = stack gas oxygen content <%> 

FLW02(t) = input lance oxygen flow <scfm) 



CHAPTER 4 

EXPERIMENTAL 

4.1 Tracer Injection 

Methane, supplied from bottles of compressed natural gas, was injected 

at constant pressure through a f lowmeter and injection probe into the stack 

gas (Figure 4.1>. The probe was designed to ensure that the methane would be 

well-mixed in the turbulent flow -- the basic assumption in this tracer 

technique. Pressure, temperature, and rotameter readings were recorded in 

order to correct injection flow rates to standard conditions. Stack gas. 

temperature readings (under 200°F> indicated no possibility of CH4 combustion. 

4.2 Gas Sampling and Preparation 

Approximately 100 feet downstream from the injection point and 

around a 120° pipe elbow, stack gas was continuously sampled through a probe 

identical to that used for methaneinjection. 25 cu. ft/hr of saturated stack 

gas sample was drawn under reduced pressure through a gas-sol id separator, 

for removal of gross particulate matter, to a sample preparation unit (Figure 

4.2>. In this unit, a heated filter c~ 300°F> removed most of the remaining 

particulate matter; subsequent passage through a refrigerated dryer reduced 

the water vapour content to approximately 5000 ppm (35°F dewpolnt>. Treatment 

by two more filters CIO and 3 µm) and Caso
4 

dessicant served as final preparation 

10 
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before the sample passed, under pressure (5 psig), to the gas analysis unit. 

4.3 Instrumentation 

4.3.1 Gas Analysis 

Three MSA infrared analyzers (for 0-30 % co2, 0-20% CO, 0-500 ppm CH4> 

connected in series and a Beckman polarographic oxygen analyzer C0-25%> in 

para I lel with the first three (figure 4.3> provided continuous sample gas 

analysis. Two flowmeters monitored the parallel flows of 4 cu. ft/hr, excess 

sample being vented to atmosphere. Each analyzer was calibrated before every 

experimental run with zero and span gases. 

4.3.2 Operating Variables 

The lance height above the static metal bath and lance oxygen flow 

were also recorded in order to examine their influence on PRL02 and decarburi­

zation. 

4.3.3 Time Delay 

Transport time from the sample point to the entrance of the sample 

preparation unit was calculated from known volumetric sample flows and the 

diameter of the sample line. The remaininq time delays for CO, co2 and CH
4 

were calculated from 90% response curves of standards injected at the entrance 

of the preparation and analyzer units. The o2 response time was estimated by 

correlations with processed gas analysis data. 
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TABLE 4. I 

TIME DELAYS 

Gas Time <seconds) 

co 52 

co2 51 

CH4 54 

02 59 

4.4 Data Co.llectlon and Processing 

An Esterline Angus D-2020 data acquisition system monitored and 

printed the six channels of mi I livoltage data in digital forms on a strip 

paper approximately every 3 seconds. After the information was keypunched 

onto data cards, it was processed by a program run on the CDC 6400 computer 

at McMaster University. Appendix I I provides a complete listing of the 

program. 



CHAPTER 5 

RESULTS 

5,1 Presentation and Discussion 

5,1.1 Measured Variables 

Ca> Gas Analysis 

Figure 5,1 Illustrates the CO, C02 and o2 analyses throughout HEAT 

#19923, A sharp decrease in co2 content and increase in o
2 

content at the 20.2 

minute mark show the effect of temporarily halting the blow to obtain a carbon 

datum point; the re-blow at the 24,3 minute mark for 1.3 minutes is also clearly 

shown by a co2 peak and an 02 drop. 

The marked shifts of component analyses from the 14 - 20 minute mark 

are characteristic of double furnace operation< 3>. When the waste gas system 

Is set for such operation, the total mass flow must now be divided between 

each furnace off-gas duct which Join a common header feeding into a 3-fan 

venturf scrubber system. With a lower mass flow on the furnace beinq studied, 

less air Is drawn through the open hood to di lute the CO and co2 contents; 

consequently these analyses sharply increase and the o2 content decreases. 

Closer scrutiny near the 14 minute mark reveals smaller peaks on 

all 3 curves fol lowed by relatively stable analyses unti I the sampling turndown 

(20 minute mark). These peaks Indicate a brief period of abnormally high carbon 

evolution which suggests that some degree of slopping has occurred here; this 

13 
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becomes more clear in the CEV and PRL02 curves to be discussed shortly. 

Cb) Lance Height and Oxygen Flow 

Figures 5.2 and 5.3 show these two operating variables during the 

blow and indicate more accurately when the turndowns and reblow occurred. 

Cc> Methane Injection Temperature 

The unusual temperature curve <Figure 5.4) was typical of al I the 

heats studied and is explained as fol l~ws: the adiabatic cooling effects of 

the sudden large pressure drops C> 2000 psia at first> through the gas bottle 

regulators caused adiabatic cooling. As more gas was injected, the pressure 

differential (and adiabatic cooling effects> decreased, thereby allowing heat 

transfer from the surrounding atmosph· re to predominate unti I ambient tempera­

tures were reached once again. 

5.1 .2 Calculated Variables 

Ca) Stack Gas Flow 

Figure 5.5 shows quite clearly how sharply the stack flow decreased 

when a second furnace duct was opened to the fan system at the 14 minute mark. 

The constant flow shortly before and after the reblow is a result of temporarily 

shutting off the tracer injection to conserve a low natural gas supply; to 

avoid calculating an infinitely large flow (with no tracer present) and a 

consequently distorted CEV curve, the flow was set at a suitable level. This 



HEi:tT NO. 19923 
,,_... 30.0 
I 
t-
a: 
Ol 

u 25.0 
H 
t-
a 
t-
(/) 

w 20.0 
> a 
m a 
• 15.0 I-

Ll.. 
..__, 

.___ 
::c 
(.!) 10.0 
H 
(JJ 
:I 
w 
u s.o z 
a 
_J 

o.o s.o io.o 15.0 20.0 25.0 30.0 

TIME ( MINUTES ) -
~ 

Figure 5,2 Lance Height Above Static Bath Ouring a Blow 
DI 



~ 

I 
0 1.40 
~ 

x 
r"'"'> 1.20 • z 
H 
L 
.......... 1.00 • .--
LL 

• 0 .so ::J 
u 
.__, 

:3 o.so 0 
,_J 
u. 
z w 0.40 
(.!) 

>-
x 
0 

lJJ 
u 
z 
a 

0.20 

,_J o.oo 
0 .o 

HE~T NO. 19923 

s.o 10.0 15 .o 20.0 25.0 30.0 

TIME (MINUTES) 
Figure 5,3 Lance Oxyqen Flow 



• t!) 55.0 
w 
0 

• 0.. so.o 
L 
w 
I-

z 0 45.0 
H 
}-
u 
w 
J 
z 
H 

w 
z 

40.0 

§t 35.0 
1-
i.JJ 
L 

o.o 5.0 

HEr:!T NO. 19923 

10.0 15.0 20.0 

TIME ( MINUTES ) 
Figure 5.4 Methane Injection 

Temperature 

30.0 

-
~ 
0 



I 
0 
..-I 

2.00 
x 
,..... 

• 
~ 
lJ.. 

1.ao 
u 
en 
........, 

en 1.so 
H 
(/) 

a: 
ca 

1.40 z 
a 
w 
....J u 

1.~o 

>-
0:: 
a 

"' 1.00 
3: 
0 
. .J 
LL 

x o.ao 
u 
a 
t; o.o 

HE~T NO. 19923 

s.o 10.0 15.0 

TIME CMINUTES) 
Fiqure 5.5 Stack Gas Flow 

v 

25.0 30.0 

-
~ 
a. 



15 

only affects to a minor extent the carbon evolution rate when the furnace is 

turned down. Stack flow errors throughout the blow averaged < 3.5 %, a sample 

calculation being given in Appendix I, equations I .I I and 1.12. 

(b) Carbon Evolution Rate 

The decarburization curve (figure 5.6) is calculated from the data 

shown in Fiqures 5.1 and 5.5 using equation 3.2. The sharp peak at the 14 

minute mark indicates that mi Id slopping occurred over a total period of 

less than 20 - 30 seconds. 

It is clearly demonstrated by Figure 5.7 that decarburization sti I I 

occurs after the lance oxygen is shut off. The amount of carbon evolved from 

turndown to sampling depends on the carbon level at turndown and the amount 

of time taken from turndown to sampling. In this particular case~ 2 points 

of carbon were evolved after each turndown. 

(c) Bath Carbon Content 

The bath carbon content for HEAT # 19923 from the datum point to 

end point sampling times, shown by Figure 5.8, dropped from 0.245 % (chemical 

analysis), to 0.095 % C (mass balance) whereas the actual end point was 

0.12 % C (chemical analysis). The dashed-dotted I ines indicate approximate 

confidence intervals - they gradually diverge as error accumulates. 

Since sampling times were not recorded they had to be assumed. The 

datum point time was taken halfway between the turndown (oxygen off) and reblow 

(oxygen on>. Final sampling times were taken as I .6 minutes after the final 

t d th t t . t. I (8 ) urn own, e s a 1s 1ca average . 



• z 
H 700.0 
~ 
.......... 
u 
• soo.o 

m 
_J 

w 
l­
a 

500.0 

~ 400.0 

z 
0 
H 
I- 300.0 
:J 
_J 
0 

Gj 200.0 

z 
0 
en 100.0 
n:: 
a 
u 

o.o 

HEi:1T NO. 19923 

s.o 10.0 15.0 20.0 

TIME (MINUTES) 
Fiqure 5,6 Carbon Evolution Rate 

25.0 30.0 

-
V1 
QI 



HEAT NO. 19923 -- D~TUM PT. TO END PT. S~MPLE TIME 
400.0 

_.... 

• z 
H 35010 
~ 
-....... 
u 

• ~oo.o 
en 
_ _J 

--.J 

25 0 a 0 o off 
w ~2 
l-
a 
oc ~oo.o 
z 
0 
H 
I- 15 0 a 0 
:J 
_J 
0 
Gj 100.0 -

z 
0 
ca so.o 
Q'.: 
a 
u 

o.o 100.0 ~oo.o 3 00 .o 400.0 

TIME (SECONDS) -~FTER OXYGEN OFF 
Figure 5.7 Carbon Evolution Rate After Lance o2 Shut Ott 

-
\J1 
CT 



,..... 

• 
t--
u 
Q_ 
.._, 

I-
z w 
I-
z 
0 
u 
z 
0 

HEr:!T NO. 19923 Dr:!TUM PT. TO END PT. S~MPLE TIME 
0.30 --~~~~-r-~~~~~~-.-~~-.-~~~~--..-~~~~---.~~~~--

0 .25 

0 .20 

··-··-··-··-··-··-··-··-··-

. ·- ... - ··- ·· - · · - ··-··­ ··-··-

' 

ca o .15 
a: a 
u 
I 
1-
CI 
Ol 

0.10 

o.o 

' 

··- .. .._ . . -.... .. - .. _ .. -
so.o 100.0 1so.o 200.0 2so.o ~oo.o 

TIME ( SECONDSl ~FTER C~RBON DRTUM POINT 
Figure 5.8 Bath Carbon Content (after datum point) 

-
\J1 
0 



16 

Cd) PRL02 

The percentage recovered lance oxygen (the percentage of input :ance 

oxygen recovered as CO and co2 in the stack) i I lustrated by Figure 5.9 indi­

cates the lance oxygen efficiency for carbon removal. Negative values 

result from inaccurate time delays and o2 analyses, The PRL02 curve is similar 

to the decarburization curve (Figure 5,6) because both are calculated, partly 

or in whole, from the stack gas flow, CO and co2 contents. 

The particularly high PRL02 values around the 14 minute mark can 

be explained by the fact that oxygen from slag FeO supplements lance o2 

to give a brief period of enhanced carbon evolution. This substantiates the 

f . d. f . k< 3 > h" h . d. t th t I . b t· bl 1n 1ngs o previous wor w 1c 1n 1ca es a s opp1ng ecomes no 1cea e 

when PRL02 values exceed 70 - 80 %. Figures 5,IOCa) and 5.IO(b) show a better 

example of slopping and Figure 5.1 I shows the operator's strategy to halt it. 

Appendix I (l.4.2(b)) contains a sample PRL02 calculation; the average 

error of PRL02 values is~ 13 %. 

Ce) UNUSD02Ct) 

The amount of lance oxygen used for CO combustion within the furnace 

is calculated in Appendix I (l,4.1). Although variance analysis indicates 

that such calculated quantities are very inaccurate (average relative error 

of~ 140 %>they may prove valuable in eliminating excess refractory wear 

in the corbel Car mouth) area of the B.O.F. Values of UNUSD02(t) <and her.ce 

heat generated in co-co2 combustion) averaged over several heats would be 

correlated with lance heiqht and oxygen flow. The best settings of these two 

variables <i.e., to minimize UNUSD02(t)) would be determined in order to 

reduce furnace lining costs. However, in order to use UNUSD02(t) for control 
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purposes it wi I I have to be known much more accurately, i.e., error introduced 

in o2, co2 and CO Cin decreasing order of importance) must be reduced by an 

order of magnitude, e.g., from I % to 0.1 % of ful I scale reading. Figure 5.12 

provides an example of UNUSD02(t) for HEAT # 19923 - the total amount 

unused for this heat.was~ 7~000 ! 10,000 ft 3 lance o2• 

5.1 .3 Mathematical Model I ing 

Unfortunately the reblow time for HEAT # 19923 was too short <with 

respect to delay time) to permit model I ing and prediction before turndown. 

However, data from HEATS # 19926 and # 19929 indicate that updating a least 

squares fit of the form 

BCC(t) = a + bt + ct2 (3.4) 

(where BCC(t) = bath carbon content <%> at time t minutes) predicts end point 

carbon contents (measured by gas analysis) within acceptable error limits 

(+ 0.01 %> 25 seconds before turndown. These predictions take into account 

the fact that I - 2 points of carbon can be removed from the time the oxygen 

supply is shut off unti I the bath is sampled. Figures 5.13(a) and 5.13(b) 

contrast predicted carbon content curves with the actual measured curves. 

Detailed prediction results are tabulated in Table 5.2. Because datum carbon 

analyses were unavailable for these two heats they were assigned values (Table 

5.1) such that the calculated end point value would equal the actual analyzed 

value - thus Table 5.2 I ists results calculated assuming no error in carbon 

evolution data. The predicted end points are lower than the measured end 

points (mass balance) but the fact that approximately I- 2 points of a carbon 
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TABLE 5. I I 7d 

r~ . .\ 1 rl CARBON CONTENTS 

,.,., . ~, 

HEAT # 1992':1 HEAT # 19926 

I • Datum point C (assumed) C!.254 0.158 

2. End point C <Chemical analysis) 0.050 0.055 
· at samp I i ng ti me 

3. End point C (Mass balance) at 
I ) 02 off 0.062 0,071 
2) sampling time (I .6 minutes 0.050 0,055 

after o2 off) 

TABLE 5.2 

END POINT PREDICTIONS 

o, of HEAT # 19929 HEAT # 19926 

itted Time left <Unt i I Oz off> BCC(t). at 
Time left (unti I 02 off) BCC(t) at 

1ata Points o2 off- o2 off-
Actual Predicted predicted Actual Predicted predicted 

4 32 21 1),058 32 25 0,066 

5 28 46 0,064 28 23 0,067 

6 25 39 0.064 25 19 0.066 

7 22 27 0.063 22 16 0,067 

8 19 22 0,063 19 11 0,065 

9 16 19 0.063 16 7 0,063 

10 13 12 0,062 13 2 0.062 

11 9 4 0.060 9 -2 0,060 

12 6 -3 0,059 6 -6 0,060 

13 3 -7 0.058 3 -9 0.060 

14 0 -10 0,058 0 -12 0,060 



18 

are evolved after lance o2 is shut off compensates for this. A more detailed 

study relating this amount of carbon evolved to the carbon level at o
2 

off and the time taken unti I the bath is sampled, wil I be necessary to 

improve the predictive model. 

Table 5,2 combined with computer calculations indicate that con­

trol ling the furnace by this method would have led to a turndown approxi­

mately 6 seconds and I I seconds too early for HEATS# 19926 and# 19929 

respectively; the carbon end point would have been 0,004 % higher for each 

heat. The solid line curves in Figures 5,12Ca> and 5,12(b) (the actual 

calculated data points> can be fitted essentially perfectly for control 

purposes as time delay is decreased; thus a shorter time delay wil I permit 

more accurate end point predictions. 

5.1 .4 Variance Analysis 

It must be emphasized that the variance analysis derived in Appendix 

is an approximation (Viz. the assumed variances in Appendix I (I .I ,2), While 

it provides estimates of confidence intervals for calculated values, at the 

moment it serves a more important function by indicating which sources of 

error deserve the most attention in order to arrive at more accurate 

results. The four largest sources in order of decreasing importance are 

VDATMPT, VC02, VCO, and VCH4; VDATMPT is by far the greatest. Equations in 

Appendix qualitatively show which data input errors are presently most 

important; a later extension of this present work wi I I indicate the same 

information quantitatively, e.g., the percentage of BCC(t) error derived 

from methane injection pressure error, temperature, etc. 
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5.1 .5 Sample Computer Printout 

Appendix I I, I I .2 contains a sample printout of computer calcula­

tions from HEAT # 19923 beginning at the datum point sample time. CEVCt), 

CEVD, and BCC(t) figures (and estimates of their errors - absolute and 

relative) are listed in detai I. 

5.2 Conclusions 

I. A very accurate method of measuring stack gas flow rates, fundamental 

to every control equation, uti Ii zing an injected chemical tracer 

has been developed. 

2. A sample mathematical model has been developed, based on data from two 

B.O.F. heats, which predicts the bath carbon curve (calculated 

from gas analysis) against time within acceptable error I imits 

<.:, 0.01 %> starting 25 seconds before turndown. 

3. Comparison of the end point carbon contents (calculated and analysed) 

from HEAT# 19923 indicates that B.O.F. control by off gas analysis 

and an in-blow carbon measurement is a practical possibility. 

4. Correlation of lance height and oxygen flow with corbel refractory wear, 

using the variable UNUSD02(t), wi I I be possible if gas analysis 

errors are reduced. 

5. Earlier and more accurate end point predictions wi I I be calculated as 

the time delay of the gas analysis system is reduced. 

6. Calculated decarburization curves indicate that slopping elimination 

wi I I be possible when the time delay is reduced by a factor of 3. 
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7. For practical B.O.F. control, foe average time (4 minutes at present) 

for carbon datum point sampling should be reduced. 

5.3 Recommendatl,.,.,. 

I. Several dozen more experimental heats must be studied to confirm these 

pre I imlnary results. 

2. Investigate simple alternative mathematical models to determine it 

more accurate end point predictions are possible. 

3. In-blow carbon analysis must be performed by the 19 minute mark to al low 

end point predictions for al I heats. 

4. Preliminary correlation of lance height and oxygen flow with UNUSD02(t) 

should be attempted (in spite of the large estimated errors in­

volved) to determine if further expenditure to reduce gas analysis 

errors is justifiable. 

5. A synchronized carbon datum point sampling procedure must be established 

with B.O.F. operating personnel to minimize loss of production 

time. 

6. Various methods of reducing gas analysis time delays should be thoroughly 

studied and, wherever possible, used to design a more effective 

control system. 
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APPENDIX I 

DERIVATION OF CONTROL EQUATIONS AND ERROR ANALYSES 

Variable names in these equations and the computer program 

<Appendix 11} are identica I. A variable name prefixed by a "V" becomes the 

variance of that variable, e.g., VCEV(t} is the variance of the carbon 

evolution rate CEV(t). When the original variable name is seven characters 

<maximum on the CDC6400) its variance name is shortened to a recognizable 

form of the oriqinal, e.g., variance 0f UNUSD02(t) is VUNUSD. []after 

the equation number contains its location in the program. 

I .I Propagation of Errors 

I .I.I Theory 

The variance of a function fCx
1
, x2, x

3
, ••• xn) can be 

• (I 0) 
approximated by equation I. I • 

for example I) y =ax+ bz 

n 
I: 

i=I 

-ay -- av a, ..;..J.. = b 
ax az 

22 

2 

Var{ x. } ( I • I ) 
I 
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Var {y} = a2 Var {x} + b2 Var {z} I. 2 

z 
~=~.~=-.; 
ax z az z 

2) y - -
ax 

2 2 2 
Var {y} a Var {x} a x {z} = L + --:.r- Var 

z z 

2 [var 2 Var {z}] a {x} + x I. 3 =L -z z z 

3) y = axz ~ = az, ~=ax 
ax az 

Var {y} = a2 [z2 Var {x} + x2 Var {z}] I .4 

1.1.2 Assumed Variance Values 

VP3 2 variance of injected tracer pressure P3 Cpsig) = C0.5/3.0) = 

VROTFLW 2 variance of natura I injection rate ROTFLOW (cfm) = (0.1/3.0) = gas 

VNATGAS = (0.005/3.0) 2 = variance of natural gas methane analysis NATGAS 

VC02 2 variance of stack gas co2 analysis C02<%> = (0.3/3.0) = 

2 variance of stack gas CO analysis CO<%> vco = (0.2/3.0) = 

VCH4 = (0.0005/3.0) 2 = variance of stack gas CH4 analysis CH4C%> 

V02 = (0.25/3.0> 2 = variance of stack gas o2 analysis 02<%> 

VCH4T = <2.0/3.0> 2 =variance of injected tracer temperature CH4TC°F> 
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VFLW02 = (600.0/3.0) 2 = variance of lance oxygen flow FLW02<scfm) 

VTOTWT = (5000.0/3.0> 2 = variance of bath weight TOTWTC I b) 

VDATMPT = (0.02/3.0> 2 = variance of carbon datum point analysis DATMPTC%> 

The assumed variances for stack gas analyses are derived from the 

manufacturer's specifications - 1% error of ful I scale analyzer readinq. 

Lance oxygen flow variance is obtained from a Dofasco internal report< 9>. 

Al I other variances are reasonable estimates gained by plant experience. 

I .1.3 Sample Calculation Data CHEAT #19923) 

a) Constants 

Average composition of dry air: 

AIRN2 = 78.09 % 

AIR02 = 20.95 % 

AIRAR = 0.93 % 

AIRC02 = 0.03 % 

ROTFLW = 12.75 cfm 

NATGAS = 0.936 

Tl = 70°F = 530°R 

Pl = 14.7 psi a 

P2 = 57.2 psi a 

AMOLVOL 359. I 3 C32°F, atm. > = ft /mole 

3 (70°F, atm.) = 386.8 ft /mole 



TCYCLE 

DATMPT 

TOTWT 

N2FACTR 

= 3. 168 seconds 

= 0.245 % c 

= 319,040 lb 

= AIRN2/(AIRN2 + AIAAR + AIRC02) = 0.988 

b) Data at 25.61 minute work (final oxygen off) 

CH4T = 55.4°F = 515.4°R 

CH4 = 0.0177 % 

C02 = 4.2 % 

co = o.oa % 

02 = 18.4 % 

I ,2 Flow Measurement 

1.2.l(a) Methane Injection Rate 

INJRATE = ROTFLW x NATGAS 

= (12.75 cfm)(0.936) = I 1.93 cfm 

Equation I .I gives 

V I NJ f{AT = ROTF LW2 x VNATGAS + NATGAS2 x VROTF LW 

= 0.00045 + 0.00097 ctm2 

= 0.001431 cfm2 

25 

1.5[ 2. 557 -

I .6[ 2. 558 = 



1.2.l(b) 

26 

INJRATE = methane injection rate Ccfm) 

ROTFLW = natural gas injection rate Ccfm) from Brooks cal i-

bration chart (Figure I .I) with rotameter reading 

at 100 mm. 

NATGAS =typical methane analysis of Matheson natural gas 

SF = ( TI x P2 ) I /
2 

CH4T x Pl 

= 1.84 

I. 7[ 2. 559 ] 

a CSF) 

aCCH4T> 
= _ ~ ( TI x P2 ) I /

2 

2 CH4T3
xPI 

a<SF) 

aCP2> 
1 ( Tl ) I /Z 

= 2 CH4T x Pl x P2 

VSF 
=C 

Tl x P2 ) VCH4T + ( Tl )vP2 
3 4 x CH4T x Pl x P2 x CH4T x P2 

=(4 
Tl x P2 ) ( VCH4T + VP2 ) 
x CH4T x Pl CH4T2 P22 

= sF
2 

( VCH4T + 
4 CH4T2 

= 0.845 Cl.68 x I0-6 + 1.26 x I0-5
> 

= 1.21 x 10-5 

I .8[ 2. 560 ] 
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1.2.l(c) 

SF = sizing factor for correction to standard 

Tl = temperature at standard conditions c0 R> 

Pl = pressure at standard conditions Cpsia) 

P2 = pressure at operating conditions Cpsia) 

CH4T = temperature at operating conditions <
0 R> 

FLWCH4 = INJRATE x SF 

=(I 1.93 cfm)(I .84) scfm 

= 21 .93 scfm 

YFLWCH4 = SF2 
x YINJRAT + INJRATE2 

x YSF 

= 0.00481 + 0.00172 scfm2 

= 0.00653 scfm2 

FLWCH4 = methane injection rate (scfm> 

1.2.2 Stack Gas Flow 

SFLOWCt> = FLWCH4 x 100 
CH4 

= 123,900 scfm 

27 

conditions 

I. 9[ 2. 561 ] 

I • IO[ 2. 562 ] 

I • I I [ 2. 56 7 ] 



From I .3 

VSFLOW = (I00)
2 

VFLWCH4 + (FLWCH
4 

)
2 

VCH4 
CH4 CH4 

= 3.19 x 107 C0.00653 + 0.0427) scfm2 

= l .57 x 106 scfm2 

Relative error of stack gas flow 

= 
3 x ~VS FLOW x l 00 

SFLOW(t) 

= 3.0 % 

SFLOW(t) =stack gas flow; dry clean basis Cscfm) 

CH4 = stack gas methane analysis <%> 

1.3 Carbon Evolution 

I .3.1 Rate 

CEV(t) = 12 x CC02 + CO> x SFLOWCt) 

AMOLVOL x I 00 

= 165 lb C/min 

Combining 1.2 and 1.4 gives 

28 

I • 12[ 2. 569 ] 

l • I 3[ 2 • 6 1 2 ] 



CEV(t) 

AMOLVOL 

C02 

co 

VCEV(t) = (0.03I) 2 
[SFLOWCt> 2CVC02 + VCO) 

100 

+ CC02 + C0> 2 VSFLOW] 

29 

I • I 4[ 2. 613 ] 

-8 8 7 2 = 9.64 x 10 (2.218 x 10 + 2.876 x 10) (lb C/min) 

= 24.1 Clb C/min> 2 

Relative error of CEVCt) 

= 

= 

= 

= 

= 
3 x JvcEVCt) x 100 

CEV(t) 

= 9.0 % 

% 

carbon evolution rate (lb C/min) 

molar volume at standard conditions (386.8 

stack gas carbon dioxide analysis C%> 

stack gas carbon monoxide analysis <%> 

3 ft /mole) 

Since the error of individual gas analyses are specified as 1% 

of fut I scale analyzer reading (30 %, 20 %, 25 % and 500 ppm tor co2, CO, o2 

and CH4 respectively) the relative errors of quantities calculated from 

these analyses wi I I increase with decr~asing component gas contents. Thus 

for this sample CEVCt) calculation the relative error is approximately 

double the relative error averaged throughout the heat <~ 5,0 %> because of 

low co2 and CO contents at turndown. 



30 

I .3.2 Integration-Trapezoidal Rule 

CEVCt.> + CEVCt >] l.15Ca> CEVD = (TCYCLE ) [CEV Ct I ) + 2 
60 x 2 

n-1 
r 

i=2 I n [ 2. 648 J 

= 409 lb c 

VCEVD based on I.I does not give reasonable results (e.g., 

integration over a longer time results in a smaller relative error of inte-

gration), This suggests that CEVCti) are not independent, a fundamental 

assumption of I.I; intuitively the same conclusion wi II be reached because 

an individual CEVCt.) wi I I always have a value close to that of its nearest 
I 

neighbours, thus it is not totally independent of them. 

One alternative for calculation of VCEVD is to rearranqe I .15(a) 

by assuming CEVCt
1
> = CEVCtn) so that we now have 

CEVD = (TCYCLE ) [ 2 
60x2 

n-1 
r 

i=I 
CEVCt.>J 

I 
l.15(b) 

If CEV(t.)were all independent and if VCEVCt.> = VCEVCt. 
1

> for = 2, ••• n 
I I 1-

then the variance of I .15Cb) would be expressed as fol lows: 

VCEVD = ((n-I) TCYCLE )
2 

VCEVCt.) 
60 I 

I. I 6Ca) 

In place of equal variances we can take the I a test averaged value of al I 

VCEVCt.) and use it to approximate VCEVD, i .e., 
I 

VCEVD = ( Cn-1 l 
6

:CYCLE r 2.~ I , 16( b) 
n [ 2. 650 -



where 

Thus 

i=I 

n 
I: VCEV ( t.) 

I 
~ 1897 (lb C/min) 2 QCEVD = 

VCEVD = 323 lb2 

CEVD =amount of carbon involved at time t (lb) 
n 

TCYCLE= data collection cycle <seconds) 

1.3.3 Bath Carbon Content 

31 

Ca) The bath carbon content (lb) at the datum point sampling time is 

HMCLB = DATMPT x TOTWT 
100 

= 782. I b C 

VHMCLB = 10-4 [DATMPT2 
x VTOTWT + TOTWT2 x VDATMPT] 

= 16.7 + 452.4 lb c2 

= 469 lb c2 

I • I 7[ 2. 798 ] 

I • 18[ 2. 799 ] 



(b) The bath carbon (lb) at time t may be expressed 

BATHCC = HMCLB - CEVD 

= 373 lb c 

VBATHCC = VHMCLB + VCEVD 

= 469 + 323 lb c2 

= 792 lb c2 

Cc) % C in bath at time t is 

100 x BATHCC 
BCCCt) = -----

TOTWT 

=0.117% 

I ,3 gives 

VBCCt = ( 100 r VBA THCC + (BA THCC ) 2 
TOTWT TOTWT 

9.82 x 10 - (792 + 4) %2 = 

= 7.81 x 10-5 %2 

Thus BCC{t) = 0.117 + 0.027 % C 

VTOTWT 

32 

l • l 9[ 2. 835 ] 

1.20[ 2. 836 J 

I .21 [ 2. 840 ] 

1.22[ 2. 842 J 



1.4 Oxygen Distribution 

I • 4. I Unused Lance Oxygen 

At time t we have: 

(a) Nitrogen content by difference expressed as 

N2 = [100 - (C02 +CO+ 02)] N2FACTR 

= 76.4 % 

VN2 = CVC02 + VCO + V02) N2FACTR2 

= 0.021 %2 

33 

I .23[ 2. 437 ] 

1.24[ 2. 547 J 

N2 =stack gas nitrogen content <%> adjusted for air, argon and co2 

content 

02 

N2FACTR 

= stack gas oxygen analysis <%> 

=correction factor to account for air argon and co2 content 



(b) Air flow into stack Cscfm) is 

AIRFLW = N2 x SFLOWCt) 
AIRN2 

= 121 , 200 scfm 

VAIRFLW = SFLOWCt>
2 

x VN2 + N2
2 

x VSFLOW 

AIRN22 

= 52,600 + 1.50 x 106 scfm2 

= I ,55 x 10
6 sctm2 

(c) Stack air oxygen flow Cscfm) 

AIR02 x AIRFLW SA02 = 
100 

= 25,400 scfm 

VSA02 = (A I R02 ) 
2 

VA I RFLW 
100 

(d) UNUSD02(t) 

2 = 68,200 scfm 

34 

1.25[ 2. 573 J 

1.26[ 2. 574 J 

1.27[ 2. 577 J 

I .28[ 2. 578 ] 

By assuming no CO+ co
2 

combustion in the furnace, the amount of 

air oxygen remaining in the stack 



= SA02 _ 0.5 C02 x SFLOW(t) 

100 

Stack oxygen= unused air oxygen+ unused lance oxygen 

Rearranging I .30 we have 

UNUSD02(t) =stack oxygen - unused air oxygen 

= 
02 x SFLOWCt) + 0.5 C02 x SFLOWCt> 

100 
- SA02 

Substituting for SA02 from 1.27 and defining 028YN2 = AIR02 x N2FACTR 
AIRN2 

UNUSD02Ct) = SFLOWCt) [C02C0.5 + 02BYN2) +CO x 02BYN2 + 02(1+02BYN2) 
100 

- 100 x 02BYN2] 

= 10.5 scfm 

35 

I .29 

I .30 

1.31[ 2. ':J79 J 

VUNUSD = SFLOWCt>
2 

[C0.5 + 02BYN2>
2 

VC02 + 02BYN2
2 

x VCO + (1+02BYN2>
2 

V02] 

I002 

:: 26,500 + .. 0 scfm 

2 = 26,500 scfm 

+ (UNUSD02(t) ) 
2 

SFLOW<t> 

2 

1.32[ 2. 583 J 
VS FLOW 



I .4.2 PRL02 

(a) Lance oxygen recovered as CO, co
2 

and unused lance o2 (scfm) is 

RLOZ = (0.5 C02+ 0.5 CO)SFLOW(t) + UNUSDOZCt) 
JOO 

Substituting for UNUSD02(t) 

36 

I .32(a) 
[ 2. '.:i85 J 

RL02 [Cl + 02BYN2>CC02 + 02) + C0.5 + 02BYN2)C0 - 100 x 02BYN2]SFLOWCt} = ~~~~~~~~~~~~~~~~~~~~~~---~~~~~ 

VRL02 

= 2660 scf m 

2 = 45,640 + 720 scfm 

2 = 46,400 scfm 

JOO 
J. 32( b) 

100 

I • 33[ 2. 588 ] 

(b} Percentage recovered lance oxygen is 

PRL02 = RL02 

FLW02Ct) 
x 100 I .34(a) 

[ 2. 592 J 

=[I .265 CC02 + 02) + 0.765 CO - 26.50]SFLOW(t) xJOO 1•34 (b) 

FLW02(t) 



j7 

= 24.8 % 

VPRL02 = {. I 00 r 
~LW02Ct>} 

VRL02 + ( RL02 ) 
2 

VFLW02 I • 35[ 2. 593 = 

= 4.0 + 0.2 %2 

= 4.2 %2 

FLW02(t) 

This gives a relative error for PRL02 of ~ 25 %. Reasoning 

identical to that used for the CEV(t) Cl.3.1) explains why this error is 

wel I above the heat average of ~ 13 %. 



c c 
( 
c 
( 
c 
c 
( 
( 
( 
c 

c 
c 

c 
c 

' 
3 

c 
c 

c 
c 

;C 
c 
c 
c 

I I. 1 Li st jog 
PROGRAM DOFASCO<INPUT=103,0UTFUT=103,TAPE5=INFLT,TAPE6=CLTFll, 

1 TAFF10=1004) 

P~CGRAt-' LIMITATIONS - 1) MEMORY SIZE OF MACHINE. 
2> TIME LIMIT. 

Al\Y NO. OF I-EATS CAN BE STUDIED IN SEQUENCE. 
DYNA~IC STORAGE ALLCCATION IS USED TO MINIMIZE CCRE. 

S~BRCUTINES CALLEOI 1) CONTRL 

DIMENSION ENOPLTC3) 
COMMON NOU01f0U02LDU03,XXC33000) 
COMMCI\ /JPLO S/NOPLCTS 
CCMMON /TITLES/MNYPL TzTITLE1<~>1TITLE2<2>,TITLE3<2>,TITLE4(2) 
CCM~ON /NBLANK/I1iI2,13,!4,I5,!b,I7,I8,I9,I10,I11,I12,FLOTS 
COM~CN /READ/KR/WRITE/KW 
CCMMON /MOL/ MODEL7<3>JMOOEL8<3>fMOCEL9C3> 1 MCCEL10C3>,MCOL<3>\ 

1 ccMH~~9~~fl~~}~~~~~~~~M~~?Yl~~:~Tf~~~~~~~~i~:~~~~~:'lA~~f~\i~~l2, 
1

DATA EN~~Et?~ij~J~~Ea~'~C~~!~HT Joe -- T,10HHANk YOU I 

REAL MISDTI~ 
CAL L SECOND CT I MEA > 
Kk= f 
KR= 5 
MNYFLT = 1 IMPLIES THtT A TITLE WILL BE PRINTEC EY THE FLOTTER. 
MNYPLT=1 
TITLES FOR PLOTS <E.G. NAME, CEPT., JOB CESCRIPTION, DAlE>. 
CONTINUE 
READ ?i. TITLE1,TITLE2,TITLE3,TITLE4 
IF CfOt- ,s> 4,3 
CONT INUt._ 
J3= 3 

MATHEMATICAL MODELS ARE READ IN FOR LATER OESCRIFTIVE PRINTOLT. 
PEA C CKR ,6> CMODEL 1 CI>, I=1,J3) 
READ <KR,6) CMOOEL2<I>,I=1,J3) 
READ CKR,6) CMOOEL3C!),I=1,J3) 
READ CKR,6> CMODEL4CI>,I=1,J3) 
READ CKR,6> CMODEL5CI),I=1,J3) 
P~AO CKR,6) CMOOEL6CI>,I=1,J3) 
PEAD CKR,6 > C"'10DEL 7 CI>, I=1,J3) 
READ CKR,6) CMOOEL8CI>,I=1,J3) 
PEAC CKR,6> Cl100EL9<I> 1 I=1,J3) 
PEAD CKR,6> <MO!JEL10<IJ,I=1,J3) 

NOATA IS THE NO. OF STORAGE LCCATICNS PER ARRAY. 
PEAD CKR,8) NOATA 

DIMENSIONING IN BLANK COMMON. 
DYNA~IC STORAGE ALLCCATION. 

1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 

1 
2 
3 
4 
5 
E 
7 
8 
g 

10 
11 
12 
13 
14 
15 
1E 
17 
18 
19 
20 
21 
22 
23 
24 
25 
2£: 
27 
28 
2 c: 
30 
~1 
32 
33 
34 
35 
36 
37 
38 
39 
40 
~1 
42 
43 
4 Lt 
45 
4E 
47 
48 
4 c: 
50 
~1 
52 
t: ~ 
J'-' 

54 
55 
SE 
57 



c 
( 
( 

c 
c 

c 
c 
c 

4 

5 

c 
6 
7 
E 
c 

10 
11 

11= 1 
I2=!1+NOATA 
I~= I ?+NOAT A 
I4=I~+NOATA 
15=!4+1\DATA 
I6=I5+1\0ATA 
I7=If+NOATA 
I e= I 7+NOAT A 
I'3=I8+NOATA 
I10=I9+NDATA 
111 =I10+NOA TA 
I 1 2 = I 11 + ND A T A 
I13=I12+NOATA 
I 14 = I 13 + NO A TA 
I 1 5 = I1 4+ NO A TA 
I16=I15+NOATA 

AMOUNT OF BLANK COM~OI\ LSED. 
NAMT=1E 4 NDATA 
WRITE (KW,9) NOATA,t\A~T 

1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 

1~~;~x1~~j~~x~i~:;~~t~~:;~~t~~:;~~l~~:;~bA~~!~~~i~~~~~~i~~~;~~l~~:; l: 
2 XX< I 12 > , XX CI 14) , xx CI 14 > , XX CI 15 J , XX< I1 > , XX <I ,S) , XX <Ir> , XX <I 1 t > ) 1 • 

CALL SECOND <TIM£8) 1. 
TIMEj=TIME9-TIMEA 1. 
CALTitF=TIMf2+TIME3+TIME4+TIME5+TIME7+TIME12+TIME13+TIME14+TI~E15+ 1. 

1TI~E16 1. 
MI5CTIM=TIME1-CALTIME 1. 

ANALYSIS OF CCMPUTATICN TI~E IS PRINTED CUT ~ERE. 
WRITE CKWf11) TIME2,TIME3 1 TIME41TI~E5~TIME151TIME7,TIME14,Tl~E12,F 

1LOTSzA~GT ME1TI~E13,TIME1b,CALT1ME,TIME1,MISUTIM 
WRITt CKW,101 
GO TO 2 
CONTINUE 
IF Cl\'CFLOTS.EQ.1) GC TO 5 
HI=0.6 
CALL FLOT co.o,o.o,sgs) 
CONT INUt. 
STO F 

1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
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E Cl 
E: 1 
62 
E3 
E4 
E:~ 
EE 
E7 
Etl 
E: 9 
70 
71 
72 
73 
74 
75 
7E 
77 
1e 
7<3 
8C 
81 
82 
83 
84 
85 
8 E: 
87 
ee 
es 
so 
<; 1 
92 
93 
g4 
cs:: 
9g 
S7 
<: e 
cc 

100 
101 
102 
103 
104 
10~ 
10€ 
107 
108 
109 
110 
111 
112 
113 
114 
11 ~ 



116 
117 
118 
11~ 
120 
121 
122 
123 
124-
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SUBROUTINE CONTPL <sco2,sco,scH4,SC2,SN2,FLW02,HTLANS,TCHL+,PRLC2,F 2. 
1XSAIP,CfV,8CC,TMELN,SFLCW,UNUS002,EQU,VCEV,8CLNDS,UPPER,LC~ER,CLHI 2. 
2E1,0UMIF2,0L:MIE~,sDR> 2. 

CONTFL IS THE MAIN SUBROUTINE. IT IS RESPONSIBLE FOR All CALC. 

SL:BROUTINE CALLED BYI 1> OOFASCO 

S~BRrUTINES CALLEDI 1> REA01 
2> SECOND 
~> CAL I8RT 
4) ARANGE 
5) XOIM 
6) NPLOTS 
7> LES Q 
8) E QU AT N 
9) NPLCT1 

10> ITER8 
AR~AY OfFINITIONSI SCC2 - STACK GAS CARBON CICXIDE CM~.>. 

- MV. CONVERTED TC FCT. BY CALIERT. s cc - STACK GAS CARBO~ ~O~OXIOE Ct-V.>. 

~ CH4 
- MV. CONVERTED TC PCT. BY CALIERT. 
- STACK GAS METHANE Ct'V.>. 
- f'V. CONVERTED TC FCT. BY CALIERT. s 02 - SlACK GAS OXYGEt>. (M\i.>. 

SN2 
- ~v. co~vrr;TED TC PCT. BY CALIERT. 
- STACK GAS NITROGE~ CPCT .> • 
- CALCULATED EY DIFFERENCE. 

F LWO 2 - LANCE CXYGE~ FLCk RATE CMV.>. 
- ,..V. CONVERTED TC SCFM. BY CALIBRT. 

1-TLAt\S - LANCE HEIGHT ABOVE STATIC EAH· CMV.> • 
- MV. CONVERTED TC FEET BY CALIERT. 

TC~4 - TEMP. CF INJECTED METHANE C,._ll\UTES>. 
- f'IN. CCNVERTED TC DEG. RAN~INE ev 

CALIBRl. 
FRLO 2 - FERCENTAGE RECOVERED LANCE CXYGEN. 

- <PERCE"TAGE OF LANCE OXYGEN RECCVEREO 
AS CO AND C02 IN THE STAC~. 

FXSAIR - FERCENTAGE EXCESS AIR. 

CEV 
ECC 
TME 
SFLOh 

- <AMT. CF AI~ DRAWN INTO STACK OVER 
AMT. NEEDED FOR BUR~ING co TO co2. 

- CARBON EVOLUTION RATE <LB. C.IMIN.> 
- EAT H C JI RB ON C 0 NT ENT <PC l • > • 
- TIME C,...INUTES> • 
- STACK GAS FLOW RATE CSCFM.> Ot\ A CRY, 

CLEAN eASIS. 
LNuS002 - AMT. OF LANCE 02 USED FOR CC TO CC2 

COMBUSTION IN THE FLRNACE. 
- CUMMY ARRAY USED EY LESO. 
- USED BY EQUATN TC CALCULATE FITTED 

CEPENCENT VARIABLE. 

EOL 

VCEV - VARIANCE OF DATA IN CEV. 
EOL:NCS - CONFIDENCE LIMITS OF CALCULATED 
L:FFER 

- EATH CARBON CONTENTS <BCCCJ>>. 
- ECC<J> + BOUNDS<J>. 

2. 
2. 
2. 
2. z. z. 
2. 
2. 
2. z. 
2. z. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. z. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. z. 
2. 
2. 
2. 
2. 
2. 
2. z. z. 
2. 
2. z. 
2. z. 
2. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1C 
11 
12 
13 
14 
15 
1E 
17 
18 
19 
20 
21 
22 
23 
24 
25 
2E 
27 
28 
2C:: 
30 
31 
3-2 
33 
3" 
35 
36 
37 
38 
39 
40 

" 1 42 
~3 
44 
4 s 
4E 
"7 "e 49 
5 () 
51 
52 
c: ~ 
54 
c: c: 
J .; 

5 t: 
57 



c 
c 
( 
c 
c 
( 
c 
c 
c 
( 
( 
c 
( 
c 
( 
c 
( 
( 
( 
c 
( 
c 
( 
( 
c 
( 
c 
( 
( 
c 
( 
c 
c 
c 
c 
( 
c 
( 
c 
( 
c 
( 
c 

L OkER 

SOR 

- UPPER CONFICENCE LI~IT. 
- ECC(J) - BOUNDS<J>. 
- LOWER CONFICENCE LI~ITS. 
- SPECIFIC DECARDURIZA3IO~ RATE. 
- <D<BCC (J) )/OT> /FLW02<J> 
- PCT. C/CU. FT. C2 

OU~IE1 
0Uf"IE2 
CUt'IE3 

- DUMMY STORAGE ARRAY. 
- GUMMY STORAGE ARRAY. 
- CUMMY STORAGE ARRAY. 

ARRAY STARTING ADDRESSESI 
Ii - SC02~SFLOW,EQU,Out'IE1 

I~ : ~8~i!~~~~IR,OUMIE2 
I~ : ~g~4 ~§ ~c 
Io - FLWO~ 
!7 - HTLANS 1 DUMIE3 
I 8 - SN2, TMt 
I9 - ~ONE USED FCR PLOTTING 

110 - ~ONE USEC FCR PLOTTING 
Iii - NONE USEC FCR PLOTTING 
I12 - ~CEV USEC FCR PLOTTING 
I13 - UNUS002 USED FCR PLOTTING 
!14 - EOUNOS,UPPER USED FCR PLOTTING 
115 - LOWER USEC FCR PLOTTING 
I16 - SOR 

THE VARIANCE OF A VARIABLE IS DENOTED BY THE ~AME OF THE 
~~~ ~~E5k I~~~~[ x~~M ~Y w~~t 7 ~H~RA~~ ~~~N¥ RE c~A~~ v ci~ > T~~ T v ~~~~A ~LE is 
VARIANCE HA~ BEEN SHORTENED TO A RECOGNIZABLE FORM OF T~E 
ORIGJNllL, E.G. VARIANCE OF UNUSD02(J) rs VUNliSO. 
THE SAM[ HOLns TRUE FCR THE FCLLOWI~G PREFIXES• 

S - STANDARD DEVIATIC~ CF VARI~ELE. 
C - CONFIDENCE LIMIT OF VARIABLE. 
P - FCT RELATIVE ERRCR CF VARIAELE. 

CERTAIN VAPIABLES ARE SUFFIXEC BY A 1 OR A 2. THESE VARillBLES 
ARE USED IN GALCULATI~G INTEGRATED TOTALS. SUFFIX 1 INOIC~TES 
THE ~RESENT VALUE OF VA~IABLE. SUFFIX 2 I~DICATES PRE~ICUS 
VALUE OF VARIABLE <THEREBY AVCIOING EXCESS sueSCRIPTING>. 

2. 58 
2. ~g 
2. EC 
2. f 1 
2 • E2 
2. t3 
2 • E4 
2. ES 
2. EE 
2. E7 
2. E8 
2. 69 
2. 7C z. 71 
2. 72 
2. 73 
2. 74 
2. 75 
2. it 
2. 77 
2. 78 
2. 79 
2. eo 
2. 81 
2. 82 
2. e3 
2. 84 
2. e~ 
2. 8E 
2. 87 
2. ee 
2. as 
2. 90 
2. 91 
2. 92 
2. 93 
2. 94 
2. cc: 
z. ~€ 
2. c: 7 
2. c: 8 
2. 99 
2. 100 
2. 101 
2. 102 
2. 103 
2. 10 4 
2. 1C~ 
2. 1 OE 
2. 107 
2. 108 
2. 109 
2. 110 
2. 111 
2. 112 
2. 113 
2. 114 
2. 11~ 
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1 C02PCT<1E> 'C02MV(16) ,COPCT(16) ,cotWC16) ,lCHltH\1(5E)' 2. 
2 TCH4TC56>1CH4PCTC16> 1CH4HVC16>,CH4PPMC16) 2. 

CCHMCN /CONNO/NHT1NFLk,N~021NCO,NCH~,NTCH4 2. 
COMMON /HTGPD/ HEAT~0<2>,GRADE1(2) 2. 
CCMMCN /NOOOAO/NDO 2. 
CCMMCN /DOPL TS/MPL OT ,NPT 2. 
CCMMCN/LBL/YLVERTC7>,YR~ERT<7>,XL~CR<7),XUHORC7> 2. 
CCMMCN/t::FORMAT/FMTE 2. 
CCM~CN/CPTIHE/TIME2,TIHE3 1 TIME4,TIME5,TIME15,TIME7,TIME14,TI~E12, 2. 

1 AVGTIME,TIME13,TIMt16 2. 
DATA HEATN0<1>,GRADE1<1)/10HHEAT NO. ,10HGRACE I 2. 
OAT~ BLANK/ 4H I 2 • 
DATA 8LANK10/10H I 2. 
DATA CCEFF<1>,COEFFC2>tCOEFF<3>,COEFF<4>,COEFF<5>14HALFA,4~BETA, 2. 

1 ti~f~~~b~~~~11i;~~~~~~<2>,COEFFNC3)/5HALPHA,5~8fTA ,SHGA~MA/ ~= 
DATA CCEFFNC4> 1 COEFFN<5)/5HPIE ,SP~ETA I 2. 
INTEGER PCHANGt PLOTS ACJFLW 2 
REAL LANSHT,N2MIX,N2MiN,NATGAS,LIME,MNMLWT,MNRMVO,N2FACTR,INJRATE 2: 
REAL N2,~AXLAG,MULTFLY,LOWER 2. 

READ 
PEAD 
READ 
READ 
READ 
READ 

(KP, 114) 
<KR,114) 
<KP ,111) 
C KR, 111) 
CKR,112) 
<KP, 113 > 

HEAT,HMkT 1 SCRAP 1 SPECC 1 H~SI,HMTEMF,CROING GRADE 1DATl"PT1L lf',Ef 0 CLC::, SPAR, TOT WT 
H~MN ~TALMN ~TALS STALC 
CATHtIM,TUR~1,PTIM~1 FTIMEc PRESTRT 
FCHANGE1ROTFLWi1P31RbTFLW2,~4tPTIMEfAOJUST1C~4FCTR 
NSTART ,tiJI1, INH1BI1 ,NCPLOT5,NUFllS, I2,NW81S,ACJFLW 

WRITF (f<W,116) 
WR! TE CKW, 115> HEAT, Hf"WT ,SCRAF ,SPECC,HMSI,HMTEf'P ,ORDING 

THE FOLLOWI~G ARRAYS INTO WHICH DATA IS READ A~E DEFINEC ABOVE. 
NHT = 16 
CAL l READ1 <LANSHT, HTINFT, NHT> 
NFL W=16 
CAL L RE A 01 CF L k M V, FL WC FT , NFL W > 
NCO 2=16 
CALL REA01 CC02MV,CC2FCT,NC02> 
NCO=H: 
CALL REA01 CCOMV,COFCT,NCO> 
NC!-14=16 
CALL READ1 CCH4MV, CH4!=Pf", NCH4> 
NTC H4=56 
CALL READ! <TCH4MV,TCt-4T,NTCH4) 
TEMF0=459.69 
TEMF1=:.!2.0 
TEMF?=7o.o 

COM FOSITION 
AIRl\2=7 t.og 
A IR 0 2= 20 • 9 5 
AIRAR=0.93 
AIRC02=lJ.03 

OF ORY Arr; 
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11E 
117 
116 
11<3 
12 0 
121 
122 
123 
124 
125 
12E 
127 
126 
12~ 
130 
131 
132 
133 
134 
135 
13E 
137 
136 
139 
1 4 Cl 
141 
142 
143 
144 
14~ 
14E 
147 
148 
149 
15{} 
151 
152 
153 
154 
15~ 
15E 
157 
156 
159 
160 
1t1 
162 
1E~ 
1 E4 
1t! 
1EE 
167 
1Ee 
1€9 
170 
171 
172 
173 
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CALCULATION OF MOLECULAR VOLU~E FRO~ METRIC UNITS 
ALITFR=22. 414 
GPERLE=0.0022046 
CuF T=ALI TER •o. 0353 2 
AMOL~OL=CUFT/GPERLB 
MOLECULAR VOLUME ADJUSTED FOR SCFM. CALCULATICNS. 
A~OLVCL=<TE~PO+TEMP2)/{TEMPO+lEHP1>•AMCLVOL 

ATOMIC WEIGHTS 
CML"'T=1£.011 
02MLWT=15. 994 

GAS ANALYSIS DELAY TIMES <SECONDS> 
C02CLY=18,2+32,7 
CODLY=j9.0+32,7 
C,..L+ CLY= 21, 2+32 • 7 
020LY=26,0+32,7 
MAX L AG=CH4DL Y 

ASSUMED VAPIANCE VALUES. 
ABC=3.0 
VHMWT=<SOOO.O/ABC>••2 
VHMTEP.P=<L+O,O/ABC> ••2 
VHHSI=<0,05/ABC>••2 
VSCRAF=<1000,0/ABC>••2 
VSCRAPC=<O, 05/ABC> .. ..,.2 
VP3=<0,5/ABC>••2 
VROTFL~=<0,1/ABC>••z 
V NA l GA S = <O , 0 0 5 I A BC ) • • 2 
VC02=<0.3/A8C>••2 
VC0=<0.2/ABC>••z 
V02=<0,25/ABC>••2 
VCH4=<o. OOOS/Aec>••2 
VCH4T=<2.0/A9C>••z 
VFlh02=<600.0/ABC> ..... 2 
VTO l WT= ( 50 0 u • 0 I ABC)• •2 
VOATt'FT=<O, 02/A8C> ••2 

VARIABLES USED FOR ANALYSIS OF COMPUTATION TI~E ARE 
INITIALIZED TO ZERO HERE. 
TIHE1=0.0 
TIME2=0. 0 
TI ME 3= 0 • 0 
TIME4=0.0 
TIMEl?=O.O 
TIMEfi=O. 0 
TIME7=o.o 
TIME8=D.O 
TH1 ECJ=O, 0 
TIMftO=O,O 
TIME 11= 0, 0 
TIME12=0,Q 
TIME13=0,0 
TIM[14=0,0 

2. 174 
2. 17S 
2. 17E 
2. 177 
2. 11e 
2. 179 
2. 180 
2. 1e1 
2. 182 
2. 183 
2. 184 
2. 1 es z. 18f 
2. 187 
2. 188 
2. 18S 
2. 19 0 
2. 191 z. 192 
2. 193 
2. 19ft 
2. 1c;s 
2 • 19E 
2. 197 z. 1c:e z. 19S 
2. 20() 
2. 2 01 
2. 2 02 
2. 203 
2. 20'4 
2 • 2 OS 
2 • 20E 
2. 207 z. 208 
z. 20S 
2. 210 
2. 211 
2. 212 
2. 213 
2. 214 
2. 21S 
2. 21£: 
2. 217 
2. 218 z. 21 s z. 220 
2. 221 
2. 222 
2. 223 
2. 22'r z. 225 z. 22E 
2. 227 
2. 228 
2. 229 
2. 23() 
2. 2 31 
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TIME15=0 .o 
TIME16=0.0 

AODEDFE=500 O.o 
TOTWT=TOTWT+ACDEOFE 
81=CMLHT/(AMOLVCL•1co.o> 
T1=TEMP0+85.0 
P1:::14.696 
P2=P1+P3 
ROTFLH=ROTFLW1 
N2FACTR=AIRN2/CAIRN2+AIRAR+AIRC02) 
TCYCLE=3.168 
NTC YCL f:::TCV CLE 
NATGAS=O .93E 
TFL W02=8 00 0. 0 
XSTEST=1400.0 
FLWTST=350000.0 
LINES=52 
NTI ME= 0 
HEATN0(2)=HEAT 
GRADE1 C2>=GRADE 

IF <INHBIT.GE.1> GC TO 1 
W ~I TE <KW, 11 7) HE A TN 0 (1 > , HEAT f\ 0 < 2 > , GR A OE 1 <1 > , GR A 0 E1 < 2) 
CCN l INL'E 
JN= 0 
M1=700 

READ IN DAT A 
THE FOLLOWING ARRAYS INTO WHICH DATA IS READ ARE OEFINEC AEOVE. 
CALL SECOND <TIHEA> 

~~ {£.~r!~~ 1 GO TO 2 
GO TO 3 
WRITE CKW, 119) 
STOF 1 
CONT IN Lif:. 
ILit"ES= J/LINES 
IlI~ES=ILINES•LINES 
IF <I.EO.ILINES.ANO.INHIBIT.EC.O> HRITE <KH,118) 
RE Ac (l<R , 12 0) SC02 (I) 'SC 0 <I) 'SCH4 <I)' s 02 <I> 'Furn 2 n) 'H TL AN s (I) 
TH'E=FLOAT C I-1)•TCYCLE 
TIHE=TIME/6 ll. 0 
TCH4 <I>=TIME 
TME CI> =TIME 
SCH 4 CI ) = SC H 4 <I ) -CH 4 F C l R 
IF CADJFLW,EQ.1) SCl-'4<I>=SCH4<I>•AOJUST . 
IF CINHIBIT.EQ.0) WRITE CKW,121> r,sco2cn,scccr>,SCt-<4(J),SQ2(J),F 

1LWO 2 U>, HTL ANS <I>, TIME 
IF CJN-1> 1+,6,8 

TIME = OATMTIM IMPLIES THAT Tl-'E OATLM POINT 
SAMPLING TI~E HAS BEE~ REACHEC. 
IF CTIMF-DATMTI~> 10,5,5 

z. 232 
z. 2~~ z. 231.i 
2. 235 
z. 23f z. 237 z. 23e 
2. 239 
2. 240 
2. 241 z. 242 z. 243 
2. 244 
2. 24 5 
2. 24E z. 247 z. 21te 
z. 249 z. 25(1 
2. 251 
2. 2 52 
2. 253 
2. 254 
z. 255 
2 • 25E 
2. 257 z. 25e 
2. 25c:1 
2 • 2 EC z. 2f1 z. 2E2 
2 • 2E3 
2. 2E4 
2. 2f ~ 
2. 2E:E 
2 • 2E7 z. 2ee z. 2f<3 
2. 270 
2. 2 71 
2. 272 
2. 273 
2. 274 
2. 275 
2. 27 E 
2. 277 z. 278 
2. 279 z. 280 
2. 2 81 
2. 282 
2. 283 
2. 284 z. 2e~ 
2. 28E 
2. 287 z. 2e e z. 2 ec:1 
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13 

14 

1~ 

c 
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CONTINUE 
N24=I 
N7= I 
JN=i 
GO Tfl 1(1 

TIME = TURN1 IMPLIES THAT THE FIRST TURNOOWN 
SAMPLING TI~E HAS BEE~ REACHEC. 
CONT Jl\UE 
IF <TIME..-TURNU 10,7,7 
CONTINLE 
N3= I 
JN=2 
GO TO 10 

SC02<I> = 992,0 IMPLIES THAT THE ENO OF THE OllTA DECI< HllS EEEN REA 
IF <SC02<I>-992.0> 10,9,10 
I=I-1 
N"'12=I 
GO TC. 11 
CONT INLE 
CONT Il\UE 
CALL SECOND <TIMES> 
TIME2=TIMEB-TIMEA 
IF <II2.GT,1> GO TO 12 

ENTRAl\CE TO 3039 ALLOkS TESTI~G TO DETERMINE 
E.FFECT OF SAMPLING EVERY <II2•3) SECONDS>. 
GC TO 15 
CCNTINUE 
II4= 0 
DO 14 I=1, N~ 
II3=I/II2 
II3=!4 II3 
IF CCI,EO.II'3>.0~.<I.EQ,1>> GC TO 13 
GC T 0 14 
CONTINUE 
Il4=II4+1 
SC02<II4>=SC02CI> 
SC O <I I 4 > =S C C <I > 
SCH4CII4>=SCH4CI> 
S02 <II4> =S02<I> 
FLW C? CII4> =FLW02 <I) 
HTLANSCII4>=HTLANS<I> 
TCH4<II4l=TCH4<I> 
CONT Il\LE 
N24=N24/Il2 
N7=N24 
N3=N3/II2 
NN12=NN12/II2 
TCY CLE=T CYCLE,.. FLOAT CI I 2) 
CONTINUE 
CALL SECOND <TIMEA> 

2. 2<20 
2. 2'31 
2. 292 
2. 293 z. 294 
2. 295 
2 • 2~E 
2. 2<37 
2. 2c:e 
2. 299 
2. 3CC 
2. 3 01 
2. 302 
2. 303 
2. 30'i 
2. 305 
2 • 3 OE 
2. 3Ci7 
2. 3 o e 
2. 3 oc: 
2. 31C 
2. 311 
2. 312 
2. 313 
2. 314 
2. 31 s 
2. 31E 
2. 317 
2. 318 
2. 31 s 
2. 3 2 0 
2. 3 21 
2. 322 
2. 323 
2. 324 
2. '12C: 
z. 32E 
2. 327 
2 • 32E 
2. 329 
2. 330 
2 '1'11 2: 332 
2. 333 
2. 334 z. 335 
2. 33t 
2. 337 
2. 33 e 
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17 
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l~~~~~~~~SF~gg 2~ir~1ij~[t 5~~2~i~~~ 2f~N~N~1~~~~I~~Eu~~~s. 
TCH4 IS CONVERTED FROt' TIME Ct'INUTES> TO TEMFERATURE <DEG. R>. 
CALL CLIBRT CSC021 SCO,SCH4,S02,FLW02,HTLANS, TCH4 ,NN12> 
CALL SECOND CTIMEe> 
TIME3=TI~EB-TIMEA 
CALL SECOND CT IMEA) 

ARANGE ADJUSTS THE INFUT ARRAYS TO ACCOUNT FCR TIME DELA'fS. 
C Al L ARA NGE <SC 02, SC 0, SC H4, S 0 2, CO 20 l Y, CO CLY, CI- 40 l Y, 0 20l 'f, TC Y CLE, N N 

112) 
CALL SECOND <TIMES> 
TIHE4=TIMEB-TIMEA 
DO 16 I=1,N24 
J=N 24-I+ 1 
IF <FLW02CJ>.LT.TFLW02) FLW02CJ>=O.O 
IF <FLW02(Jl.NE.O. O> C:O TO 17 
CONTINUE 
CONT If'.lUE 
N30=J 
00 18 l=1,N3 
J=N 3-1+1 
IF <FLW02<J>.LT.TFL~02) FLH02<J>=O.O 
IF < FL WO 2 < J ) • NE• 0 • 0 > C: 0 T 0 1 9 
CCN T !NUE 
NJ2 =J 

~~ ~~L~O~~f~:cr.TFLW02) FLW02<I>=C.o 
IF CFLW02<I>.NE.O. O> GC TO 21 
CONTINUF 
NN11 =I-N7-1 

IF CNOPLOTS .LE• 0) WRITE CKW, 124) 
PLOTS=1 
CALL SECOND CTIMEA > 
IF CNOPLOTS .NE.-1> GO TC 22 
GO TO 23 
R::AO CKR,125> 
GC TO 24 
PLOTS=O 

THESE PLOTS CORRELATE MILLIVOLTS TO ENGINEERING lJNITS. 
Cl\LL NPLOTS <1,NHT ,200 11,1,HTINFTfLANSHT ,I9, o,o. 0,1> 
CALL NPLOTS C1,NFLw,2oa,1,1,FLWCF ,FLWMV,!9,o,o.o,u 
CALL NPLOTS C1,NCH4,2C0,1,11Ct14PCT,CH4MV,I9t010•0,1> 
CALL NPLOTS C1,NCO 20C 1 1 l,;QFCT COt'ViISl,O u.u 1) 
CALL NPLOTS c1,NC0~,2c~,!,{,co2PlT,COlMV,I~,o,~.o,1> 
PLCTS=FLOTS+5 
CONTINUE 
IF CNCPLOTS.E0.1> GO 10 27 
IF WOFLOTS.EO.O> PLOTS=O 

XCI,., PLOTS co2, co t!N( C2 STACK GAS ANALYSES CFCT> vs. TIME. 
THE ~!EXT THPEE PLOT LANCE 02 FLOW, LANCE HEIGl-<T ABOVE 
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2. 36E 
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2. 370 
2. 371 
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2. 37Lt 
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2. 37E 
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2. 38t: 
2. 387 
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2. 39 c 
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STATIC BATH, ANO METHANE TEMPERATURES <DEG F> AS A 
FUNCTIO~ OF TIME. 
CALL XCIM csco2,sco,sc2,3,N3,112,xx<19>,TME> 
CALL NPLOTS <1,N3, 200,o,1,FLWC21TME1I9,0,o.o,1> 
CALL l\PLOTS <1,N3,200,0,1,HTUIN:::;,TME,I9,0,0.0,1> 

~gH~11r~lc~~<I>-TEMFO 
CONT INLE 
CALL l\PLOTS (1,N3, 200,0,1, TCH4,TME, 19, O, C.O, 1> 

~8Hf~1f~ft~Z<I>+TEMPO 
CONTINUE 
PLCTS=FLOTS+4 
CONT INl;E 
CALL SECOND <TIMES> 
TIMEf=TIMEB-TIMEA 

CALCULATION OF NITROGEN CONTEl\T BY OIFFE~ENCE. 
CALL SECOND <TIME!) 
IF <INHIBIT,EO.O> WRITE <KW,122) HEATN0<1>,HEATNC<2>,GRACE1<1>,GRA 

1DE1 <2> 
00 28 I=1,N3 
IL I NES=I/L INES 
ILINES=ILINES•LINES 
IF <I.EO.ILINF..S,ANO.INHIBIT.EQ,Q) Wl'ITE <KW,123> 
TIME=FLOAT<I-1>•TCYCLE 
TIME=TIME/oO,O 
FCH4=TCH4<I>-TEMPO 
NFT=HTLANS ( I>+0.001 
I NC HF:: S = < HT L A NS ( I> - Fl 0 AT < NF T> ) • 12 • 0+ 0 • 5 1 
s N 2 (I> = (10 0. o- (sea 2 ( !) + s co <I)+ s 0 2 <I ) ) ) •N 2F Ac TR 
IF <INHIBIT.EC.a> WRITE <KW,_126) I,TIME,SC02<I>,SCO<I> ,SCH4(I> ,so2 

1 CI > f SN 2 < I> , FL W 0 2 <I > , NF T , IN CH ES , F C H '+ . 
CON INUE 
CALL SECOND <TIMEH> 
TIME15=TIMEH-TIMEI 

CALCLLATE MAXIMUM ANO MINIMUM GAS CCNTENTS,METHAl\E TEMFERAlURES, 
OXYGEN FLOW,ANO LANCE HEIGHT. 
CALL SECOND CTH1EA> 
C02f"AX=SC02 (1) 
C02t-' IN=SCO 2C1> 
COMAX=SC0(1) 
C 0 M I N= ~ C 0 ( 1 > 
CH4f"AX=SCH4C1) 
C ... 4t"H.=SCH4C1) 
02MAX=S02(1) 
02M I f\=S02< 1 > 
N2MAX=SN2<1> 
N2"'1IN=SN2<1) 
TCH4MAX=TCH4(1) 
TCH4t'IN=TCH4 (1) 
FUI t-'·AX=FLWO 2 <1) 
FLWMIN=FLW02 <1> 
HT l t-'. AX= H TL A NS ( 1 ) 
HTLMJN=HTLANS<1> 
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DO 29 I=1 N3 
TIME=FLOAf <I-1>•TCYCLE 
C02~AX=AMAX1CCC2MAX,SC02<I>> 
C02~IN=AMIN1CC02MIN 1 SC02<I>> 
CCMAX=AMAX1CCOMAX,S~O<I>> 
COMIN=AMIN1CCOMIN SCO<I>> 
CH4~AX=AMAX1(C~4MAx,scH4CI>> 
CH4MIN=AMIN1CCH4MIN 1 SCH4CI>> 
02MAX=AMAX1(02MAX,Sl2(!)) 
02MIN=AHJN1<02MIN S02<I>> 
TCH4~AX=AHAX1<TCHtMAX,TCH4<I>> 
TCH4MIN=AHil\1CTCH4MIN,TCH4<I>> 
FLHHAX=AMAX1CFLWMAX,FLHC2CI>> 
FUH''IN=AMIN1<FLWMIN,FLW02CI> > 
HTL~AX=AMAX1CHTLMAX,H1LANS<I>> 
HTLMIN=AMIN1<HTLMIN 1 HTLANS<I>> 
N2MAX=AMAX1CN2MAX,S~2<I>> 
N2MIN=tMIN1<N?MIN,SN2<I>> 
CONlI~LE 
CALL SEC ONO CT IMEB) 
TIME5=TIMEB-TIMEA 

PRil\TCUT TABLE CF MAXIMLMS ANG MINIMUMS. 
IF <INl-!IBIT.LE.1> WRITE <KW 127> TI~E5 
IF <INHIBIT.LE.1> WRITE <KW~.128) C02MAX,COMAX,CH4MAX,02t'AX,N2M#IX,C 

102MIN,COHIN,CH4MINiC2t'IN,N2Ml~ 
IF <INHlBIT.LE.1> HRI1E CKH,1£9) 

HtE NEXT 4 LINES CO~VERl LANCE HT. IN FEtT TC FEET ANO 11\Ct-<ES. 
MN1=hTLMAX+0.001 
M~2=<HTLMAX-FLOAT<MN1>>•12.0 
MN3 =HTLMIN+ O. 0 01 
MN4=CHlLMIN-FLOAT<MN3>>•12.0 
TCH4HAX=TCH4MAX-TEMPO 
TCH4~Il\=TCH4MIN-TEMPO 
IF <Il\lHJBIT.LF..:.1> WRITE CKW,130) FL""MAX,MN1,f"t-.2,TCH4MAX,FLl'ltH~,f"N3 

1 , MN 4 , TC f-l 4M I N 

CALCLLATION OF CARBCN CCNTENT OF HCT METAL ASSUMING SATLRAlIC~. 
HMC=1.~4+0.0~14•HMTEMF-0.3•HMSI 
VbHC=C0.0014••2>•VH~TEMF+<0.3••2>•VbMSI 
SCRAFC=0.10 
SCRFCLB=SCRAPC•SCRAF/100.0 
VSCFCLB=<SCRAP/100.0>~•2•vscRAPC+<SCRAPC/i00.0>••2•vscRl1F 
Hl"CLB=H tC•HMWT /100 • 0 
VHMCL~=<HMWT/100.0>••2•VHMC+<bMC/100.o>••2•VHl"WT 
1-<MC L P=HMCL 8 +SC RPCL B 
VHMCLB=VHMCLB+~SCPCLB 
IF <It-.HIBIT .LE. 2> WRITE <KW, 131> HEllTNO( 1> ,HEATNC<2> 1 GRACE1 <1> ,GRA 

1DE1 <2> 

DEL Ttl2=<TCYCLE/60. 0>••2 
0 2 B Y M 2 = ( A I R 0 2 I A I RN 2 ) • t\ 2 F AC TR 
OCH4AMT=O. 0 

2. 4E4 
2. 4E5 
z. lttt 
2. 467 
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2. 471 
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z. 4 75 
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2. 483 
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2. 485 
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2. 488 
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2. 4C31 
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2. 500 
2. SC1 
2. 502 
2. 503 
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2. 513 
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2. 515 
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c c 
c 
c 
( 
c 

30 

31 

Ql;NLSD=o.o 
QTOTAIR=O.O 
OTRLC2=0 .o 
QTOTXS=o.o 
acEvn=o.o 
CALL SECOND <TIMEA > 
IF <AOJFLW,fQ,1) ROTFLW=ROTFUr•ADJUST 

DO 38 DOES CALCULATIO~S FOR Tl-E WHOLE HEAT. CO 50 <FURT~ER O~ IN 
PROGRAM> CALCULATES I~FCRMATICN AFTER THE DATUM FOINT, EASED 
UFON T~E SA~E DATA CALCULATED HERE, E.G. CEV<J>, ETC. PREOICTIC~S 
ARE IN DO 108, 
00 3 e. J= 1 N 3 
OIVInE=FL6AT<J> 
MUL TFLY=FLOAT<J-1) ••2 
DEL MLL T= DEL TA 2• MUL TPL Y 
.. LI t\ ES=J IL INES 
JLINES=JLINES•LINES 
IF CJ.EQ,JLINES,AND.H:HIBIT.LE.2> WRITE <KH,1~2> 
C02=SC02 <J> 
co= sea <J > 
02=S02<J> 
CHL+=SCl-4 {J) 
N2= SN2 CJ) 
VN2= CllC02+ \/CO+VC2> •l\2FACTR"H.2 
CN2=ABC•SQRTCVN2) 
PN2=CCN2"'100,0J/N2 
CH4 T=TCH4 ( J) 
TME CJJ=FLOAT<J-1>•TCYCLE/60, 0 
I F C F CH A NG E • E 0 • 1 , A ND , I= T IM E • G E • TM E < J > > GO T 0 3 0 
GC TC ~1 
ROT FLW=ROTF LW2 
P2=F1+P4 
CONTINUE 
INJRATE=ROTFLH•NATGAS 
VTNJRAT=CNATGAS••2>•VROTFLW+CROTFLW••2>•~NATGAS 
SF=SORT<<Tt•P2>1CCH'+T"P1)) 

· VSF=CT1•P2)/(4.0•P1•C~4T>•<VCH4T/CH4T••z+VP3/F2••z> 
FLW C H4=I NJ RATE •SF 
VFLWCH4=<SF••z>•VIN~RAT+CINJRATE""2>•VSF 
VFL CH41=VFL WCH'+ 
FLWCH41=FLWCH4 
TIME=FLCATCJ-t>•TCYCLE 
TIMf=TIMf/60.0 
SFLCWCJ>=<FLWCH4/CH4)"'100.0 
IF <SFLOW<J> ,GT.FLWTST> SFLOW<J>=FlwTST 
VSFLOW=<100.0/CH4) ••2•cVFLWCH4+<FLWCH4/CH4>••2•vCH4) 
SSFLOW=SQRT<VSFLOW) 
CSFLOw=ABC•SSFLOW 
PSFLCW=<CSFLOW/SFLOW(J))•too.o 
AIRFLW=N2"'SFLOW(J)/AIRN2 
\/AIRFL!-1= CSFLOWCJ>••2•VN2+N2••2•VSFLOW) /CAIRN2""2) 
VllRFlld=VAIRFLW 
AIPFLW1=AIRFLW 
SA02=1ll~02•1lIRFLW/100.0 
VSA02=CAIR02/100,0)••2•VAIRFLk 
U~USQC2<J>=C02+0,5•C02>"SFLOW(J)/1CC.O-SA02 
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2. 574 
2. 5; 5 
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34 

35 

.c 
c 
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IF <FLW02<J>.LT.TFLW02) UNUSOC2<J>=O.O 
DUMMY1=C02•<o.S+02BYN2>+co•<028YN2)+02•<1.o+c2ev~2>-100.o•c2ev~' 
vou~HY1=<0.s+o2evN2>••2•vco2+02evN2••2•vco+<1.o+c20vN2>••2•vo2 
Vt.;N lJ SO=< SFL CW< J) •• 2• VOUMMY 1+DUMMY14 • 2• VS FLOW) I <10 0. 0 ...,. 2 > 
VLS0021=VUNUSO 
RL02=<<c.s•co2+0.s•co>•SFLOH(J)/100.0>+UNUS002(J) 
OUMMY2=<1.0+028YN2>•<C02+02)+(0.5+02BYN2>•co-100.0•02Bvl\2 
vouMMY2=<1.0+020vN2>••2•cvco2+vo2>+<0.5+o2sv~2>••2•vco 
V~LC2=<SFLOH<J>••2•vouM~Y2+0U~MY2••2•vSFLOH)/(100.o••2> 
V ~ L C 21 = V RL O 2 
RLC 21=RL02 
IF <FLW02(J) .Ee.a. 0) GO TO 32 
PRLC2<J>=RLC2•100. O/FLWC2<J> 
VPR l 02= < 10 0. 0/ FLWO 2 < J > > • •2 • < VRL02 + < RL 0 21 Fl WO 2 ( J) > ••2 •v Fl k 0 2) 
SPRL02=SQRT<VPRL02> 
CPRL02=ABC 4 SPRLC2 
PFRLC2=<CPRL02•100.0l/AES<PRLC2(J)) 
GO TO 3 ~ 
Ul\USOC2<J>=O.O 
PRL02<J>=O.O 
CCN T INUE 
TH02=<C02/2.0+COl2.C>•SFLOH(J)/100.0 
VT H C 2= <O • 0 0 5 ,,.... 2 > • ( < C 0 c+ C 0 > •• 2 • V SF LO l-1+ S FL OW ( J > •• 2 • < V C 02 + \iC 0 > > 
THAIR=<TH02/AIR02l 4 100.0 
VTHAIR=<100.0/AIR02>••2•VTH02 
XSAIP=CSA02/AIR02)•100.0-TH02 
vxsAIR=<SFLCW<J>••2•<1.005••2•cvco2+vco>+vo2>+<100.o-1.oos•<cc2+cc 

1)~02>••2•VSFLO~>l<AIR~2••2> 
VXSAIR1=VXSAIR 
XSAIR1=XSAIR 
PXSAIR<J>=<XSAIR/THAI~>•100.o 
IF <FXSAIR<J> .GE.XSTE5T> PXSAIR<J>=><STEST 
CEV<J>=<C02+C0> 4 SFLC~<J> 4 B1 
VCEV<,>=<Bt••2>•<SFLOk<J>••2•<VC02+VCO)+(C02+CC>••2•VSFLOH> 
~CE \/=SORT C VCEV <J> > 
CCEV=ABC•SCEV 
PCEV=<CCEV•100.0)/CEV<J> 
VFL k021=VFL W02 
IF <FLW02<J>.LT.TFLlil02> GO TO 34 
GO T 0 3 ! 
VFL W021=0. 0 
vus 0021= o. 0 
VARFUU=O. 0 
VXSAIR1=0. 0 
AlRFLw1=0. 0 
UNU S 00 2 < J) = £1 • 0 
XSAIR1=0.0 
VPRU12=0.0 
CFRL02=o.o 
PPRL02=0.0 
VRLC21=<0.005••2>•<SFLOk(J)••2•cvco2+vco>+<CC2+CC>••2•v5FLCW) 
RL021=0.005 4 CCC2+C0) 4 SFLOHCJ) 
CCNTI tLE 
IF <J.E0.1> GO TO 36 

INTEGRATION OF VARIABLES WITH TIME <TRAPEZOIDAL RULE>. 
c H 4 A MT = c H4 A M T + ( ( FL w c H 41 +FL we H 4 2 ) I 2. 0 ) • Tc YC L E I E c • c 

2. 58(! 
2. 581 
2. 582 
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2. 584 
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2. 587 2. see 
2. 589 
2. 590 
2. 591 
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2. 59E 
2. 597 z. 59 e 
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2. 6Ce 
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2. c1C 
2. 611 
2. 612 
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2. E15 
2. E1E 
2 • E17 2. c1e 
2. E19 
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2. 621 
2. 622 
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2. 624 
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2. 627 
2 • E 2 e 
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c 
c 
c 
3E 

37 
c 
( 

QCH4A~l=OCH4AMT+VFLCH41 
02U~USD=02UNUSD+<<U~USOC2<J>+LNUSD02<J-1))/2.0>•TCYCLE/EO. 
OUN t.;SC=QUN USO+ VUSO 0 21 
TOTAIR=lOTAIR+<<AIRFL~1+AIRFL~2)12.0>•TCYCLE/EO.O 
OTO TAI R= QT OTAIR+VA RFLW1 
TOTRLC2=TOTRL02+<<RL021+RL022}/2.0)•TCYCLE/60~0 
QTR LCl2=0TRL 02+ VRLO 21 
TCTFLW=TOTFLW+<<FLWC2(J)+FLW02<J-1)}/2.0>•TCYCLE/60.0 
TOTXS=TOTXS+CCXSAIR1+XSAIR2>12.0>•TCYCLE/60.0 
QTO T XS =OTO TXS+ VXSA IR1 
CE V 0 = C EV D+ ( < C E V < J > + C EV < ..i -1 )) I 2 • 0 > • T CY C LE / 6 0 • 0 
QCEVD=QCEVD+VCEV<J> 
VCE VO= CQCEVO/OIVID E> •OELMULT 
FLWCH42=FLWCH41 
AIRFLW2=AIRFLW1 
RLO 2 2=RL 021 
XSA IP2=XSAIR1 
VFL C t-4 2=VFL CH41 
VLS 002 2= VUS 0021 
VFL ~C22=VFL W021 
VAR FLW2=VARFLW1 
VR LC 2 2= VRL 0 21 
VxSAIR2=VXSAIR1 

FOLLOWING VALUES ARE 1NITIALI2ED FC~ FIRST PASS THRU 00 LOCP. 
GO T 0 37 
CONT INUf 
CH4 /lMT=O • 0 
02UNUSO=O. 0 
TOTAIR=o.o 
T~TRL02=0. Cl 
T 0 T F l W= Cl • 0 
TOTXS=o.o 
CEVC=O.o 
VCEVO=O.O 
VCH4tlf'IT=O. 0 
VUNUSO=u.o 
VTOTAIR=O. 0 
VTRL02=0.0 
VTOTFLW=O. 0 
VT 0 TX S= 0 • 0 
FLWCH42=FLWCH41 
A!RFLW2=AIRFLW1 
RLC22=RL021 
XSll I P2=X SA I R1 
VFL CH42=VFLCH41 
VUS 0022= VU S C021 
VARFLw2=VARFLW1 
V q L C 2 2 = V RL 0 21 
VFL ~022=VFL W021 
VXSAIP2=VXStlI~1 
CONTI NU[ 

SCE vn=SQRT ( VCEVD> 
CCE VO=ABC•SCEVO 
PCEVD=fCCEVD•100.o>ICEVO 

2. 638 
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2. 6S2 z. t~:3 
2. €54 
2 • ESS 
2 • ESE 
2. 6~7 
2. 658 
2. esc: 
2. EEO 
2. t:E:1 
2. 662 
2 • EE3 
2 • EE4 
2 • EE S 
2. ttt 
2. EE7 
2. €:Ee 
2 • EE9 
2. 67C 
2. 6 71 
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c 
( 

BAT~CC=HMCLE-CEVD 2. 
V3ATHCC=VHMCLB+VCE VO 2. 
ECC (J)::( BATHCC/TOTWT>•100. 0 2. 
VBCCJ=<100.0/TCTHT)••2•cvBATHCC+CBJITHCC/TOTHT>••2•VTOTHl) 2. 
SBC CJ=SQRT < VBCCJ > 2 • 
CBCCJ=JIBC ... SeCCJ 2. 
BOUNDS<J>=CBCCJ 2. 
PBCCJ=<CBCCJ•100.0)/BCCCJ) 2. 
I F ( J • GT • 2 ) s 0 R ( J- 1 ) = e c • 0 • ( e c c ( J ) - e cc ( J- 2 , ) I ( 2 • 0 • Tc y c L E • F l ~ 0 2 ( ..; -1 ) 2 • 

1) 2. 
IF CFLW02(J-1> .Eo. o.o> SDR<J-1)=0.0 2. 
IF Cit\HIBIT.LE.2> WRITE CKWz.133) TMECJ>1.SFLOkCJ>,CSFLO~,FRL02(J),C 2. 

1PRLC2,CEV<J>,CCEV,CEVC,CCEVu,ECCCJ> ,CBCc,;J,PBCCJ 2. 
CONTINUE 2. 
SOR < 1 > = 0 • O 2 • 
SORCN3>=SORCN3-1) 2. 
CALL SECOND <THIES> 2. 

TI~E7=TIMEB-TIMEA 
NSUM=~30+N32-N7-NN11-1 
DEL~UL1=DEL TA2•FLOATCNSUH>••2/FLOATCNSUM+1) 
DEL~LL2=0ELTA2•FLOATC~SLM>••2 
VCH4A~T=CQCH4AMT/DIVIDE>•DELMULT 
SCH4AMT=SQRTCVCH4AMT) 
CCH4AMT=ABC•SCH4AMT 
PCH4AMT=<CCH4AMT•100.0>ICH4AMT 
VTOTFLW=VFL wo2•DEL MUL2 
STOTFL~=SQRTCVTOTFLW> 
CTOTFLW=ABC•STOTFLW 
PT 0 T FL W= CC T 0 T FL W •1 0 0 • 0) IT 0 T FL~ 
VTRLC2=<0TRL02/0IVIDE>•OELMULT 
STRLC2=SORTCVTRL02) 
CTR l 02=A BC• STRL02 
PTRLC2=<CTRL02•100.0)/TCTRL02 
VUNUSD=QUNUSO•DELMUL1 
SLNLSC=SQRTCVUNUSO> 
CUN U S C =A BC• SUN U SD 
PLN~SC=<CUNLS0•100.0>IAES<02U~USO> 
VTOTAIR=OTOTAIR•OEL~UL1 
STOTAIR=SQ~TCVTOTAIR> 
CTOTAI~=ABC•STOTAIR 
PTOTAIR=<CTCTAIR~100.0>ITOTAIR 
VTOTXS=QTOTXS•OELMUL1 
STOTXS=SORT<VTOTXS) 
CTO TXS=A BC• STOTXS 
PTCTXS:CCTOTXS•100.0)/TCTXS 
SCE VD=SORT C VCEVO> 
CCE VD=ABC•SCEVC 
PCEVO=CCCEVC•100.0l/CEVD 
IF <I ~I-I BI T • LE • 2 > WR I 1 E <KW, 13 4 > HE ti TN 0 < 1 > , HE ti TN C < 2 > , GR l! C E 1 < 1 > , c; R ti 

1DE1 <2> 
IF CINHIBIT.U:.2> WRilE CKW 1~8) TCTFLW CTOTFLW,FTOTFLW lC1RLC£,CT 

1RLC21PlPL0210?UNUSDiCLNLSDz~UNUSOtTCTAI~,cTOTl!IR,PTOTAI~,TCTXS,CTC 
2TXS,FTOTXS1LEVO,CCEvD,PCEVu,c~4AM ,CCH4AMT,PCH4AMT 

CALL SECnNu <TIMEA> 
IF n!OPL OTS .LE• 0) GC 10 39 
GC TO 4;<1 
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c 
( 
c 
( 

45 
4t 

47 

c 
( 
( 

CONTINUE 
CALL !\PLOTS u,N3, 200,o,1,soR1BCC,I~t0,0.0,1> 
CALL NPLOTS <1,N3,200,0,1,SFLcW,TME,19,0,0.0,1> 
CALL NPLOTS <1,N3,2(0,0,1,PRLC21TME,I9f0'0.0,1) 
CALL NPLOTS <1,N3,200,0,1,UNUSOU2,TME 1 9,0,0.0,1> 
CALL NPLOTS <1,N3,200,0,1,cEv,TME,I~,u,o.o,1> 
N88 =~!3-N30 
DO 4 0 J=1, N 88 
OUMIE2<J>=<TME<N30+J-1>-TMECN30))•Ec.o 
OUM IF1 <J>=CfV <N30+ J-1) 
CONT INuE 
CALL NPLOTS C1,N88,20t,o,1,ouM1E1,oLMIE2,I9,0,0.0,1) 
~§w~~<j);~~~<J>-BOUNOSCJ) 
IF <LCWflHJ>.LT.O.O> LOhERCJ>=o.o 
UPPEP<J>=BCCCJ)+BOUNOS(J) 
OUMIE3<Jl=VCEV<J> 
CONTINUE 
CALL XOJM CUPPER,BCC,LO"ER,3,~3,I9,~X(I1>,TME> 
00 4? ... =1,N~ 
VCEV<J>=OUMIE3<J> 
CONTINUE 
PLCTS=FLOTS+7 

. CONTINUE 
CALL SECOND <TIMEB> 
TIME8=TIMEB-TJMEA 
TDLY=TME<N7+NN11+1) 

00 110 CONTAINS CALCULATIONS FOR DATA COLLECTED AFTER DATU~ 
FCI~TtFLUS ALL FITTlNG ANO PREDICTIONS. 

~~ 1i~L~:~J 3 Go TO 110 
IF <I-1) 45,44,45 
N5= N 3 0 
N4=N24 
GO TO 5j 
IF <I-2> 47,46,47 
CONT INUF 
N5=N3c 
N4=N3 
GO TO Si 
NLt= N 3-N? 
N5= N32-N7 
HMCLB=DATMPT•TOTWT/10C.O 
V HM CL 8= < ( 1. 0110 0 • 0) • •2 > • < <TOT i-iT•• 2> "VO ATMPT + <CAT ~PT• •2) •\I l CT HT) 
KJI 1=3 
IF <INHIBIT.LE.3> HRilE CKH,136) HEtlTNO<t>,HEATNCC2>,GRACE1<1>,GRA 

10E1CC?) 
CALL SECOND <TIME!> 
OCE VG=O. 0 

00 50 CALCULATES DATA AFTER DATUM PCINT. 
DO 5 0 J= 1 N 4 
DIVIOE=FLbAT<J> 
MUL lPL 'T=FLOAT<J-1) ••2 
DEL t"LL T=nEL TA2•~UL TFL 'Y 

2. 7~1t 
2. 755 
2. 75€: 
2. 757 z. 7!:8 
2. 7S9 
2. 7EC 
2. 7E1 
2. 7t:2 
2 • 7E3 
2. 7E4 
2 • 7E5 
2 • 7EE 
2. 767 
2. 7Ee 
2. 7E9 
2. 770 
2. 771 
2. 772 
2. 773 
2. 774 
2. 775 
2 • 77E 
2. 777 
2. 11e z. 779 
2. 1 e o 
2. 781 
2. 782 z. 7S3 
2. 784 
2. 1es 
2 • 7eE z. 787 
2. 788 
2. 789 
2. 790 
2. 791 
2. 7C::2 
2. 7<;3 
2. 7c;4 
2. 7C:S 
2. 'i9t: 
2. 797 
2. 7'H 
2. 7gc; z. 800 
2. 801 
2. 8 02 
2. 8C3 
2. 804 
2. 805 
2. 80€: 
2. 807 
2. eoe z. eoc; z. 810 
2. 811 

\Jl 
A 



48 

49 

50 

51 

52 

NG= t-.:7+J 
Jl I I\ FS=J /l INES 
J L I NE S = J LI N E S"' L I NE S 
IF CJ.EO.JLINES.AND.INHIBIT.LE.3> WRITE CKW, 135> 
FLW C2 CJ) =FL W02 <No> 
CEV CJ>=CEV Cl'\6) 
V CE V CJ)= VC E V < N 6 > 
SCEV=SQRTCVCEV(J)) 
CCE V=ABC"'S CE V 
PCEV=<CCEV•!00.0)/CEV<J> 
TME <J>=TMECN6) 
IF < J • EQ .1> GO TO 4 8 
CEVC=CEVD+<CCEV<J>+CEV<J-1>>1,.0>•TCYCLE/60.0 
QCEVD=OCEVD+VCEV<J> 
VCEVD=<OCEVD/DIVIOE>"'OELMULT 
GO TO 49 
CEVC=O.O 
VCEVD=C.O 
CONT I HE 
SCEVC=SORTCVCEVD> 
CCE VD=Aec•SCEVO 
PCEVO=<CCEVD•100.o>ICEVD 
I F < u • E C • 1 > PC E VD= 0 • 0 
BAT~CC=HMCLB-CEVD 
VBAlhCC=VHMCLB+VCEVO 
SBATHCC=SQRTCVBATHCC> 
ceAT~CC=ABC"'SBATHCC 
PBATHCC=<CBATHCC•100.0)/BATHCC 
BCC<J>=<BATHCC/TOTWT>•100.0 
BCC CN6>=BCC <J> 
VBCCJ=C100.0/TOTWT>••2•<VBATHCC+C8ATHCC/TOTWT>••2•VTOTWl) 
Dl.M If3 CJ>=1. O/VBCC J 
SEC CJ=SO RT< VBCCJ > 
CBC CJ=ABC•S BCCJ 
IF C J • G 1 • 2 ) S 0 R CJ- 1) = E 0 • 0 • <BC C < J ) -8 CC ( J- 2 > ) I < 2 • 0 •TC Y Cl E • F L li<i 0 2 < J-1 ) 

1) 
LOWEPCJ>=BCC<J>-CBCCJ 
IF CLO~ER<J>.LT.0.0) LOWER<J>=o.o 
UFPEP<J>=BCCCJ)+CBCCJ 
LOWE P (NE>= LOWER ( J) 
UPPEPC~o>=UFPERCJ) 
SCR 0:6 >=SOR <J> 
P8CCJ=CCBCCJ•100.o) /BCC CJ> 
IF cn.HIBIT.LE.3) WRITE CKW,137) TMECJ>,CEVCJ),CCEV,PCE\l,CEVD,CCEV 

1 0 1 P C EV G .l BC C CJ> , CBC CJ , F 8 CC J 
CUNT INUt. 
CALL SECONIJ <TIMEH> 
TIME14=TIME~-TIMEI 
CONTINUE 
CALL SECONrJ <TIMED> 

~ ~ E ~ j > ~ C f~ ~ j J > - T ME < t\ 7 + 1 > > • 6 0 • 0 
CONTINUE" 
IF <NCPLOTS.LE.O> CALL XOIM Ct.;PPER,P.CC,LOWER,~,N4,I9,XXU1>,T~E) 
DO 53 J=1,N4 
TME CJ>=Tt-AECJ)/60.0+TMECN7+1> 
CON TINUF 
CALL SEC ONfJ <T !MEE) 

2. 812 
2. 813 
2. 814 
2. 815 
2. 81E: 
2. 817 
2. 818 
2. 819 
2. 820 
2. 821 
2. 822 
2. 823 
2. 824 
2. 825 
2. e2E 
2. 827 
2. 828 
2. 829 
2. 83 0 z. 831 
2. 8~2 
2. 833 
2. 831.t 
2. 835 
2. 83E: 
2. 837 
2. 83€ 
2. 83C:: 
2. 84C 
2. 841 
2. 81.t2 
2. 81.t3 
2. 844 z. ei.s 
2 • el.tE 
2. 847 z. 84€ 
2. 849 
2. 85 (J 
2. 851 
2. e ~2 
2. 853 
2. 854 
2. 855 
2. 8~E: 
2. 857 
2. 85 8 
2. 859 
2. 8E:O 
2. 8E 1 z. 8E2 
2 • 8E 3 z. IH4 
2 • BES 
2 • 8EE 
2. 867 z. 8E:S 
2. 869 

\J1 
\J1 



54 

55 

56 

c 
( 
c 
c c 
( 

57 

58 

60 

E1 

62 

T IME11=TIME11+TIMEE-TIMED _....-
IF (t-.CPLOTS.LE.O> PLOTS=PLOTS+2 _.....-

~iM €~Ftc!t ~ [-1) •re YC LE 
CONTINUE 
TIME =TIME-FLOAT (NS T II RT> 
ISTART=TIHE 
IF <I. E Q. 3 > IS TA RT = F LC AT < N 7 + N f\ 11> •TC Y C LE 
JOO= O 
TOTT~E=FLOAT<N5>•TCYCLE 
IF «I.E0.3> .AND.<TCTTME.GT. <f"AXLAG+10.0)}) GC TC 55 
GC TO So 
NSTART=IFIX<~AXLAG+FRESTRT) 
ISTART=IFIX<TME<NS>•oo.o-FLOAT<NSTART)) 
JOO= 1 
CCN T JNUE:: 
M1=1 
M2= f\4 
M3= 1 
KJI2=KJI1/N1CYCLE 
CALL SECOND <TIMEF> 

FITTING STARTS HERE Al 00 108. A MAXIMUM OF 10 MCOELS CAf\ EE 
ATTEMPTED. THE PROGR~M IS PRESENTLY ONLY OOI"G CNE MODEL -- IT 
CAN BE READILY ENLARGED TO HAf\DLE Af\Y NO. UP TC 10 Af\O C~OCSE 
Tl1E BEST ONE• 

~-~M ~~~ L~A~ {~~I J ~~c YC LE 
IF <I • E Q • 3 > TI ME =F L CA l < J- 0 + N 7 ) •TC Y CLE 
IF <NOFITS.EQ.1) GO TC 109 
JST ART=TIME 
IF (JSTART. Gt:. I START> GC TO 57 
GO TO 108 
CCN T INUE 
JJ4=J1KJI2 
J "4 = J J t. • KJ I 2 
IF (J.EQ.JJ4) GO TO se 
GO TO 107 
CONTINUE 
~N5=J-IFIX<FLOAT<ISTA~T+1)/TCYCLE>+1 
IF <I.E0.3.AND.JOO.EO.O> GO TO 59 
IF <I.NE.3> GO TO ".>O 
NN5=IFIX<<T~E<J>•oo.o-FLOAT<ISTART+1))/TCVCLE>+1 
GO T 0 60 
NN5:J-NtJ11+1 
IF Ct.NS.LE. O> GO TO 1(8 
CONT INt;f 
NN9 =t\N5 
IF Cf\N?. GE. N/2) ST OF 2 
NN6=TFIX <FLOAT <NTIME)/TCYCLE> 
NN7=0 
IF Ct\N6.EQ.G> GO TO 62 
IF (1\1\5,GE.t\Nb) GO TO 61 
GC TO 62 
Nf\5 =to.No 
NN7:1\Ng-tJN6 
CCNTINUE 

2. 87 0 
2. 871 
2. 872 
2. 873 
2. 874 
2. 87 ~ 
2. 87£: 
2. 811 
2. 678 
2. 879 
2. eee 
2. 681 
2. 882 
2. 883 
2. 88Lt 
2. ees 
2. 88E 
2. 887 
2. 888 
2. e8<: 
2. 890 
2. 8<:1 
2. ec;2 
2. 893 
2. 8'34 
2. ec;s 
2. ec:t 
2. 8<;7 
2. 8<:8 
2. ec;c; z. goo 
2. 901 
2. 902 
2. 90~ 
2. 904 
2. 905 
2 • 45CE 
2. 907 
2. c:oe 
2. 909 
2. 910 
2. 911 
2. 912 
2. 913 
2. 91Lt 
2. C:1S 
2 • 91E 
2. 917 
2. C::18 
2. 91 «? 
2. 9H) 
2. 921 
2. 922 
2. 0 2~ 
2. 92~ 
2. 925 
2. 92 t 
2. 927 



63 

-6 4 

65 

6t 

67 

6e 

69 

7C 

71 

7 '2 

73 
74 

NN 1 0 = 0 
IF CCI,E0,3>,ANO,((t\NE,EO.O>.llND. NN10=10 
N~8=f\'N5 
IF (( J + N N 1 0 ) • G T , NS ) G C T 0 1 0 8 
DO E ~ JK =1, NN5 
... 2= JK-1 
J3=J2+IFIX<FLOAT<ISTA~T+1)/TCVCLE)+f\N7+NN10 
TM E C J K > =TM E ( J 3 ) 
sec (JK>=BCC (J3) 
LOkER<JK>=LCWER(J3) 
UPPERCJK>=UPPERCJ3) 
S 0 R < J K > :: SO R < J 3 ) 
CONTINUf 
IF CJ.GT.NS) GO TO 64 
GC TO 65 
IF CJ.GT.<N5+NN10)) GC TO 66 
GC TC 108 
CONTINUE 
Noe,., flX=NN5 + 1 
IF CNOOMAX, LE, 3) GO TC 107 
CALL SEC ONO CT IMEA > 
MPL OT= 0 
IF (l,GT,1) GO TO 67 
CONTINUE 
M=1 
MCOEL=4 
N\/ARX=2 
GO TC 68 
M=2 
"4CDEL=1 
N IJ AR ><=3 
CONT It-.UE 
JJ1 =t-'CCEL 
I F rn W 8 l S, E C • 1> GO TO 71 
CALL LESO <Eau,e,TME,ECC,M,NN5) 
DO t9 KIL=1,NVARX 
BI<l<IU=O.O 
CCN l INUf 
c AL L E Gu AT N rn ' E au ' " N = ' T ME ' J J 1 ) 
SSO=O,O 
00 70 .;KL=1,_NNS 
PES ID=ECU(JKL) -sec (JKU 
SSC=5SQ+PESIO•RESIO 
CONTINUE 
GO l C 74 
CONTINLE 
IF Ct-',C:E. <NN5-1) > GC TO 107 
CALL CR lSQ <T 1'E,BCC,OLMIE3,NN5,M,EOL:,SSQ,BI> 

~ 8u ~~If~ f 6 0 ~ ~f > +BC C < LI > 
CONTTNUE 
DC 73 JL=1,MVARX 
LJ= t-'VARX-JL +1 
!3CJL>=BI <LJ> 
BICLJ>=o.o 
CCNTINUE 
CONT INUf 
A30=TME<N5>-CFLOAT CKJI1>"'1,001>/f:O, 0 

2. 928 
2. c;2~ 
2. 93() 
2. 931 
2. 932 
2. 933 
2. 934 
2. 935 
2. 936 
2. 937 
2. 938 
2. 939 
2. 94 0 
2. ~41 
2. 942 
2. 943 
2. 944 
2. 945 
2. 94f 
2. 947 
2. C:48 
2. 949 
2. c;~o 
2. 951 
2. 9S2 
2. 953 
2. 9~4 
2. 955 
2. 95€ 
2. 957 
2. 9!)8 
2. 959 
2. 9EO 
2. 9€1 
2. 9E2 
2. 9€3 
2. 9€4 
2. 965 
2 • 9EE 
2. 967 
2. c;ee 
2. 9€9 
2. 97 0 
2. 971 
2. 972 
2. 973 
2. 974 
2. 975 
2. 97E 
2. '?, 77 
2. ~1e 
2. 97«.? 
2. 9 8 0 
2. 981 
2. 982 
2. 983 
2. c.;e1.i 
2. c;es 



75 

7c 

77 

1e 

7C: 

80 

M1 

82 

83 

~ALL ~ECONO 1TIM£8) 
TIME13=TIME13+TIMEB•TIMEA 
CALL SECOND CT !MED> 
IF CTME<J+NN10).GT.A30.AND.NOFLOTS.LE.O> GO TC 75 
GO TO 81 
IPLOT=200 
NF=4 
NT= NN5 
NPT=1 
Ft'IT E=O. O 
N00=1 
IPO INT=1 
NRE A0=1 
D076JI=1,7 
YLVERT<JI>=BLANK10 
YRVERT<JI>=BLANK10 
XLHOR<~I>=BLANK10 
XU~CR<JI>=BLANK10 
CON TINUf 
J6=!12 
I25= ... 6+2•IPLOT 
DO 77 JL =1, NT 
LJ=JL-1 
XX(I2S+LJ)=TMECJL> 
XX<I?S+LJ+NT>=BCCCJL> 
XX<12S+LJ+2•NTl=tQW<JL> 
XX<I25+LJ+3•NT>=LOWER<JL) 
X X < I 2 5 + l J+ 4 •NT> =UP PER < J L ) 
CON TINUf 
WRITE CKW,139) 
OC 78 LJ=1, NT 
RESIO=BCC<LJ>-EGU<LJ> 
WRITE <KW,140) TME<LJ>,ECCCLJ),EQU(LJ) ,RESIO 
CCN T INUE 
00 79 LJ=1, NN5 
JL=LJ-1 
XX<I25+JL>=<XX<I?5+Jl)-TDLY>•Eo.o 
CONTINUE 
CALL NPLOT1 CNF1NT.tIPLOT,IPOINT,NREllO,J6,1> 
CALL EQUATN couu1,1JLMIE1,NT,Tt-E,JJ1) 

g~tt ~8¥~1 ~o~~~~i:8b~}~~:~t~!~~N~~i~,xx<I2> ,xx<I25>> 
DO 80 LJ=1, NN5 
Jl = l J-1 
XX<I25+JL>=XX<I25+JL)/60.0+TDLY 
CONTINUE 
CALL NPLOTS <1,NN5,200,o,1,soR,BCC,I9,0,0.0,1) 
PLCTS=PLOTS+3 
CONTINUE 
CALL SECOND <TIMEE> 
TI~E9=TIME9+TIMEE-TIMEO 
GO TO C8?18Ei,R7,88,89,90,82,83,84,150), t'ODEL 
M 0 D L < 1 > =Mu 0 EL 7 < 1 > HCDL<2>=MODEL7<2> 
MODL<3>=MODEL7(3) 
GO TO 91 
MOOL<1>=MODELA(1) 
MOOL<2>=MODEL8<2> 

2. gee 
2. c:e1 
2. c:ee 
2. £89 
2. C:9() 
2. 9C:1 
2. 992 
2. 9C:3 
2. 9C:4 
2. 9C:~ 
2. 99E 
2. 997 
2. c;c:e 
2. gc;c; 
2.1000 
2.1001 
2.1002 
2.1003 
2.1ooti 
2.1oos 
2.1ooe 
2.1007 
2.1ooe 
2.100<: 
2.1010 
2.1011 
2.1012 
2.101~ 
2.101ti 
2.101s 
2.101e 
2.1017 
2.101e 
2.101<: 
2.1020 
2.1021 
2.1022 
2.1023 
2.1024 
2.102s 
2.102e 
2.1027 
2.102e 
2.102c; 
2.1030 
2.Hl31 
2.1032 
2.10~3 
2.103" 
2.1035 
2.103E 
2.1037 
2.1038 
2.103<; 
2.1040 
2.1041 
2.101.i2 
2.10~~ 



MCOL<3J=MOOEL8(3) ~ 2:.1044 
GO TO 91 2.1045 

8 L. MCDL<1>=MOOEL9(1) 2.10LtE 
MOOL(2)=MODEL9(2) 2.10'i7 
MOO L < 3) =MO 0 EL 9 ( 3) 2.1048 
GC TO 91 2.1c4c: 

150 MCOL <1>=MOOEL10<1> 2.1osc 
MCOL <2>=MOOEL10 C2) 2.1c~1 
M 0 0 l < 3) = MO 0 EL 1 0 ( 3) 2.1os2 
GO TO 91 2.1os~ 

85 MOOL<1>=MODEL1(1) 2.1054 
MCDL<2>=MODEL1<2> 2.10~! 
MGOLC3>=MOOEL1C3) 2.1ose 
GO TO 91 2.1057 

BE MCOLC1>=MOOEL2C1> 2.1osa 
MCDL<2>=MODEL2<2> 2.10~<; 
MCOL<3>=MOOEL2<3> 2.1oeo 
GG TO 91 2.1oe1 

87 MCDL<1>=MODEL3(1) 2.1oe2 
MCOLC2>=MOOEL3<2> 2.10t3 
MCOL<3>=MODEL3(3) 2.10E4 
GO TO 91 2.1oes 

88 MOOL<1>=MODEL4(1) 2.10EE 
MCOLC2>=MOOEL4<2> 2.10t7 
~OOLC3)=M0Dfl4(3) 2.1068 
GO TO 91 2.1oeg 

89 MOOLC1)=MOOEL5(1) 2.101c 
MCOLC2>=HODEL5(2) 2.1071 
MCOLC3>=MOOFL5C3> 2.1072 
GO TO 91 2.107~ 

90 MOOL<1>=MOOEL6<1> 2.107Lt 
MCOL<2>=MOOEL6C2> 2.107~ 
MOO L <3> =t"00 EL6 (3) 2.107E 

<!1 CONT It-. LE 2.1077 
GO TO (CJ6 92 93 94t<;5) NVARX 2.1078 

92 WRITE <Kw'1ttl> ~EA f\ocl> HEATN0(2) to-OOEL,TMECJ+Nf\10) GR,,CE1(1) GRA 2.107<; 
1 0 E 1 ( 2 > , t-• 00 L ( 1 > , MOD L < Z ) t M 6 0 L ( 3 ) , C 0 E ~ F N ( 1 > t B < 1 ) , 8 I C 1) , l 0 E F F N < 2 ) , ~ < 2 > 2.1080 
2lBI <2> 2.1oe1 

0 TO 9b 2.1082 
9~ ~RITF <KW 141> HEATf\OU> HEATN0<2> MOOEL,TME<J+Nf\10>tGRACE1<1> GRA 2.1083 

10E1 < 2 > , ~, 06 L < 1> j MOD l C 2 > ~ t' 6 D L < 3 > t C 0 E~ F N < 1) , B ( 1> , 8 I ( 1 > , 0 E FF N ( 2 > , ~ < 2 > 2.1oe4 
2 l 8 I < 2 > l; COE F FN C > , B C ~ ) , I ( 3) 2.1085 

C TC .E- 2.108€ 
94 WRITE CKW 141> HEATt\0(1) HEATN0<2> MODEL,TME<J+NN10>tGRJICE1<1> GRA 2.1087 

1 0 E 1 < 2 > , H 06 l < 1 > ~ M 00 L < 2 > ~ M 6 D L C 3 > ~ C 0 E~ F N < 1 ) ~ B < 1 ) t B I (1 > , 0 E F F N < 2 ) , ~ < 2 > 2.1088 
2 C 8 I < 2 > l C OE F F N < ... > , B < ~ > , I C 3 > t C C F F N ( Lt > , 8 < > , B I Lt > 2.108<; 

0 TO .6 2.1090 
9S WRITE <KW6141> HEATN0(1)6HEAT~OC2>~MOOEL,TME<J+Nf\10>tGRllCE1<1>~GRJI 2.10~1 

1 0E1 ( 2) ~' 0 L { 1) M 00 L ( 2) t' 0 L ( 3 ) c 0 E F N { 1) B ( 1) ' BI ( 1) 0 K FF N ( 2 ) ( 2) 2.1092 
2 ' e I ( 2 ) : c OE F F N d ) ' B ( ~ ) ' ~ I ( 3 ) ' c c ~ F F N ( Lt ) ' 8 ( ~ ) ' 8 I ( Lt ) ' c 0 ~ FF ( 5 ) ' e ( ~ ) ' B I 2.1oc::~ 
3 ( 5) 2.10S4 

9E CCN T !NL;( 2.1oc;5 
TIMEC=TIMEB-TI~EA 2.1oc::e 
WRITF CKW,142) SSQfTH1 EC,NN8 2.10<;7 
CALL SECOND CTIMEA 2.1098 
WRITE (KW, 143) 2.1oc:c: V1 

I.() 

GO TO (97,98 98) I 2.1100 
S7 CALL ITER8 <~,OAfMPT,EY,NVARX,MODEL,TMECJ>,NCITE~,TPREC,O> 2.1101 



98 

9S 
100 

101 
. 102 

1 03 
H4 

1 05 
: 06 

107 
l 08 
c 
( 

1 09 
110 c 
( 

c 
c 
( 
c 

TLEFT1:(TPR£0-TME<J>>•Go.o 
TLEFT2=<TME<N5)-TME(J))•6o.o 

~~i\E 11~~~1~~r 0~!~~~f;tL~~~~~t~~~Y~:gg~7~~~~~it~~~!~~~B~~(t\5) 
GC TO 107 
CONTINUE 
0 EL TAC= E1 CC C N 5 > -8 CC ( t\ 4 > 
02SFCC=OELTAC+SPECC 
CALL ITER8 <Bi02SPCC,EY,NVARX,MODEL,TME<J+NN10>,NOITER,TFRED1,0> 
020 FFC =STAL C+uEL TAC 
CALL ITER8 <Bi020FFC,EY,NVARX 1MODEL,TME<J+NN10>,t\OITER,TFRE02,C) 
TLEFT1=<TPRED1-TME CJ+t\N10) >•6u.O-MAXLAG 
TLEFT2=<TME<N5>-TME(J+NN10>>•eo.o-M~XLAG 
TLEFT3=<TPRE02-TMECJ+NN10) >•~o.o-MAXLAG 
DuOTST=o.s•TCYCLE 
IF <ABS<TLEFT2-PTIME1>.GE.DUDTST> GC TO 100 
TI~LFT1=TLEFT2 
DO gg LI=1,NVARX 
DuD 1 <LI> =B CL I> 
CONTINUE 
CONTINUE 
IF CABS<TLEFT2-PTIME2>.GE.OUOTST> GC TO 102 
TIMLFT2=TLEFT2 
CO 101 LI=1 1 NVARX 
DUO 2 <LI> =BC LI> 
CONTINUE 
CGN T INUE 
CALL ITER8 <B,SPECC,B'l,t\VARX,t-'OOEL,CUMMY,NONE,TME<N5>,1> 
GO TC <103, 104,105), I . 
STO F 3 
HR I TE < K H, 1 4 5 > S PE CC , ~TALC 
GC TO 106 
WRITE <KW,146) SPECC,STALC 
CONTINUE 
WRITE <KW,_147) TLEFT1,TLEFT3,TLEFT2,BCCCN5>,STALC,BY,BCC<NS> 
CALL SECOND CTIMEB> 
TIME16=TIME1o+TIMEB-TIMEA 
CCN T INUE 
CONTINUE 

CALL SECOND CTIMEG> 
TI~E10=TIME10+TIMEG-TIMEF 
CONTINUE 
CONT Ifl.UE 

TI~E12=TIHE6+TIME8+TI~E9+TIME11 
IF <TIME12.LE.0.5) TIME12=0.0 
AVGTIME=TIME12/FLOATC~LCTS> 
IF C FL 0 TS• LE • 3 > PL 0 TS= 0 
HR I T F. <I< Wf 1 4 8 > P TI M E 11 T I H L FT 11 PT I ME 2 , T H1 L FT 2 
IF Ct!CPLO S.E0.1) REAU CKR,14':i) 
PET LPN 

INDEX OF FOPMAT STATH1El\TS. 

2.1102 
2.1103 
2.1104 
2.11os 
2.11ct 
2.1107 
2.11oe 
2.11os 
2.1110 
2.1111 
2.1112 
2.1113 
2.1114 
2.111s 
2.111€ 
2.1117 
2.1118 
2.1119 
2.1120 
2.1121 
2.1122 
2.1123 
2.1124 
2.112s 
2.112t: 
2.1121 
2.1128 
2.112<: 
2.1130 
2.1131 
2.1132 
2.11~~ 
2.1134 
2.113~ 
2.113E 
2.1137 
2.1138 
2.11~9 
2e11'iC 
2.1141 
2.1142 
2.1143 
2 • 1 1 " " 2.111.is 
2.114E 
2.1147 
2.1148 
2.1149 
2 • 1 1 s c 
2.1151 
2.11~2 
2.11S3 
2.1154 
2.11s~ 
2.115E 
2.1157 
2.1158 
2.11ss 



1:11 
112 
!13 
:1:14 
115 

116 
117 

1 :18 

119 

1£0 
:121 
1 c2 

123 

124 
125 
j 2E 

127 

128 

129 
130 

131 

132 

133 

1 ~4 
135 

2.1H:C 
2.1161 
2.11e2 
2.11€3 
2.11t4 
2.11E~ 
2.11EE 
2.11€7 
2.11(:8 
2.116<3 
2.117() 
2.1171 
2.1172 
2.1173 
2.1174 
2.111~ 
2.117E 
2.1177 
2.111e 
2.1179 
2.11eo 
2.11e1 
2.1182 
2.1183 
2.11e'4 
2.11e~ 
2.11ee 
2.1187 
2.11ee 
2.118CJ 
2.11CJO 
2.11c.:1 
2.11c.:2 
2.11CJ3 
2.11C:4 
2.11c.:~ 
2.11c:e 
2.11<.:7 
2.11C:8 
2.11CJCJ 
2.12cc 
2.1201 
2.1202 
2.1203 
2.1204 
2.12os 
2.12oe 
2.1201 
2.12oe 
2.120CJ 
2.1210 
2.1211 
2.1212 
2.1213 
2.1214 
2.121s 
2.121t 
2.1217 



136 

137 

1 ~8 

139 

140 
1 Li 

142 

143 

144 

145 

141: 

147 

148 

1 1.ig 

2.121e 
2.1219 
2.1220 
2.1221 
2.1222 
2.1223 
2.1224 
2.1225 
2.122e 
2.1227 
2.122e 
2.122~ 
2.123(! 
2.1231 
2.1232 
2.1233 
2.1234 
2.1235 
2.123€ 
2.123; 
2.1238 
2.123«:1 
2.1240 
2.1241 
2.1242 
2.1243 
2.1244 
2.124~ 
2.124e 
2.1247 
2.1248 
2.124~ 
2.1250 
2.1251 
2.1252 
2.1.2~3 
2.1254 
2.1255 
2.12se 
2.1257 
2.1258 
2.1259 
2.12eo 
2.1261 
2.12e2 
2.1263 
2.12t4 
2.12es 
2.12ee 
2.12E7 
2.12te 
2.12eg 
2.1270 
2.1c11 
2.1212-
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SUBROUTINE ARANGE <SCC2,sco,scH4,S02,C02CLY,CCOLY,CH40LY,020LY,TCY 3. 
1CLE,f\) 3. 

A~ANGE SHIFTS DATA IN T~E ARRAYS TO COMPENSATE FCR TIME 
DELAYS IN T~E GAS SAMPLING ANC ANALYSIS SYSTEM. 
S~BROUTINE CALLEO BYI 1>CONTRL 
SuB ROUTINES CALLED I NCNE 

DIMEl\SICN SC02<N>,SCO<N>,SCH4<N>,S02<N> 
N1=C02DlY/TCYCLE 
N2= C COL Y /TC YCL E 
N3= C H4CL YI TCYCLE 
t-..1.t=C?OLY/TCYCLE 
DO 1 I=i,N 
SC 0 2 < I> = SC 0 2 <I + N 1) 
sec <I>=SCO ( I+N2) 
SCH 4 <I> =SCH4 < I+N3> 
S02 <I>=S02( I+N4> 
CONTINUE 
RETUPN 
END 

SUBROUTINE XOIM <Sco2,sco,so2,NF,NT,J6,X,TME> 
DH',Ef\SION SC02 <NT>' sec {l\T) ,so2 <NT>, X<NT, NF>' ll"E (l\T> 
00 1 I=1 NT 
x n, 1 :=s~o2 <r> 
X <I , 2 > = S CO < I > 
X <If 3) =S02 <I> 
CON !NU[ 
CALL l\PLOTS CNF,NT,2oc,o,1,x,TME,J6,1,o.o,1> 
RETUPN 
END 

3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 

4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 

1 
2 
3 
4 
5 
E 
7 
8 
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1 0 
11 
12 
13 
1 l+ 
15 
1E 
17 
18 
1 c.: 
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22 
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25-
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SUERCUTINE CLIBRT <SCC2,sco,scH4,S02,FLW02,HTLANS,TCH4,~) 

CALIBRT CONVERTS ALL ARRAYS FROM MV. <EXCEPT TCH4) TO ENGI~EERING 
U~ITS VIA SLBROUTINE TAINT. TCH4 DATA IS CONVERTED FRCf" TIME 
(t'Jf\UlfS> TO DEGREES FANKINE, 

SLBRCUTINE CALLED BYI 1> CONTRL 

St.;Bl<CUTINES CALLED I 1) TAINT 

s. 
s. s. s. s. 
5. s. s. 
s. 
s. 
s. s. 

Dif"ENSION SC02<N>~SCO<N> 1 SCH4<N>,S02CN>~FLW02Cf\) 1 HTLANS<N> ,TC~4<N> 5. 
COM~CN /CONVRT/LANSHTl161,HTINFT<16> 1 FLHMV<1t>1FLWCFTC1t>, 5. 

1 C02PCTU6>lC02f"V<16) ,c.;OPCTCH» ,c:Of"V<16> itCHLtM\/C~E>, 5. 
2

ccM,.,CN /CONNO/N~¥~~~~~~~co~~~~6!~8~i?~~~~t10 >,CH 4PPMCi ) ~= 
REAL LANSHT 5. 

MEASUREO TEMPERATURES ARE CON\/ERTEO TO DEG. RA~KINE. 
DO 1 I=1 7 NTCH4 
TGH4TCI>=TCl-'4TCl)+4EO.O 
CONT H~UE 

CH4 CALIBRATION READINGS ARE CHANGED FROI" PP~. TC PCT, 

g~4~cf~fJ~8~4PPMCI)/10••4 
CONTINUE 
NOR0=3 
DO 3 I=1,N 
~OD =O 
CALL TAINT CC02MV,CC2FCl,SC02<I>,SC02A,NC02,NCRO,NERR,,.,CC> 
SG02 CI>=SC02A 
MOO= O 
CAL L TA I NT C COM V , C 0 PCT , SC 0 CI ) , SC 0 A, NC 0 , N ORD , N ERR , t100 > 
sea (I> =SCO A 
MOD=O 
CALL TAINT CCH4MV,CH4FCl,SCH4U>,SCH+A,NCH'+,NCRO,NERR,MCC> 
SCl-'4 <I>=SCH4A 
MOO=O 
CALL TAINT <FLHMV, FLWCFT,FLW02<I> ,FLW02A,NFLH 7 t\ORD,NERR,,...OD> 
FL H C 2 < H =FL W 02 A 
MCD =O 
CALL TAI NT <LANSHT, HTINFT, HT LANS <I> , HTLA ,NHT, ~CRC ,NERR, t'C D > 
HlLANS<I>=HTLA 
HOO= 0 
CALL TAINT <TCH4MV,TCt-~T,TCH4<I>,TCt-4A,NTCH~,~CRC,NERR,~CD> 
TC t- 4 <I ) = TC H 4 A 
S02 <I>=S02CI>l4.0 
CONT INUf 
RET UPN 
ENO 

s. s. s. 
s. 
s. s. s. s. 
s. s. s. 
5. s. s. 
s. 
5. 
s. 
s. s. 
5. s. 
s. s. 
5. s. 
5. s. s. 
s. s. s. s. 
s. s. 
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31 
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Sl.J8ROUTINE REA01 <MV,l.JNITS,N> 

REA01 READS IN OAT A CMV • ANO CORRESPONDING ENGINEERING 

SUBROUTINE CALLED eva 1) CONTRL 

SliB ROUTINES CALLED I NCNE 

DI~ENSION MVCN>,UNITS<N> 
COMMCN /REAO/KR/WRITE/Kh 
REAL MV 
READ CKR,3) CMVCI> ,I=1,N) 
READ CKR,3> <UNITS <I> ,I=1,N) 
00 1 I=1 N 
IF C MV CI f , E Q, 0. 0 •AND. I, GT• 1 > GO TO 2 
CONTINUE 
N=I-1 
RETt..:RN 

FOl<MAT < 8F1O•4 > 
ENO 

SUBROUTINE MODEL! <NPROE,BtFY,NOB,NC,X,NVARX,NCBMAX> 
OI~ENSICN BCNVARX) ,FYCNCBHAX>,X<NVARX,NOBMAX> 
DO 1 J=11NO£l 
FYCJ>=B<1>+8C?.>•XC1,J)+8(3)•X(1,J)••2 
CONTif\UE 
RET UPN 
END 

SUARCLTINE MOOEL2 <NPROE,B,FY,NOB,NC,X,NVARXpNCB~AX> 
DIMENSION B CNVARX> ,FYCNCBMAX> ,XCNVARX,NOBMAX> 
REA l N 
N=16.0 
DO 1 J=1 NOB 
FY<J>=B<l>•xc1,J>••ec2>+B<3> 
CCN T INLE 
RET UPN 
END 

lJf\ITS>. 

G. 
&. 
G. 
6. 
G. 
G. 
G. 
6. 
6. 
&. 
6. 
6. 
G. 
6. 
6. 
b. 
6. 
G. 
6. 
b. 
6. 
6. 
6. 

1. 
7. 
7. 
7. 
1. 
7. 
7. 

a. 
6. 
6. 
8. 
8. 
8. 
8. a. a. 

1 
2 
'1 ... 
4 
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E 
7 
8 
c 

16 
11 
12 
13 
1 Lt 
15 
1f 
17 
18 
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cC 
21 
22 
23-
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2 
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1 

1 

1 

1 

SCB~OUTINE MOOEL3 C~PROE,B,FY,NOB,NC,X,NVARX,l\CBt'AX) 
DI~ENSION B CNVARX) ,FY<NCBMAX) ,XCNVARX,NOEMAX) 
DO 1 J=1,NO 8 
CONTINUE 
RETURN 
ENO 

SUB ROUT I NE t' ODE l 4 < N P ~ 0 8 , B , FY , N 0 8 , NC, X 1 N VAR X J I\ 0 8 MAX > 
D!t'Ef\SION B CNVARX> ,FY <NCBMAX) ,X<NVARX,NOEMAX 
DO 1 J=1,N08 
FY<J>=B<1>+B<2>•X<1,J> 
CONTINUE 
RETURN 
END 

SUBRrUTINE MODEL5 (NPROB,B,FY,NOB,NC,X,NVARX,NCB~AX> 
Oil-ENSION B<NVARX) ,FYCNCBMAX> ,X<NVARX,NOBMAX> 
DO 1 J=1,NOE 
FYCJ>=X<1,J)/(-8(1)+8C2>•X<1,J)) 
CONTINLE 
RETLRN 
END 

SUBROUTINE MOOEL6 (NPROE,B,FY,NOB,NC,X,NVARX,NCB~AX> 
Dlt'ENSJON B<NVARX) ,FY<NCBMAX) ,XCNVARX,NOBMAX> 
DO 1 J=1,N08 
FY CJ> =B ( 1> • 8 < 2) 4 •x C 1 , ... ) 
CONT INUL 
?ETUPN 
ENO 

9. 
9. 
9. 
9. 
9. 
9. 

10. 
10. 
10. 
10 .• 
10. 
10. 
10. 

11. 
11. 
11. 
11. 
11. 
11. 
11. 

12. 
12. 
12. 
12. 
12. 
12. 
12. 
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3 
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1 
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SUBROUTINE MOOEL7 <NPROE 1 B 1FY,NOB,NC,X,NVARX 7 NCBrAX> 
Oil"ENSION 8 <NVARX> ,FY<NG!.iMAX) ,X<NVARX,NOBMAXJ 
DO 1 J=1 NOP 
FY<J>=1.b/(8(1)+8(2)•)((1,J)) 
CONTINUE 
RET LPN 
END 

Su8RCUTINE MODEL8 (NP~OB,BrFY,NOB,NC,X,NVARX,NCB~AX> 
DH ENSIGN B <NVARX>, FY CNCBMAX > ,X CNVARX, NOBHAX) 
00 1 J=1,NOE 
FY<J>=B<1>+B<2>•EXP<-E<3>•X<1,J)) 
CONT nuE 
RETURN 
END 

SUBROUTINE MOOEL9 <NPR08 1 B,FY,NOB,NC,X,NVARX,NCBl"AX> 
Olt"ENSION B<NVARX> ,FYCNO!:iMAX) ,X<NVARX,NOBHAX> 
DO 1 J=1 NOE 
FY<J>=B<!>+B<2>•xc1,J>••(-8(3)) 
CON TINLE 
RETURN 
END 

SUB ROUT I ME I" 00EL10 (NF RO 8 ,_ B, FY'· NO 8, NC, X 1 NVARX,N0 8MA X > 
Oil"ENSION B <NVARX) ,FY<NC8MAX) ,xCNVARX,NoBMAX> 
DO 1 J=1,NOB 
F y ( J) =O ( 1) + E ( 2) •Exp ( - ~ ( 3) • x ( 1, J) ) +8 ( 4) •EXP ( - e ( 5) •x ( 1 'J ) , 
CONTINUE 
RE TL RN 
END 

13. 
13. 
13. 
13. 
13. 
13. 
13. 

11+. 
1'+. 
14. 
14. 
1'+. 
14. 
14. 

15. 
15. 
15. 
15. 
15. 
15. 
15. 

16. 
16. 
16. 
16. 
16. 
16. 
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SUBROUTINE ITER8 <B,FY,8Y,NVARX,MODEL,TME,K,TIME,NCHOICE> 

IT£R8 ALLOWS CHOOSING AMONG 10 MODELS IN ORDER TC PERFCR,.. 
ITERATICN ON CORRECT CNE. 

SLgRCUTINE CALLED BY I 1) CONTRL 

SuBRnUTINES CALLEOI 1) ITER81 

DIMENSION B <NVARX> 
EXTERNAL MODEL1,MODEL2,MOOEL3,MODEL4,MCDEL5, 

1 MOCEL6,MODEL7,MODEL8,MODEL~,MOOEL10 

g~Ll 0 rifR~l 3 t~:f?~~~:~~~R~~~~o~e~;~,..E,K,TIME,~CHCICE> 
RETLRN 
CALL ITER81 <B,FY,BY,~VARX,MOOEL2,T~E,K,TIME,~CHCICE> 
RETLRN 
CALL ITfR81 <B,FY,9Y,NVARX,MODEL3,T,..E,K,TIME,NCHOICE> 
RETLRN 
CALL ITER81 CB,FY, BY,J\VARX,MODEL4,T,..E,K,TIME,t-.CHCICE> 
RETLRN 
CALL ITER81 <B,Fv,qv,~VARX,MOOEL5,T~E,K,lIME,NCHCICE> 
RE T LRN 
CALL ITER81 <B,FY,BY,hVARX,HOOEL6,T,..E,K,TIME,~CHCICE> 
RETLPN 
CALL ITFR81 <8,FY,BY,NVARX,MOCEL7,T~E,K,TIHE,NCHCICE> 
RETURtJ 
CALL ITER81 <B,FY,BY,NVARX,MOOEL8,T~E,K,TIME,NCHCICE> 
RETUPN 
CALL ITER81 <B,FY,BY,NVARX,MOCEL9,T,..E,K,TIME,~CHCICE> 
RETUPN 
CALL ITER81 CB,FY,8Y,~VARX,MOCEL10,TME,K,TIME,NC~OICE) 
RETURN 
ENO 

17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 

1 
2 
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4 
r: _, 
E 
7 
e 
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1e 
11 
12 
13 
14 
15 
1E 
17 
18 
1c:; 
20 
~1 
22 
23 
24 
25 
2E 
27 
2e 
2C.: 
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31 
32 
33 
34 
35 
3E-
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SUBROUTINE ITER81 <B,FY,BY,NVARX,MOCEL,TME,K,TIME,NCHOICE> 

ITER81 PERFORMS ITERATION ON ~OOEL. CALCULATES 
TIME CF A GIVEN CARBOt- LEVEL. 

SLBROUTINE CALLED BYI 1> ITERe 
SLBROLTINES CALLEO& 1) MODEL 

OI~E~SION B<NVA~X> 
IF (f\CHOICE.E0.1> GC TO 1 
GO TO 2 
CALL MODEL <NPROB,8,BY,1,1,TI~E,1> 
RETUPN 
CONT INLE 
N1=1'110 
N2= E 
Ai= FY 
A2=1.0/10. o••N2 
T=1.0/5.0 
TI~E=TME 
K=O 
CCLt\T=c.o 
Ti= 1. 0 
DO 4 I=1,N1 
K=K +1 
CALL MODEL <NPROB,8,FY,i,1,Tit-£,1> 
TEST=FY/At-1.0 
IF <ABS<TEST>.LT.A2) GO TO 5 
IF <FY.LT. A1> GO TO 3 
IF <T1.LT.o.o> T=T/2.0 
Ti= T 
COU~T=O.O 
GO TO 4 
COUt\T=COUNT+i. 0 
Ti=-T 
TIME=TIME+ Ti 
GO TO 6 
K=K-1 
CGN T INUE 
BY=FY 
FY= 111 
RETUPN 
ENO 

18. 1 
18. 2 
16. 3 
18. 4 
18. 5 
16. E 
18. 7 
18. 8 
18. 0 
16. 1 c 
18. 11 
18. 12 
18. 1~ 
16. 14 
18. 1 ~ 
18. 1E 
18. 17 
18. 18 
18. 1 c; 
18. 2 c 
16. 21 
18. 22 
18. 23 
18. 24 
18. 2~ 
18 • 2E 
16. 2i 
18. 2 8 
18. 2 c; 
18. 3 0 
16. 31 
i6. 32 
18. 3 3 
18. 34 
18. 3 ~ 
18 • 3E 
18. 37 
18. 38 
18. 3 C3 
18. 4 0 
16. 41 
18. 42 
18. 43 
18. 44 
18. 45 
18 • 4E-
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SLBROUTINE EQUATN C8,EQU,NN5,TIM,JJ1) 

EQUATN CHOOSES CORRECT MODEL FOR CALCULATION 
OF FITTED DATA l=O!NTS. 

Sl..i8ROUTHJE CALLED BYI 1) CONTRL 

SUBROUTINES CALLEDI MODELS 1-10 

DI ME t\ SI 0 N 8 ( 1> , E QU C 1 > , TIM ( 1) 
Ge TC <1,2,~,4z.5,6,7,er.g,10>' JJ1 
CALL MODEL1 CNPROB,E,EuL,NN5,0,TlM,1,1) 
RETURN 
CALL MODEL2 CNPROB,B,EQU,NN5,0,TIM,1,1) 
RETURN 
CALL MODEL3 <NFROB,E,EQL,NN5,0,TIM,1,1> 
RET LPN 
CALL ~COEL4 CNFROB,E,EQU,NN5,0,TIM,1,1) 
RET lJRN 
CALL MODELS CNPROB,8,EQL,NN5,0,TIM,1,1) 
RET LRN 
CALL MOOEL6 CNPROB,8,EQU,NN5,u,TIM,1,1} 
RETLPt\ 
CALL MODEL? CNPROB,E,EQL,NN5,0,TIM,1,1) 
RETLRN 
CALL MCOEL8 CNl=ROB,8,EQU,NN5,G,TIM,1,1> 
RETURN 
CALL ~CDEL9 CNFROB,B,EOL,NN5,0,TIM,1,1> 
RETURN 
CALL MODfL10 CNP~OB,8,ECU,NNS,O,TIM,1,1> 
RETURN 
ENO 

19. 1 
19. 2 
19. 3 
19. 4 
19. ES 
19. 
19. 7 
19. 8 
19. g 
19. 1() 
19. 11 
19. 12 
19. 13 
19. 14 
19. 15 
19 • 1E 
19. 17 
19. 18 
19. 1 g 
19. 20 
19. 21 
19. 22 
19. 23 
19. 24 
19. 25 
19. 26 
19. 27 
19. 2 e 
19. 2S 
19. ~ {) 
19. 31 
19. 32 
19. 33 
19. 34-
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SLEROUTINE TAINT CXTAE,FXTABfXBAR,FXBAR,NOPTS,NORD,NERR,~0~) 20. 
AKI~T - TABLE LOOK-LP A"O IN ERPOLATION ~UBRCUTI~E. .C:O. 
MCN IS O IF TABLE IS 10 BE CHECKED FOR MONOTONICITY, +1 IF 20. 
~~~~~i~T1T~~L~A§[EI~~Ri~ 5~~gER-~ I~ ~A~~~A~~~GTOC FEW E~TRIES FCR 

20
• 

THE CRDER OF INTERPCL~TION DESfRED1 OR IF NO~C .GT. 9, 3 IF T~ERE ~~: 
ARE TWO EQUAL ENTRIES 1 4 IF T~E ARuLMENT TABLE IS NOT MCNOTO,..IC. 20. 
g~~~~s~B~a~~A81 1k~~~I~~(l~6x~ag~~F~: 1~~TERPOLATION ~3: 
FXBAR=O. 20. 
NERR=2 20. 
IF <NORO.GT.9> RETURN 20. 
IF CNOPTS.L T.NORD+1> RETURN 20. 
AMON=MON 20. 
IF CIABS<MON>.E0.1) GC TO 5 20. 
C~ECK FOR MONOTONIC A~GLMENT TABLE 20. 
NERR=3 20. 
IF CXTAB<2> .EO.XTAB<U> RETURN 20. 
AMON=<XTAB<2>-XTA8(1) )/ABS CXTAB<2>-XTABC1>) 20. 

~~ ~<~~A~f~3~!~TAB<JJ-1>>•AMON> 2,3,1 ~8: 
CGNlI~LE ~O. 
GO TC 4 20. 
NOT MCNOTONIC 20. 
NERR=4 20. 
EQUAL ENTRIES 20. 
RETURN 20. 
MCN=AMON•t.1 20. 
NUM WILL BE ADDRESS OF NEAREST ENTR~ 20. 
NUM IS 1 FOR EXTRAPOLATION BELOW THE TABLE 20. 
NUM=1 20. 
NERR=1 20. 
IF < < CM 0 N • E Q • 1> • AN 0 • OC BAR• LT • X TA 8 C 1 > ) ) • 0 R • < < MC N • E Q • < -1 > > • Ar-. D • C XE AR 2 0 • 

1.GT.XTABU>»> GO TC 12 20. 
NUM=NOPTS 20. 
I F C < CM 0 N • E Q • U • AN 0 • 0 8 AR• GT • X TA B C N 0 PT S > ) > • 0 R • < < t' ON • E Q • < - 1 > > • A "C • C 2 0 • 

1X8AR.LT.XTA8CNOPTS)))) GO TO 12 20. 
NOW FINO NUM FOR AN INTERIOR FOINT ev BINARY SEARCH 20. 
1IN=1 20. 
MAX=NCPTS 20. 
IF O'-!OPT s. E 0•NORD+1) GO TO 14 20 • 
IF «MA>-MIN>.LT.S> GC TO 9 20. 
NUM=<MAX+MIN)/2 20. 
I F C AM 0 N • C X T A 8 ( N UH ) - Xe A R )) 7 , 1 6 , B 2 0 • 
MIN=NUM 20. 
GG lC 6 20. 
MAX=NUM 20. 
GO TO 6 20. 
DETAILED SEAQCH FOR NEAREST Er-.TRY ON LOW SIDE OF XBAR A~CNG FIVE 20. 
NUM=~AX ZO. 
IF <AMCM•(XTAB<NUM>-XBAR)) 12,18,11 20. 
NUM=NLM-1 20. 
GO TC 10 20. 
FOCNO IT ZO. 
IF <NCRO.EQ.O) GO TC 17 20. 
MIN=NUM-NO~D/2 20. 
MAX=~IN+NO~O 20. 

1 
2 
3 
4 
5 
t 
7 
8 
g 

1 () 
11 
12 
13 
14 
1!: 
1E 
17 
18 
1 g 
2C 
21 
22 
23 
2Lt 
25 
2t 
27 
28 
2C: 
30 
31 
~2 ,, 
"'"' 34 
'lC:: ... ,, 
3f: 
37 
38 
39 
4C 
"1 42 
43 
44 
45 
"t 47 
48 
4<2 
5C 
51 
!:2 
!:3 
54 
c::c:: J ,, 

SE 
!: 7 



13 

c 
1~ 

c 

1c 

c 
17 
H 

fIX NUM TO l<EEP WIT.-.It11 ENDS OF TA8LE 20. 
IF <~IN. GE • 1 ) G 0 T 0 1 3 2 0 • 
MAX=~AX-MIN+1 20. 
HIN=1 ,O. 
GO TO 14 20. 
IF <MAX.LE.NOPTS> GC TO 14 20. 
MIN=~IN+NOPTS-~AX 20. 
MAX=NCFlS 20. 
SE T UP THE X AND F X ARR A Y S 2 0 • 
KKK=1 20. 
DO 15 NUM=HIN,HAX 20. 
X<KKK)=XTABCNUM> 20. 
FXCKKK>=FXTABCNUH> 20. 
Kl<K=KKK+1 20. 
CON l INUE 20. 
K KI<= K K K-1 20 • 
All •Et\ INTERPOLATIO~ 20. 
DO 16 II=2 KKK 20. 
00 16 JJ=If ,KKK 20. 
FXCJJ>=<FX<II-1>•<XCJJ>-XBAR>-FX<JJ>•<XCII-1>-XBAR))/(X(JJ)•X<II-120. 

1)) 20. 
CONTINUE 20. 
FXB tlR=FX <KKK) 20 • 
RETURN 20. 
FICI< CUT CLOSEST ENTRY kHEN USED AS LOOK UP ROUTINE 20. 
IF <ABS<XTA8<NUM+1)·X8AR>.LE.ABSCXTllB<NU,..)-X8l!R) > NUM=NUf"+1 20. 
FXB AR=FXTA B CNUM > 20 • 
RETURN 20. 
ENC 20. 

58 
c:o 
~ "" EC 
(: 1 
62 
E3 
e" es 
ft: 
E7 
ee 
69 
7 (! 
71 
72 
73 
7'4 
75 
7E 
77 
'i e 
79 eo 
81 
82 
83 
84 
es 
ee-

......i 
N 



RE SUL TS -- FROM OATliM PCINT 
---------------------------

TI f'E CEV ERROR ERR CR CEVO ERROR ERRCR EATI" c ERROR ERRCR 
MINUTES L 8/Ml N <ABS> CREU LB CA e S > <REL> <PCT> ues > <REU 
22. n 15 16. g 110 .1 o.o 0. c 0. 0 .245 .0207 B.4t 
22. ~9 16 16. 8 108.4 .8 .E 77.0 • 245 .0207 8.47 
22. 44 14 17. 0 123.3 1.E 1.5 91. 7 .245 • 0 20 7 8.48 
22 • L9 15 16. 8 108.4 2.4 2.3 97. <? • 241.t .0207 8.49 
22. 55 16 17.1 110 .1 3.2 3.2 100.s .244 .0207 a.so 
22.EO 15 16.6 109.2 4.0 4.1 101.a .244 .0208 8.52 
22.E5 12 16. 6 136.2 4.7 4. <? 10£+.E .244 • 0 20 8 8.53 
22. 70 10 16. 5 158.9 S.3 S.8 109.2 .243 .0208 a.ss 
22.76 11 16. 7 145 .9 5.9 E.7 113. 4 .243 .0208 8.56 
22. 81 10 16.6 16 2. 4 E.S 7.E 116.e .243 .0209 8.58 
22. 86 10 16.7 162. 4 7.0 8.4 120.4 .243 • 020 9 8.EO 
22. g2 11 f 7. 0 16 0. E 7.E g.3 123.4 .243 .0209 B.E2 
22. S7 13 17. 0 127. 7 8.2 10.2 124.e .242 • 0210 a.ES 
23. 02 11 16.9 15 0. 5 8.8 11.1 125.8 • 242 • 0 210 8.67 
23. (7 9 16.9 18 0. 9 9.4 12.0 128.0 .242 • 0211 8.70 
23. 13 9 16. 9 178.7 9.9 12.g 130.E • 21.t2 • 0211 6.72 23. j8 9 16. 9 18 0. 9 10.4 13.e 132.<3 • 21.t2 • 0212 8.75 
23.23 9 16. 9 178. 7 10.9 14.7 135.0 .242 • 0212 8.78 
23. '~ 9 16. 9 178.7 11.4 15.t 137.0 .241 • 0213 B.81 
23.34 8 16.9 201.3 11.8 1e.s 139.0 .241 .0213 8.85 23. ~g 10 16.9 176.S 12.3 17.3 14 0. s .241 • 0 214 8.88 23. Lt4 ·12 to. 9 137.5 12.9 18.2 141.5 .241 • 0 215 8.92 
23.50 10 16.9 166.2 13.5 19.1 141.S .241 • 021 c a.st 
23. !5 9 16.9 18 3. 2 14.0 20.0 143.1 • 241 .0216 8.S9 23.EO 8 16. g 201. 3 14.5 20.s 144.E • 24 c • 021 7 9.03 23.E5 8 16. 9 201. 3 14.9 21. e 146.;t .240 .0218 9.07 
23. 71 9 16.9 178.7 15.4 22.7 147.E • 24 0 • 0219 9.12 23. i6 9 16. g 178.7 15.9 23.t 148.E: .24C .0220 9.16 23.81 9 16.9 178.7 16.4 24.5 149.5 .240 .0221 9.21 23. e7 9 16. 9 17 8. 7 16.9 25.4 150.Lt .24C .0222 9.25 23. <?2 10 16. 9 162.4 17.4 2E.3 151.0 • 24 () • 0 22 3 9.30 23.97 12 16. 9 136.2 18.0 27.1 1so.9 • 2 3S • 022 4 9.35 
24 • C2 11 10.9 150.5 18 • E: 2e.o 15 O. E .23S • 0225 9.41 
24 • C8 11 16. 9 15 0. 5 19.2 28.S 15 0. E • 2 3 s • 0226 9.46 
?4. 1~ 17 16. g 102.2 1g.g 2s.e 149.S .23S .0221 9.52 24 .18 31 16. 9 53.9 21.2 30.7 144.e • 238 .0228 9.56 24. 24 66 17. 0 25.8 23.8 31. E: 133.0 .238 .0230 9.66 

02 on-+ 24. (9 115 17.4 1s.1 2 8 • E: 32.S 113.S .236 .0231 ~.77 2Lt. 34 181 18 .1 1{). 0 36.4 33.5 -9 2 .1 .234 .0232 .93 ?4. 39 251 19 .1 7.6 47.8 34. 5 72.2 .23C .0233 10.15 24. 45 295 18.7 E.3 62.2 35.5 57.1 • 2 2E: • 0 23 5 10.41 24. 50 323 18. 0 5.6 78.5 36.4 46.4 .220 .0236 10.71 24. 55 347 17.8 5.1 96.2 37.4 38.9 .215 .0237 11. 05 24. 6 0 35 "3 17.2 4.9 114.7 38.~ 33.4 .20s • 023 9 11.42 
24. E6 362 16. 9 4.7 133.E 3S.2 29.3 .203 .0240 11.81 24. 71 362 10.7 4.6 152. 7 40.1 26.2 .1S7 .0241 12.24 24. 76 353 16 .1 4.E 171,5 40.S 23.S .1s1 • 024 3 12.68 -..J 

24. 82 344 15. 7 4.6 190.0 41.e 22.0 .185 .0244 13.15 VI 

24. e1 342 15. 8 4.6 208.1 42.E 20.s • 18 0 .0245 13.63 24. c: 2 337 15. 7 4.6 22t.o 43.4 19.2 .174 .0246 14.15 24. S7 325 15. 3 4.7 243.5 44. 2 18.2 .1E9 • 024 8 11.i.69 



Tlt'E CEV ERROR ERROR CEVO ERROR ERRCR . BATh C ERROR ERROR 
MINUlES LB/MIN <ABS> <REL> Le <JIBS> <REL> <PCT> ues > <REL> 

25.C3 3'19 15 .s 4.9 260.S 45.1 17.3 .163 .0249 1s.2s 
25. (8 310 15.5 s.o 277.1 45.<3 16.E .158 • 0251 15.84 
25.13 298 15.4 5.2 293.1 46.7 15.9 .153 • 0252 16.45 
25.19 286 15. 3 ;.3 308.5 47.5 15.4 .148 .0253 17.08 
25. 24 271 15.o 5.5 323.3 48.3 14.9 .141.t • 0255 17.73 
25. 29 262 15. 0 s.1 337.3 49.1 14.E .139 • 0256 18.40 
25. 34 255 15. 2 6.0 351.0 49.9 14.2 .135 .025 8 19.09 
25. 40 247 15.2 6.2 364.2 50.7 13.9 .131 .0259 19.81 
25.'5 234 15.1 6.4 376.9 51.5 13.7 .127 .0261 20.55 
25.~0 217 15.1 -6. 9 388.8 52.3 13. !; .123 • 0262 21.29 
25. 56 193 15. 0 7.8 399.7 53.1 13.3 .120 .0264 22.03 o2 off-. 25 • £:1 166 14. 8 -8. 9 4 09. 2 53.~ 13.2 .111 • Q265 22.72 
25,E6 141 14.7 10.4 417.3 5~ .1 13.1 .114 .0267 ...23.36 
25.71 121 15.4 12.7 4'24. 2 55.5 "l3.1 .112 • 0268 23.96 
25. 77 1·03 15 .6 1-5. 2 430.1 se.~ 13.1 .110 • 027 0 24.51 
25. 82 87 15. 6 17.9 435.2 57.1 13.1 .109 • 027 2 2s.02 
25. 87 74 16. 0 21.e 439.4 58.0 13.2 .107 .0273 25.50 
~g: ~~ 67 16.6 24.8 443.1 58.~ 13.3 .106 .0275 25.95 

60 16.6 27.5 446.5 59.7 13." .105 .0277 26.38 
26.C3 54 16. 9 31.1 449.5 60.6 13. 5 e 104 .0279 2€.80 
26. (8 44 16.9 38.2 452.1 e1.s 13. e .103 • 0281 27.20 
26. 14 41 16.9 't1.1 454.4 62.4 13.i .10J .0283 27.57 
26.19 39 16. 9 43. 6 456.5 63.3 13. c; .102 • 0285 27.94 
26. ct+ 33 16 .9 51.5 458.4 64.2 1 Lt. 0 .101 • 028 7 28,30 
26. 29 29 16. 9 57.Lt 460.0 E5.1 1Lt. 2 .101 • 0289 26.E4 
26.35 26 16.9 64.0 4E1.E 6t.Cl 14.3 • 10 I) .0291 28.97 
26.40 23 16.9 72.4 462.8 66.9 14.5 .100 .0293 29.29 
26. 45 23 16. 9 72.4 464.0 67.8 14.E .1oc • 0295 2'3.60 
26. 51 25 16. 9 67.E 465.3 68.7 14.8 .099 .0297 29.92 
26. S6 21 16.9 6 o. 0 4EE.5 69.6 14.c.:J .099 • 0299 30.24 
26. 61 19 16.9 9 o. 0 4f7.t 70.4 15.1 .098 .0301 30.55 
26 • E6 17 16.9 10 0.1 .468. 5 71.3 1s.2 • 098 .0303 30.85 
26. 72 18 16 .9 94.8 469.4 12.2 15.4 • 098 • 030 5 31.16 
26. 77 18 16.9 96.0 470.lt 73.1 15.S • 0 c; 8 .0~01 31.4€ 
26. 82 14 16. 9 123. 3 471.2 74.CJ 15.7 .oc;; .0309 3t.7c 
26.88 15 16. 9 113.6 471.9 74.S 15.S • 097 .0311 32.05 
26.<;3 16 16. 9 107 • E 472.7 1s.e 16.0 .os7 • 0313 32.36 
26. C:8 15 16 .9 109.2 473.E 76.7 16.2 .097 • 0315 32.€6 
27. (3 15 16. 9 110 .1 474.1.t 77.E 16.4 • 09t: • 0316 3.2.97 
27. 09 15 16 .9 116.3 475.2 78.5 16.5 • o c;e • 0320 33.28 
27.14 13 16 .9 125.4 '+75.C: 79.4 16.7 .09e • 0322 33.58 
27. :19 13 16.9 133.7 476.E ao.~ 1e.e • oc:e .0324 33.88 
27. 24 14 16. 9 118. 2 477.3 81.1 17.0 .o~s .0326 34.19 

' 
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