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PREFACE 

This thesis work is an early portion of an effort to gain a 

comprehensive understanding of coal-derived liquid and other syn-fuel 

upgrading processes. Of the numerous individual processes taking place 

during this upgrading, or hydrotreatment, my attention was primarily 

focused on the removal of sulfur, nitrogen, and oxygen heteroatoms. 

As a tool used to gain an understanding of the heteroatom removal 

processes I considered several types of both empirically and 

theoretically developed mathematical kinetic models. Using those 

models I studied the reaction kinetics of the hydrotreatment of coal
" 

derived liquids, which contain a complex mixture of reactants, and of 

reactant feeds containing a single model heterocompound. 

Due to the theoretical nature of this study, the scarcity of 

applicable experimental data presented some difficulties. As a result, 

I limited the study of single heterocompound hydrotreatment to the 

hydrodesulfurization process. 

I believe this work will be helpful to others in their continued 

effort to understand syn-fuel hydrotreatment. In as much, I know I have 

gained invaluable knowledge and experience through the completion of 

this work. 

I would like to express my sincerest appreciation to my thesis 

advisor, Dr. Mayis Seapan, who, in addition to his instruction, has 

provided an unwavering source of friendly, patient support. Thanks 

also to Teresa Tac~ett for her skillful advice and production of this 
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transcript. Finally, special thanks to Nichole and Wynona, who have 

patiently endured all and have provided a constant source of love and 

affection. 
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CHAPTER I 

INTRODUCTION 

Upgraded coal-derived liquids can be used as petroleum liquid 

substitutes in such applications as power generation fuels in 

combustion turbines and boilers, and as refinery feedstocks. Of the 

raw liquid products of coal liquefaction processes, most of the 

distillate liquids and essentially all the residual liquids are not 

directly suitable for use as petroleum-derived fuel substitutes. 

Upgrading is achieved through a hydrotreatment process in which the 

concentrations of sulfur, nitrogen, oxygen, and trace metal heteroatoms 

are reduced. Other consequential effects of hydrotreatment are 

hydrogenation, hydrocracking, increased storage stability, and 

reduction of viscosity, aromaticity and carcinogenicity. 

Hydrotreatment, as it pertains to upgrading, is a process in which 

the major reactions, hydrogenation and hydrogenolysis of the 

hydrocarbon liquid, are promoted over a catalyst bed. Commercial 

hydrotreatment processes incorporate mostly fixed bed continuous flow 

reactors operating at high temperatures and pressures. The most common 

systems utilize the gravity induced trickle flow of the liquid feed 

with cocurrent hydrogen gas flow. 

The reaction kinetics of hydrocarbon liquid hydrotreatment have 

been the subject of a number of studies and reports published 

since the 1960's. These works have covered a broad range of 
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objectives, analysis procedures, proposed kinetic rate expressions, 

feed compositions, and operating and reactor conditions. However, a 

consensus opinion concerning hydrotreatment kinetics, especially in the 

case of coal-derived liquids, has not been formed and in many instances 

conflicting reports have been published ( 31 ) • 

Objectives 

The objectives of this study of hydrotreatment kinetic modeling 

were threefold: 

The first objective was to learn the reasons for the many 

differing and often contradictory reports concerning coal-derived liquid 

(CDL) hydrotreatment kinetics. Especially in question were inconsistent 

reports of the reaction orders and the temperature dependent Arrhenius 

constants. 

The second objective of this work was to perform an evaluation of 

the kinetic rate expressions used to describe hydrotreatment processes. 

Specifically, these evaluations were to determine: What the various 

rate expressions are able to tell us through interpretation of their 

data fit results; determine the rate expression best suited for use in 

the modeling of CDL hydrotreatment kinetics; and determine the factors 

which have the greatest influence on the ability of a rate equation to 

describe hydrotreatment. 

The third objective was to develop a mathematical kinetic model of 

the CDL hydrotreatment process. This kinetic model would use the rate 

expression which would allow the most accurate description of kinetic 

hydrotreatment data. 

As a result of this work, the power-function or global models used 
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by numerous authors to describe kinetic hydrotreatment data were found 

to yield calculated parameter values which were dependent on such 

factors as operating conditions and data fitting procedures. These 

dependencies are a possible reason for some of the inconsistent kinetic 

reports published over the years. A hyperbolic or intrinsic expression 

assuming two different types of reactant adsorption sites was found to 

be the superior type of rate expression for use in the description of 

catalytic hydrotreatmet kinetics. And, although the complexity of the 

COL hydrotreatment process prevented the development of a mathematical 

kinetic model of that process, an accurate model was developed for the 

hydrodesulfurization of a model COL compound, dibenzothiophene. 



CHAPTER II 

LITERATURE SURVEY AND PROCESS DESCRIPTION 

Coal Liquids 

An extensive literature survey was conducted in which information 

was reviewed concerning hydrocarbon liquid hydrotreatment and related 

subjects. Particular attention was focused on coal-derived liquids and 

heteroatom removal. 

Coal-derived liquids are the products from any of more than twenty 

coal liquefaction processes. Three of the most popular processes are 

the Solvent Refined Coal (SRC), H-Coal, and Exxon Donor Solvent (EDS), 

all of which have been investigated on the pilot plant scale. Coal 

liquids are a complex mixture of aromatic and aliphatic hydrocarbons 

with sulfur, nitrogen, oxygen, and metallic compounds. Compared to 

petroleum liquids, they typically contain higher levels of 

nitrogen, oxygen and metallic heteroatoms, have a lower hydrogen 

content, and tend to be more viscous. Coal liquid heteroatoms are 

usually found in five and six member heterocycles. Sulfur is most 

abundant in the form of thiophene and its benzo- and dibenzo

derivatives, nitrogen in indoles, quinolines and carbazoles, and oxygen 

in phenols, fused ring fur ans, and carboxylic acids ( 23). 
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Hydrotreatment 

Effects 

The effects of primary concern in the hydrotreatment upgrading of 

hydrocarbon liquids are the removal of sulfur, nitrogen, oxygen, and 

metallic heteroatoms. These four heteroatom removal processes are 

referred to as hydrodesulfuriza ti on ( HDS), hydrodeni trogena ti on ( HDN), 

hydrodeoxygenation (HDO), and hydrodemetallation (HDM). Removal of 

these atoms is important for a number of reasons including: 

sensitivity and poisoning of reformer, hydrocracker, and other 

hydrotreatment. catalysts; air pollution control standards governing 

combustion and catalyst regeneration gas emissions; and storage, 

handling, and corrosion problems. Depending upon the required 

specifications of the upgraded liquid, improvements in hydrogen 

content, storage stability, and viscosity may be of importance and can 

be accomplished to variable extents in the hydrotreatment process. 

Reactor Systems 

Several different types of batch and continuous flow reactors are 

used for hydrotreatment processing. Most batch reactors are used 

for laboratory reaction kinetic studies due to their ability to reduce 

flow, mass transfer, and temperature nonidealities. Conversely, nearly 

all commercial hydrotreatment processes incorporate continuous flow 

packed bed reactors, and most utilize the downward trickle flow of the 

liquid feed with cocurrent hydrogen gas flow. 

Trickle-flow reactors have become most popular for several 

reasons. First, substantial savings may be realized by reduction of 

5 
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expensive hydrogen gas requirements needed for the vapor phase 

reactions once thought necessary to achieve high heteroatom conversion 

and limit catalyst coking (42). Also, the liquid phase reactant 

mixture suppresses excessive temperatures and hot spots caused by the 

exothermic hydrotreatment reactions. Such high temperatures can reduce 

catalyst life and cause unwanted hydrocracking. 

Reactor conditions in commercial hydrotreatment processes cover a 

broad range of operating conditions, depending primarily upon the 

characteristics of the feedstock. Temperatures usually fall within a 

range of 300 to 450 C (550-850 F), pressure from 25 to 200 atm (350-

3000 psi), and liquid hourly space velocities (LHSV) from o.s to 15 hr-1. 

Hydrogen consumption is highly dependent on feedstock properties and may 

3 3 
range from less than 1 0 m f12 /m oil ( 56 std.cu.ft./bbl) for light 

2 3 
distillate liquids to more than 1000 m ~ /m oil (5600 std.cu.ft./bbl) 

for heavy residual liquids ( 12, 25). 

The use of Co-Mo/A1 2o3 or Ni-Mo/Al2o3 catalysts in the 

hydrotreatment process is almost universally accepted. The cobalt 

molybdate catalyst is a mixture of cobalt and molybdenum oxides 

dispersed in most cases over an aluminum oxide support. According to 

Richardson (22), the active component is a structurally unidentified 

cobalt-promoted Moo3 complex, which assumes its true activated state 

after it sulfides. As a result of the dependence of catalyst's activity 

on its sulfided state, some minimal sulfur concentration must be present 

in the reactor at all times during the hydrotreatment process ( 24). 

This may require some hydrogen sulfide recirculation. Also,as a result 

of his catalyst study, Richardson reports that a Co:Mo ratio of 0.2 is 

desired for maximum activity. These catalyst particles are produced in 
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the forms of spheres, tablets, pellets, and extrudates ranging from .08 

to .32 cm ( 1/32 to 1/8 inch) in diameter ( 25). Other typical catalyst 

characteristics, as reported by Schuit (29), are bulk density (.15-1.0 

g/cc), average pore volume (.2 - .8 cc/g), specific surface area (150 -

400 m2/g), and average pore diameter (6 - 20 nm). 

Hydrotreatment catalyst deactivation is principally caused by 

coking and Poisoning. Coking causes deactivation by deposition of 

carbonaceous material (coke) on catalysts and plugging their pores. The 

catalyst may be regenerated by burning off the coke, but the extent to 

which this may be accomplished may be limited due to the catalyst pores 

being plugged to the point where they inhibit the required diffusion of 

oxygen (24). Irreversible catalyst poisoning occurs through deposition 

of metals on the catalyst surface and adsorption of nitrogenous 

compounds on the acidic reaction adsorption sites. 

Reaction Kinetics 

Global ~ Equations. The observed or global rate model is one 

of two common types used to describe hydrotreatment reaction kinetics. 

The global rate model is a power-function equation which has the 

general form: 

r [ 1 ] 

The rate constant, k, follows the Ar~henius temperature dependency 

described by the following equation: 

k =A exp(-E/RT) [ 2] 

Additional terms are sometimes included for dependence on hydrogen 

partial pressure and concentration of species other than the reactant. 

Such a rate expression could be written as follows: 
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[ 3] 

These global equations represent the reactor contents as a single 

homogeneous group. 

As shown in a review by Seapan and Crynes (31), global rate 

equations have been used by several authors to represent multicomponent 

hydrocarbon hydrotreatment data from continuous flow reactors. The 

global rate expressions used by these authors can be separated into two 

groups. 

The first group consists of simple first or second order 

expressions as described by Equation [ 1]. A host of authors have 

published works in which multicomponent hydrotreatment data was fitted 

by one of these simple power law expressions ( 1, 6, 11, 12, 14, 37, 38, 

41 , 44). The study by White ( 44) was the only member of this group in 

which an acceptable data fit was not reported. In that publication, a 

break in the linear Arrhenius plot was re.ported near 400 C (750 F), 

above and below which the data could be described by two separate 

straight lines. 

The second group is represented by first or second order 

expressions which have been modified in some manner. Curtin (5), Shih 

(32), and Angevine (2) report acceptable fits to coal liquid and shale 

oil hydrotreatment data by global rate expressions which include time 

dependent catalyst deactivation constants. Sivasubrumanian (35, 36) 

and Mehta (17) reported that global equations incorporating a factor for 

incomplete catalyst wetting were able to fit hydrotreatrnent data 

acceptably well. Garg ( 9), Gary ( 10), Satchell ( 28), and Sooter ( 40) 

report good data fits by separating the feed mixture into separately 

reacting groups, each behaving according to a simple first order kinetic 
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A common trend concerning these global kinetic expressions was 

apparent to this author. Those studies using data from liquids having 
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a boiling range less than approximately 150 C (300 F) were able to fit 

the data with a simple first order model. At wider boiling ranges some 

studies report a break in the Arrhenius temperature plot for the simple 

first order model, while others proposed a higher order or modified 

version of the global rate model. As a rule, the liquids having a wide 

boiling range (greater than 150 C) could not be fitted by a simple first 

order global rate model. This phenomena is also discussed in a 

theoretical work in which Weekman (43) shows that a mixture of first 

order reactions follows an overall observed order greater than one. In 

contrast to the multicomponent hydrotreatment reports, most single 

component studies report first order dependencies on reactant 

concentration. 

Intrinsic Rate Equations. Intrinsic or catalyst site rate models 

are also commonly used to describe hydrotreatment kinetics. The 

Langmuir-Hinshelwood adsorption model is the most widely used and 

accepted type of intrinsic rate model. A set of assumptions frequently 

made in hydrotreatment reaction studies is: 

1. Reversible adsorption of heterocompound and hydrogen reactants. 

2. Irreversible reaction of adjacently adsorbed heterocompound 

and hydrogen molecules. 

3. Reversible desorption of hydrogenated product. 

The Langmuir-Hinshelwood type intrinsic rate equation resulting from 

these assumptions is: 



kCACB 
r = ~~~~~~'--~~~~~~-

( l +KC +KC +KC) 2 
A A B B P P 

[ 4] 

where the reaction rate constant, k, and the adsorption equilibrium 

constants, K , follow the Arrhenius temperature dependencies described 

below: 

k =A exp(-E/RT) 

K 
i 

Aiexp(+Ei/RT) 

[5] 

[ 6] 

The derivation of :Equation [4] from the three assumptions listed above 

is shown in Appendix A. This type of intrinsic rate equation has many 

variable forms, each being individually derived from a specific set of 

adsorption and reaction assumptions. 

A large number of hydrotreatment kinetic studies have been 

published in the past fifteen years, particularly of model compound 

hydrodesulfurization. After it became apparent to this author that a 

single rate equation derived from present adsorption-reaction theory 

would not be capable of describing the removal of all types of 

10 

heteroatoms,attention was focused upon hydrodesulfurization, considered 

to be the most important of the heteroatom removal processes (7, 24, 

30). It was thought an extensive understanding of this process would 

be a sound basis for the future development of an expanded model 

capable of describing the removal of a mixture of heteroatoms such as 

those found in coal derived liquids. 

A number of model compound hydrodesulfurization studies were 

reviewed in this work. Among the most informative were reports about 

thiophene HDS published by Chakraborty (4), Massoth (16), and 

Satterfield (26, 27). In addition, several benzothiophene, 

dibenzothiophene, and other model compound HDS studies were reviewed (3, 



7, 18, 33, 34). Most of these authors proposed intrinsic rate models 

that were specific forms of the generalized equation shown below: 

r = 

kC C a 
AB 

[ 7] 

where A, B, and P represent heterocompound, hydrogen, and hydrogen 

sulfide, respectively. Reaction rate resistance due to competitive 

adsorption of hydrocarbons free of heteroatoms was normally assumed to 

be negligible or possibly not occurring at all. Broderick (3) and 

Massoth (16) studied several specific forms of Equation [7] but found 

the model described by Equation [ 8] to be superior, 

r = [ 8] 

where A, B, and P again respectively represent heterocompound, 

hydrogen, and hydrogen sulfide. This observation was corroborated by 

Espino (7) and Singhal (34) in their studies of dibenzothiophene 

hydrodesulfurization kinetics. This model assumes the sulfur-

containing molecules compete for one type of adsorption site while 

hydrogen molecules adsorb on a second type of site. 

11 

Several authors have suggested a two group theory could be used to 

describe the hydrodesulfurization of the sulfur-containing 

heterocompounds found in a wide boiling range liquid (9, 10, 29, 33, 

40, 42). This concept involves the simultaneous first order reaction of 

two reactant groups, with each reaction proceeding at a rate 

proportional to the concentration of its group. Such an intrinsic rate 

expression could be written as shown in Equation [9], 
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r 

[ 9] 

where CJ. and S are the mixture fractions, and A and B represent the two 

reactant groups. 

Process Models 

For the purpose of use in this work, a process model was defined 

as an integrated plug flow design equation. The use of the ideal plug 

flow model implies the assumptions listed below (25): 

1. No axial or radial dispersion. 

2. No mass or heat transfer resistances in or between the gas, 

liquid and catalyst particle. 

3. Catalyst particles are completely wetted. 

4. Reaction occurs only at the solid-liquid interface. 

s. No vaporization or condensation occurs. 

Satterfield (24, 25) has indicated the nonidealities listed above do 

occur to varying extents, but the gas and liquid mass and heat transfer 

resistances are typically negligible, and, in the case of heteroatom 

removal, assumption of an irreversible first order reaction occurring 

at the solid-liquid interface is justified. Many authors have 

indicated significant pore diffusion resistance under some conditions. 

Another nonideality commonly assumed to significantly affect reactor 

performance is incomplete catalyst wetting. It should be noted that no 

multicomponent hydrotreatment process model was discovered in the 



literature search conducted in this work, except those which assumed 

global reaction kinetics and few or no reactor nonidealities. 
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CHAPTER III 

PROCEDURE 

Evaluation of Kinetic Rate Equations 

In this work the abilities of several kinetic rate expressions 

were investigated through the performance and subsequent evaluation of 

HDS, HDN, and HDO data fit calculations. Evaluations began with the 

simplest forms of rate expressions and proceeded according to 

increasing model complexity. 

Heck and Stein (12) published a paper containing experimental 

data from the hydrotreatment of two coal-derived liquids, an SRC recycle 

solvent and an H-coal distillate. These HOS, HON, and HOO data were 

collected from each of 60 experimental runs, using both NiMo/A1203 and 

CoMo/Al2o3 commercial catalysts. Their system, using a trickle flow 

reactor, was typical in most respects of commercial hydrotreatment 

systems. The major deviations from large scale processes were lower 

liquid and gas velocities inside the reactor. This is a common 

characteristic of experimental reactors operating at space velocities 

similar to those used in commercial processes due to significant 

differences in the reactor length to diameter ratio. Because they 

contained an extensive set of experimental data collected from a system 

typifying commercial hydrotreatment, Heck and Stein's data were 

utilized in the data fit calculations of the model evaluations. In 

their work, Heck and Stein proposed the second order pressure dependent 
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global rate model described in Equation [ 1 O]. 

C2 Pm 
r =A exp(-E/RT) R 

15 

[ 1 O] 

They reported the values of the model parameters which allowed the best 

fit to each of three data sets. Each set contained experimentally 

observed data for HDS, HDN, and HOO. As the first step taken to 

determine the reasons for the inconsistent global kinetic reports 

mentioned earlier, an attempt was made in this work to verify Heck and 

Stein's reported values of the second order model parameters. In 

addition, first and n-th order global models were tested and the 

calculated fits compared to those of the second order model. The 

comparative results of these three global rate models were used to 

determine the validity of using such simplified models to describe the 

intricate coal liquid heteroatom removal processes. 

All the data fits in this work were calculated using a 

version of the Marquardt nonlinear data fit technique. This particular 

version was one modified by Professor John P. Chandler, of the 

Department of Computing and Information Sciences at Oklahoma State 

University. Chandler's version of the Marquardt computer program is 

listed in Appendix o. Output from this program includes several 

measures of the goodness of fit. These are: the residual mean square 

(rms) and minimized sum of squares (PHI), both measures of the deviation 

of the fitted from observed values; a correlation matrix indicating the 

degree of parameter interdependence; and the rescaled parameter errors, 

values equal to one standard deviation in the normalized distribution 

curve. 

Evaluations similar to those of the global rate models were also 



made of several Langmuir-Hinshelwood type intrinsic models. A list of 

the intrinsic models considered in this work appears in Table r. The 

hydrocarbon reactant concentration appearing as a resistance term in 

the denominators of Equations I-a through I-c, C~ represented three 

different concentrations in three separate evaluations of each rate 

equation. These three groups were: 

1. All sulfur-containing hydrocarbons. 

2. All sulfur, nitrogen, and oxygen-containing hydrocarbons. 

16 

3. All sulfur, nitrogen, and oxygen-containing hydrocarbons plus 

their heteroatom-free hydrocarbon products. 

The concentration of the third group was assumed to be constant 

and equal to the sum of the initial heterocompound concentrations. 

Equations I-a and I-b assume all species compete for one type of 

adsorption site, while equations I-c and I-d assume competition between 

reactant and product for one type of adsorption site and noncompetitive 

adsorption of hydrogen on a different type of site. Equation I-a 

assumes no rate resistance due to hydrogen adsorption. Equation I-d 

assumes two sulfur compound groups that react at different rates but by 

the same physical processes. The results of the data fit calculations 

and subsequent analyses of these intrinsic rate equations are discussed 

in the next chapter. 

Process Model Development 

An ideal process model would be one that would accurately predict 

the performance of a hydrotreatment reactor under all ranges of 

operating conditions. Noting the complexity of such an ideal process 

model, this work focused on the development of a simplified version 



r = 

r = 

r = 

r = 

TABLE I 

INTRINSIC RATE MODELS FOR HYDRODESULFURIZATION KINETICS 

(1 +KC' KC ) 2 
A A+ P P 

kC C 
AH 

kC C 
AH 

A, B - hydrocarbon reactants, P - reaction product, H - hydrogen 

CA can represent the concentration of a species the same as or 
different than CA. 

Reactant group concentrations a + S = 1. 

17 

I-a 

I-b 

I-c 

I-d 
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which would be useful in the later elaboration of a more robust form. 

Therefore, a mathematical process model was developed for simulation of 

the hydrodesulfurization of a model sulfur compound dispersed in a 

liquid solvent. Attempts were made to simulate the conditions common to 

commercial scale upgrading of coal-derived liquids. 

Although many studies have been published and much is known about 

the HOS of thiophene, dibenzothiophene was chosen as the model compound 

because it is more representative of the sulfur-containing 

heterocompounds found in coal-derived liquids (3). Tetralin was the 

choice as the model solvent for three reasons. First, tetralin is a 

molecule which typifies the size and cyclic structure of hydrocarbon 

molecules commonly found in coal-derived liquids. Second. it remains 

in the liquid phase, as does the largest fraction of a coal-derived 

liquid under the normal range of reactor operating conditions. The 

third reason for the selection of tetralin as a model solvent was that 

it, along with the dibenzothiophene reactant, describes the feed to a 

trickle flow reactor used by Espino (7) to collect HOS data. This 

description allowed Espino's experimental data to be used for a better 

evaluation of the model developed in this work. 

This process, or reactor performance model,is yielded by the 

integration of the following rate equation: 

r = 
(1 + K nc + K c ) (1 + KHCH) R R P P 

[ 11 ] 

where R, H, and P represent dibenzothiophene, hydrogen, and hydrogen 

sulfide respectively. As mentioned earlier, several authors found 

Equation (11] to be the superior Langmuir-Hinshelwood form used to 
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describe the HDS adsorption reaction processes. The catalyst 

effectiveness factor, n' has been incorporated to account for the 

potentially strong resistance to dibenzothiophene pore diffusion. The 

derivation of Equation [11) follows a set of steps very similar to 

those taken in the derivation shown in Appendix A. The differences 

are those which result from the assumption of two types of adsorption 

sites, rather than a single type of site. The integrated form of the 

plug flow design equation incorporating Equation [11) is shown below: 

CR2 c + (1 + K (C l + CPl)) CRl p R 
Rl ln 

(kRn - KP) CR2 

K(n) (CH) (W) (100) 

(1 + K C ) (K n -
H H R 

KP) (LHSV) (V) (p) ( 12] 

where the subscripts 1 and 2 denote inlet and outlet conditions, and W, 

v, and p are catalyst weight, reactor volume, and liquid density 

respectively. The formal integration producing Equation [ 12] is 

presented in Appendix B. 

Assumption of the set of sequential steps outlined below provided 

the basis for development of the process model expressed by Equation 

( 12] • 

1. Diffusion of hydrogen(H2) from the bulk gas to the gas-liquid 

interface surrounding the catalyst pellets. 

2. Dissolution of H2 in the bulk liquid. 

3. Diffusion of H2 and dibenzothiophene (DBT) from the bulk 

liquid to the catalyst surface. 

4. Diffusion of H2 and DBT inward through the catalyst pores. 

5. Adsorption of DBT and H2S (a reaction product) on one type of 
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catalyst adsorption site. 

6. Adsorption of H2 on a second type of catalyst adsorption site. 

7. Reaction of DBT and H2 adsorbed on adjacent sites. 
1 

8. Desorption of the reaction products. 

9. Diffusion of reaction products outward through the catalyst 

pores. 

10. Diffusion of the reaction products into the bulk liquid. 

11. Diffusion of H2S from the liquid-gas interface into the bulk 

gas. 

As mentioned in Chapter II, there are five assumptions implied with 

the use of the ideal plug flow design equation. Four of those 

assumptions were retained in the development of the process model 

described by Equation [12). The catalyst effectiveness factor was 

included to account for reactant pore diffusion resistance. The effects 

of this lone nonideality were incorporated in the process model for two 

reasons. First, pore diffusion resistance was found in the literature 

survey to be the nonideality most frequently observed and commonly 

reported to have significant effects on the reaction process. Second, 

it was believed by this author that reactor nonidealities would be 

better studied and modeled singularly, rather than as a group where the 

model factors representing them may be interdependent and simultaneously 

changing. 

Hydrogen concentration in the liquid phase was calculated using a 

correlation developed in Prather (20) for the solubility of hydrogen in 

1 In addition to the HDS products hydrogen sulfide, biphenyl, and 
cyclohexylbenzene, the hydrogenated but undesulfurized products 
tetrahydrodibenzothiophene and hexahydrodibenzothiophene appear to 
lesser extents ( 3). 



a Solvent Refined Coal recycle solvent at high temperatures and 

hydrogen partial pressures. This correlation was developed assuming a 

linear equation for relating solubility to hydrogen partial pressure 

and by expressing the logarithm of the slopes of those lines as a 

linear function of the reciprocal absolute temperature. Hydrogen 

solubility was then calculated using the following equation: 

S = exp (-Sl -S2/T) P· 
H [ 13] 
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where S1 and S2 are empirically evaluated constants. In lieu of specific 

values of S1 and S2 for the model system solvent, the values published by 

Prather for the SRC recycle solvent were used. The hydrogen solubility 

dependence on temperature and pressure, although not exactly accurate 

when using these values, was presumed to be satisfactorily 

representative for use in the process model. 

The DBT effectiveness factor, n, was calculated using the following 

equations suggested by Froment (8) for heavy petroleum feedstocks. The 

values of the constants used in Equations (14-24] are listed in Table 

II. 

3 (H coth(H) -1) n 2 
H [ 14] 

H Rc(kobs10eff) 
1/2 I 1 sJ 

robs "' k c 
obs R 

[ 16] 

R 
ED 

(1 - _E!.) 4 
Deff T 1}.; 

[ 17] 

The free liquid diffusivity, D, was calculated using Scheibel's 

correlation (21). 



TABLE II 

PHYSICAL CONSTANTS USED IN THE DBT PROCESS MODEL 

MWL - tetralin molecular weight (1.32.g/mole) 

(JJ 

- tetralin critical pressure (34.7 atm) 

- average catalyst particle radius (0.0105 cm) 

- DBT molecule size (10.0 angstroms) 

- tetralin critical temperature (719 K) 

- tetralin mOlar volume at normal boiling 
point (147.0 cc/gmole) 

- DBT molar volume at normal boiling point 
(182.0 cc/gmole) 

- catalyst void fraction (0.5) 

- catalyst tortuosity factor (2.5) 

- tetralin acentric factor (0.303) 

22 



where: 

and: 

z 

z 

z 

D 
KT 

v 1/3 
µ R 

3VL 2/3 
K = Z(l + (-) ) 

VR 

25.2 E-8 for V /V < 
L R 1 

17.5 E-8 for l <:'£/V R < 

8.2 E-8 

2.5 

for 2.5 < V /V 
L R 

[ 18] 

[ 19] 

[20) 

[ 21] 

(22] 

The solvent viscosity, µ , was calculated using Letsou and Steil's 

correlation for high temperature liquids (21). 

µI; = [ (µ!;) '+ w(µi;) "l (23) 

(µ!;) '= 0.015174 - 0.02135 T + 0.0075 T2 
r r 

[ 24] 

(µ!;) "= 0.042552 - 0.07674 T + 0.0340 T2 
r r 

{ 25] 

T 1/6 

E; 
c 

= 
MW l/2p 1/2 

L c 
[26) 

Except for the catalyst particle and pore radii, the sensitivity 

of the effectiveness factor to the physical constants listed in Table 

II was not explored. The values of R and R , 0.0105 cm (60-80 mesh) 
c p 

and 14 angstroms, respectively, were adopted because they resulted in 

the prediction of particle size effects that most closely resembled 

those reported by Espino (7). A more detailed study of these physical 

constant effects might allow the average pore radius to fall into a 

more representative range (25-50 angstroms). 

The liquid density, p, .was assumed to be negligibly affected by 
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dissolved hydrogen and dibenzothiophene and calculated as that of the 

pure liquid solvent. Density values were determined by conversion of 

the values calculated using GUnn and Yamada's correlation for molar 

volume ( 21 ). 

V' 
L 
-= 
V" 

L 

V (T') [l - oof(T~)] 
r r 

v (T"J [l - wr (T") 1 
r r r 

Vr(Tr) = 0.33593 - 0.33953Tr + 1.51941Tr~ 

- 2.02512Tr3 + 1.11422Tr4 

[ 27) 

(28) 

~(Tr) = 0.29607 - o.o9045Tr - o.04842Tr2 [291 

where ' and " denote first and second reference conditions, 

respectively. 

Experimental ~ Fit 

From the model described by F.quation (12), the kinetic rate 

constant, k, and adsorption equilibrium constants KH, KR, ~ were 

calculated which best describe the set of dibenzothiophene HDS data 

published by Espino (7). This particular article was the only source 

uncovered in the literature survey which included the temperature, 

pressure, and space velocity ranges desired for such an evaluation of 

the process model. These data are tabulated in Appendix r. The 

specific values of these data points have been back calculated from a 

figure in the Espino paper. Other conditions desired for this model 

analysis and met by these data were trickle flow operation and liquid 
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phase reaction in the catalyst. In addition, this paper included some 

information used to calculate hydrogen concentration, solvent density, 

effectiveness factor, catalyst weight, and reactor volume. These 

calculations, as described earlier, were performed in the first 



sections of the computer programs shown in Appendices F, G, and H. 

The form of the process model described by Equation (12] proved 

to be very awkward in the data fit calculations. The four kinetic 

constants k, ~' KR' and Kp were very difficult to handle under 

nonisothermal conditions due to the interdependencies of their pre-

exponential and exponential constants. This necessitated the 

calculations be performed using isothermal data with subsequent 

extraction of the exponential constants from the Arrhenius plots. 

After many trial and error attempts, the following form of Equation 

[12] was found to be most suitable for use in the data fit 

calculations: 

l l 
cH nw < 100 l x < 1) (1 - X(3)n) 

;; ln(l-x) = 
~~~~~~~~~~~~~~~~~ + 
xLHSV c Vp(c /C +l) (l+X(2)CH) (Cp /CR ) 

Rl pl Rl 1 1 

where x is the fractional reactant conversion. 

The fitted parameters are: 

X(l) = kKHKR/Kp 

X (2) KH 

X (3) = KR/KP 

[30] 

[ 31 ] 

[ 32] 

[33] 
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from which three separate constants k, KH' and KR/Kp may be calculated. 

After the pre-exponential and exponential constants were 

calculated from a linear regression fit of the three Arrhenius plots, 

the resulting six constants were included in the model equation 

Equation [12) and the fit over the entire set of data calculated. The 

n-th order global model Equation [10] was also used to fit this same 

set of data points and the resulting parameter values and goodness of 

fit compared with the intrinsic model results. These fits are 

discussed in the next chapter. 



26 

Parameter Sensitivity Study 

In an attempt to determine the influence of operating conditions 

on the observed global model parameters and to determine the 

relationships between the global and intrinsic kinetics, a parameter 

sensitivity study was conducted. The process model, F,quation [12], 

with the intrinsic kinetic parameters fixed at the values obtained from 

the data fit described above, was used to generate a hypothetical 

dibenzothiophene HDS data set which was in turn used to calculate the 

n-th order global model parameters (F,quation (10]). This procedure, 

depicted by Figure 1, allowed the global model parameters to be plotted 

a.s functions of temperature, hydrogen pressure, and space velocity for 

a HDS system following the behavior described by F,quation [12]. 

The ranges of the operating parameters, T, P, and LHSV, used in 

the generation of the data set were expanded from those of the DBT HDS 

data used in the intrinsic process model evaluation. The limits on 

these ranges were extended until the corresponding conversions 

calculated from the DBT process model became extremely high and low. 

The values used throughout these parameter sensitivity calculations are 

listed in Table III. 

Individual data fit calculations yielding values of the four 

global model parameters, A, E, m, and n, were performed at constant 

values of the operating parameter comprising the abscissas of the 

parameter sensitivity plots and the twenty five combinations of the two 

remaining operating parameters. Calculations were performed at various 

values of the operating parameter plotted along the abscissa for the 

entire range from which meaningful values of the global model 

parameters could be obtained. The end points of these curves were 



T, P, LHSV, CR 
1 

Dibenzothiophene HOS model 

(all parameters fixed) 

, , 
T, P, LHSV, CR , C 

1 R2 

• r 

n-th Order Global Model 

1 , 

A, E, m, n 

Figure 1. Parameter Sensitivity 
Calculation Flow 
Diagram 
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TABLE III 

VALUES OF OPERATING PARAMETERS USED IN 
PARAMETER SENSITIVITY CALCULATIONS 

T p LHSV 
F psi H2 

(hr-1) 

450 200 

500 400 3 

550 600 6 

600 800 9 

650 1000 12 

28 
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usually those at which the corresponding DBT conversion was extremely 

high or low. The operating parameter held constant in these calculations 

was not confined to the ranges indicated in Table III. 

The form of the n-th order global model used in these calculations 

is expressed by F.quation [34]. 

1-X (4) 
[CR - X(l) exp (x(2)/RT)P X( 3 ) (1 - X(4)) 

1 LHSV 

where: 

X( 1) = A 

X(2) = E 

X(3} =m 

X( 4} = n 

l-X(4) 

[34] 

(35] 

[ 36] 

(37] 

[ 38] 



--- ----- - ----

CHAPTER IV 

DISCUSSION OF RESULTS 

Global Kinetic Models 

The global kinetic model described by Equation (39] 

n m 
r = A exp(-E/RT) C P [ 39] 

was analyzed by calculation of the model parameters, A, E, m, and n. 

The parameter calculations were performed utilizing Heck and Stein's 

(12) HDS, HDN, and HOO data. The Marquardt data fit program mentioned 

earlier was used to calculate the model parameters for the n-th order 

form of Equation [39] and the first and second order versions in which n 

is equal to 1 and 2 respectively. 

The second order parameter values calculated in this work were 

compared to those published by Heck and Stein (see Table I.V). The 

published values of the pre-exponential constants, activation energies, 

and order of hydrogen pressure dependence were duplicated with only 

limited precision. All of the published values were, however, within 95 

percent confidence intervals of those values calculated in this work. 

The lack of precision may be explained by uncertainties in outlet 

concentration (minimum detectable limits reported at several different 

operational conditions) and in differences in the data fit techniques. 

In addition to the comparison of the second order results, global 

parameters were evaluated for the first and n-th order models. These 

values are shown in Table V and Table VI, respectively. As expected, 
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TABLE IV 

COMPARISON OF SECOND ORDER GLOBAL KINETIC MODEL PARAMETERS 

Feed 
A E I'n Mean 

Heteroatom 
Deviation 

Catalyst -m 
Btu/mole (psi /wt%/hr) wt% 

SRC Recycle Solvent Sulfur 4.46E2 3.76E2 28,960 28,380 1.37 1. 36 .005 .005 
HDS-9A Nitrogen l.14E9 3.58E9 59,930 64,150 0.87 0.96 .023 .024 

Oxygen 3.22E9 2.46E9 64,600 65,840 0.74 0.85 .081 .086 

SRC Recycle Solvent Sulfur 5. 71E6 l.25E9 45,710 55,830 1.08 0.96 .005 .007 
HDS-1441A Nitrogen 1. 91E9 1. 23E9 64,750 63,980 1.03 1.04 .027 .033 

Oxygen 2.45Ell 2.63El0 66,820 68,550 0.29 o. 71 .148 .091 

H-Coal Distillate Sulfur 2.45E5 8.52E7 31,580 45,630 0.79 0.84 .005 .008 
HDS-1441A Nitrogen l.81E7 l.90E7 56,390 56,750 1.29 1.30 .015 .018 

Oxygen 2.24E8 6.00E7 65,720 64,030 1.41 1.49 .061 .074 

Ncte: The values in the first columns are those calculated in this work, the values in the second columns 
are those published by Heck and Stein (12). 

w 
I-' 



TABLE V 

FIRST ORDER GLOBAL KINETIC MODEL PARAMETERS 

Feed 
A E 

Catalyst 
-m 

(Btu/lbmole) Heteroatom (psi /hr) 

SRC Recycle Solvent Sulfur 4~89E-2 + 2. 22E-l 9 ,650 ~ 8,740 
HDS-9A Nitrogen 5.72E3 + 2.83E4 35,820 ~ 9,270 

Oxygen 7.92E4 + 2.27E5 39,220 ~ 5,280 

SRC Recycle Solvent Sulfur 3.92E2 + 3.26E3 26,030 ~ 16,220 
HDS-1441A Nitrogen l.19E5 + 4. 74E5 44, 710 ~ 7,600 

Oxygen 1. 79E7 + 8. 40E7 46,330 + 8,400 

H-Coal Distillate Sulfur 6.72E3 + 5.43E4 21,450 ~ 17,220 
HDS-1441A Nitrogen 5.83E3 + 2.38E4 40,290 + 9,280 

Oxygen 5.87E6 + 3.80E7 55,030 + 16,530 

Note: The indicated error regions are 95% confidence intervals. 

m 

1.143 + .349 
0.944 + .357 
0. 776 + . 206 

0.889 + .374 
1. 016 + . 282 
0.467 + .304 

0.282 + .651 
-

1.231 + .301 
1. 223 + .542 

Mean 
Deviation 

wt% 

.010 

.031 

.114 

.010 

.026 

.160 

.009 

.020 

.086 

w 
N 



TABLE VI 

N-th ORDER GLOBAL KINETIC MODEL PARAMETERS 

Feed A E m 
Catalyst Heteroatom 

-m n-1 
(psi /wt% /hr) (Btu/lbrnole) 

SRC Recycle Solvent Sulfur l.53E9 + 3.07El0 61, 650 .±_ 42 I 810 1. 712 + .852 
HDS-9A Nitrogen 3.73E7 + 3.46E8 53,050 .±. 18,660 0.885 + .396 

Oxygen 4. 20E6 + 1. 25E7 48,910 .±. 6,330 0.766 + .152 

SRC Recycle Solvent Sulfur 8.38E9 + l.57Ell 61,860 .±. 39,260 1.278 + • 741 
HDS-1441A Nitrogen 4.51E6 + 2.55E7 52,040 .±. 11,480 1.018 + . 301 

Oxygen 2. 62E8 + 1. 69E9 52,190 .±. 12,530 0.413 + .340 -

H-Coal Distillate Sulfur 8.27El2 + l.68El4 68,330 .±. 44,070 1.374 + .995 
HDS-1441A Nitrogen l.35E6 + 6.06E6 50, 810 .±. lQ I 310 1.251 + .288 

Oxygen 3.88E8 + 3.80E9 67,260 .±. 25,280 1.430 + .607 -

Note: The indicated error regions are 95% confidence intervals. 

n 

3 .111 + 1.24 
1. 765 + .543 
1. 455 + .193 -

2.597 + .920 
1.445 + .370 
1.375 + .382 

3.687 + 1.303 
1.685 + .345 
2.075 + .672 -

Mean 
Deviation 

wt% 

.003 

.023 

.059 

.004 

.023 

.129 

.003 

.013 

.061 

w 
w 
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the additional degrees of freedom in the n-th order rate equation allow 

a better fit. The first order rate equation, which best describes the 

behavior of single reactant feeds, yields the poorest fit to the 

experimental data. This indicates the complexity of the reactant 

mixture. :Equating global orders to true kinetic orders has been a 

common misinterpretation of data fit results. In all three global 

equations the hydrogen partial pressure dependencies are similar and 

show approximately a first order dependence with all values confined 

between zero and two. 

Conclusions concerning activation energy were more difficult to 

make. The first and second order equations showed these values to 

increase from sulfur to nitrogen to oxygen containing compounds~ 

whereas, the n-th order equation showed no consistent trend. 

Activation energies covered the broad range from 10,000 to 70,000 

Btu/lbmole (75 -530 kJ/mol). 

During the course of the data fit calculations it was found that 

in some cases the converged results were dependent upon the initial 

parameter guesses supplied to the program. This problem was overcome 

by repeating the calculations with improved guesses for the kinetic 

parameters until the best fit was obtained. In those calculations the 

best fit was obtained by minimizing the value of the following 

objective function: 

2 
FOBJ = ""ccf. - c l ) L it ca c 

[40] 

where C fit and C dat are the calculated and experimentally observed 

concentrations, respectively. 

Another phenomena occasionally observed throughout the data fit 

calculations performed in this work was the ability of the model 
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equations to yield only a slightly poorer fit to a data set with a 

strikingly different set of parameter values. For instance, if the 

order of reactant concentration, n, is fixed at an arbitrary value far 

from its "best fit" value, the remaining model parameters, A, E, and m, 

allow the model equation enough flexibility to fit the experimental 

data set with nearly the same accuracy. This fact is manifested in 

part by the large parameter confidence regions, especially in the cases 

of the pre-exponential constants, in which all the confidence regions 

are of greater magnitude than the parameter values. Also an important 

fact was the observed dependence of the converged parameter values on 

the variable forms of the fitted function, i.e., Cf. = f(A, E, m, n) 
it 

or O = f(A, E, m, n). 

These observations indicated shallow parameter surface minima, 

which may have been caused by poorly conditioned data or model equation 

(data or model equation that does not allow a sharp definition of the 

model parameters), or both. Because these observations generally held 

for all nine experimental data sets, this author believed the global 

model equations were the cause for these parameter calculation prob-

lems, therein lying a likely explanation for some of the discrepant 

literature reports mentioned earlier. 

The facts that reaction orders greater than one produced more 

accurate results and that the values of the global parameters were 

scattered and inconsistent both indicated the inability of the global 

rate equation. Although such global rate equations are capable of 

describing coal liquid heterocompound conversion with good accuracy, 

their empirical nature keeps from yielding accurate information 

concerning the actual kinetic processes taking place at the reaction 



sites. These observations indicated the global rate model is 

oversimplified for use as multicomponent hydrotreatment performance 

prediction tool. 

Intrinsic Kinetic Models 

Multicomponent Systems 

An attempt was made in this work to fit the Heck and Stein (12) 

coal liquid hydrotreatment data with the single and two type site rate 

equations. An extensive effort was made to fit the data set with 

Equations I-a through I-c (Table I), and numerous theoretically 

justifiable variations of them. These rate expressions could not be 
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used to describe coal liquid hydrotreatment satisfactorily. In most 

cases divergent results were obtained using a Marquardt nonlinear 

technique to fit these rate expressions to coal liquid data. When 

converged results were obtained, they were unacceptable in each case due 

either to physically meaningless values for the equilibrium constants, or 

excessively large confidence regions, or both. It was believed by this 

author that the complex nature of the multicomponent coal liquids did 

not allow them to be treated as a single group, therefore not allowing 

these types of single group intrinsic models to describe their kinetic 

data. 

Several authors have suggested a two group theory could be 

used to describe the hydrotreatment of typical heavy petroleum and 

coal liquids (9, 29, 42). This concept involves the simultaneous first 

order reactions of two reactant groups, with each reaction proceeding at 

a rate proportional to the concentration of its group. Such a rate 
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expression is described by Equation I-d in Table I. Although this two 

group expression may be used to fit multicomponent feedstock HDS data, 

the single compound performance model should be developed to adequately 

account for the many system variables before an expanded version is 

considered. The complexity of a multicomponent systems makes 

preliminary understanding of the complete single component system a 

practical necessity. 

Process Model 

The process model described by Equation [ 12] incorporates the 

intrinsic kinetic rate expression, Equation [11], found to be superior 

for description of HDS data. The kinetic rate constant k and adsorption 

equilibrium constants K , K , K were calculated such that the process 
H R P 

model, in the form of Equation [30], best described each of five sets of 

isothermal HDS data. These data were collected in a study of the 

hydrodesulfurization of dibenzothiophene (7). The calculated values of 

the kinetic constants and the average percent errors of the 

corresponding fits to the five isothermal data sets are shown in Table 

VII. The program used to perform these calculations, along with the 

input data and the best fit values of the parameters, are listed for each 

case in Appendix F. In all five sets of isothermal calculations,the 

process model was able to describe the data set very well. In each case 

the average error of the fitted outlet concentration profile values was 

less than two percent. 

The Arrhenius plots of the three intrinsic constants k, ~, and 

Kt/KP appear in Figures 2, 3 and 4,respectively. The exponential 

constants were calculated via linear regression fits for each of the 



TABLE VII 

DIBENZOTHIOPHENE HDS KINETIC MODEL CONSTANTS 
(ISOTHERMAL PARAMETER EVALUATIONS) 

Temperature k KH KR/KP 

oc op wt%/hr wt%-l 

285 545 8.043 E-2 1.893 El 3.495 E-1 

300 572 1.563 E-1 1.135 El 9.355 E-1 

310 590 3.136 E-1 8.177 EO 1.397 EO 

325 617 8.511 E-1 5.415 EO 1.535 EO 

350 662 2.648 EO 2.606 EO 2.436 EO 

k - reaction rate constant 

KH - hydrogen adsorption equilibrium constant 

KR - dibenzothiophene adsorption equilibrium constant 

KP - hydrogen sulfide adsorption equilibrium constant 

L ABS (Cf. - C ) 
Avg. % Error = C it dat x 100% 

dat (NPTS) 
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Avg. % Error 

o. 714 

1.098 

1.502 

1.279 

0.748 
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three plots. These constants are listed in Table VIII. Both the 

reaction rate constant and the hydrogen adsorption equilibrium constant 

adhered closely to the expected Arrhenius temperature dependency. The 

calculated reaction activation energy for the HDS of dibenzothiophene 

was 161 kJ/mol (21,333 BTU/lbmole), which closely compares with the values 

reported by Espino (7), 163 kJ/mol (21,667 BTU/lbmole), and Rollman 

(23), 151 kJ/mol (20,000 BTU/lbmole). The calculated heat of adsorption for 

hydrogen, 87 kJ/mol (11,611 BTU/lbmole), also falls within the range 

commonly reported in the literature (7). The ratio of dibenzothiophene 

to hydrogen sulfide adsorption equilibrium constants did not follow the 

Arrhenius temperature dependency well. The break in the Arrhenius plot 

(Figure 4) implies the difference in the heats of adsorption, (ER- EP), 

shifts near 300 C (572 F). A likely cause for such a shift would be 

that,in addition to hydrogen sulfide,the other DBT HDS products, 

biphenyl and cyclohexylbenzene are in competition with dibenzothiophene 

for catalyst adsorption sites. Under these conditions.a shift in the 

quantity (E - E ) may occur with a shift in the product composition 
R p 

near the adsorption sites. Parallel hydrogenation-hydrogenolysis 

reactions of DBT which produce cyclohexylbenzene and biphenyl, 

respectively, have been supported in the literature (3, 7, 13). The 

two line segments in Figure 4 could represent these two temperature 

dependent DBT reactions, and thereby account for the break in the 

Arrhenius plot. 

The ability of the dibenzothiophene HDS process model, as 

described by Equation [12], to fit the entire non-isothermal set of 

conversion data was also evaluated. The six kinetic constants, A, A , 
H 

v~, E, ~, and C.Ep_-11:>) were fixed at their respective values shown 
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Standard Error 
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Intercept = ln A 

Standard Error 
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in Table VIII. The fitted values of the DBT concentration profile are 

tabulated in Appendix H. Although this model was able to describe the 

isothermal data very well, the non-isothermal fit was very poor. The 

average deviation from the experimental outlet DBT concentrations was 

in excess of 400%, whereas the isothermal errors were all less than 2%. 

By comparison, the n-th order global fit to these data points resulted 

in an average error of about 7%, as shown in Appendix I. The 

corresponding global parameters were: 
1-n m 

A= 1.aa E9 (wt% /PSI /hr) 

E = 5.27 E4 (BTU/lbmole) 

m = 0.82 

n = 0.84 

Obviously, the process model described by :Equation (12] is 

completely unsatisfactory for description of non-isothermal data. This 

inability is due to an inadequate description of the K /K ratio as a 
R p 

function of temperature. The model equation is however very accurate 

when the data are broken down into isothermal groups. The development 

of an accurate product formation model, allowing the proper description 

of the K /K ratio as a function of temperature, and refinement of the 
R p 

effectiveness factor and solubility calculations would result in a very 

accurate and useful single component HDS model~ Such a model could 

serve as the basis for an expanded version, perhaps in the form of a 

summation of individual sections, to describe multicomponent 

hydrotreatment. 

Parameter Sensitivity Study 

Parameter sensitivity calculations were performed in the manner 
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depicted by Figure 1. All the resulting parameter sensitivity plots 

include the individual points through which the curves were drawn. 

Although the curves are theoretical, the points were plotted to indicate 

the specific values of the operating parameter, T, P, or LHSV, at which 

the n-th order global parameters were calculated. These values of the 

global parameters, A, E, m, and n are tabulated in Appendix c. 

The calculations performed at constant temperature and constant 

pressure required the following combination of parameters: 

Kt = A exp(-E/RT) at constant temperature [ 41} 

K APm at constant pressure [ 42} 
p 

The temperature and pressure related global parameters from Equations 

[41} and [42} were calculated from the slopes and intercepts of their 

respective Arrhenius and log K vs. log P plots. These plots are shown 

in Figures 5 and 6, and the calculated values of the corresponding global 

parameters, A, E, and m, tabulated in Appendix C (Tables XV and XVI) • 

In addition to the calculations utilizing the simple objective 

function equal to the sum of residual squares, Equation [40}, a second 

set of calculations was made using the normalized objective function 

described by Equation [43}. 

. (c -c .)2 ··. " fit dat 
FOBJ = i..J C 

. dat 
[ 43} 

This function, which allowed the lower outlet concentrations to be most 

heavily weighted during the data fit calculations, was used to 

determine the dependence of the global data fit results on the form of 

the minimized objective function. The two curves in each of the 

parameter sensitivity plots represent the global parameter values 

calculated using the two objective functions. 
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The general form of Equation [34] described below, 

[44] 

presented problems during the course of these calculations. In some 

regions of the three or four dimensional surface searched by the data 

fit routine,x may become negative. Because Y is not an integer value, 

this condition resulted in a fatal computer error which halted all 

calculations and prevented a converged solution. Two solutions to this 

dilemma were considered. First, Fquation [44] could be rearranged into 

one of several versions of Equation [45]. 

[45] 

This solution was rejected because it did not allow a direct fit to the 

outlet concentration profile. The second solution considered was the 

examination of x before the data fit program reached the exponential 

form (Fquation [34]). In any case where X was negative it was set equal 

to zero, thereby eliminating the fatal program error. In a few cases 

where the outlet concentration was very low the data fit routine 

converged where x and therefore C remained equal to zero. These cases 
R2 

generally arose at or beyond the operating parameter limits discussed in 

Chapter III. 

Another procedure which proved very helpful in obtaining 

meaningful converged values of the global parameters was to set a 

minimum limit on the concentrations included in the hypothetical data 

set. This precluded some of the problems encountered with the 

exponential form of Fquation [34]. 

From the parameter sensitivity curves the only cases in which the 
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global parameter was observed as a constant function of the operating 

parameter were: pre-exponential constant, A, and order of hydrogen 

pressure dependence, m, versus hydrogen pressure. The values of these 

constants were calculated from the linear plots shown in Figure 6 and 

appear in Appendix J. The calculated orders of hydrogen pressure 

dependence, 7.0 and a.o for the two curves, are unexpected considering 

the first order dependence of the intrinsic process model used to 

generate the data set. No logical explanation for these values was 

apparent to this author. 

In Figure 7 the two curves representing m as a function of space 

velocity were nearly mirror images of each other for most of the space 

velocity range. In both cases, however, all values of m fell 

within the range 0.6 to 1.0. The order of hydrogen pressure dependence 

was also a strong function of temperature, with both curves almost 

identically rising from about 0.15 at 230 C (446 F) to values 

approaching 1.0 as the temperature rose to 370 C (698 F) (see Figure 

8). Sonnemans (39) reports that although no explanations for the 

effect of temperature on order of hydrogen pressure dependence were 

offered, several authors reported such effects. 

The fluctuations of the value of m as a function of temperature 

and space velocity is probably not due to changes in the true order of 

the reaction, but to the attempt to describe the contribution of the 

following portion of the process model rate equation to the behavior of 

the hypothetical system: 

(1 + K C ) 
H H 

[46] 

Although the intrinsic model assumes first order in hydrogen pressure 
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dependence,one can see how the observed global order would vary with 

changes in the operating conditions, especially temperature due to its 

strong influence on the reaction rate and adsorption constants. 

Not only the plots of m vs LHSV and m vs T, but all the parameter 

sensitivity curves showed how one could calculate different values for 

the global model parameters, depending on what objective function he 

choses to use. In this case for example, if the hypothetical data were 
-1 

real experimental data collected at a space velocity of 6 hr , one 

would calculate orders of hydrogen partial pressure dependence equal to 

0.695 and 0.910 for the two respective objective functions (see Figure 

7) • 

The global order of DBT concentration dependence, n, varied as the 

operating temperature, hydrogen pressure, and space velocity changed. 

These dependencies are indicated by the curves in Figures 9, 10, and 11, 

respectively. Except at temperatures below 290 C (554 F),all values of 

n fell somewhere in the range between 0.5 and 1.s. As in the case of 

the order of hydrogen pressure dependence, the variations in n with 

changing T, P, and LHSV can be attributed to the attempted description 

of the DBT concentration terms in the intrinsic rate equation by the 

simplified global counterpart ~. 
R 

The variations in these global parameters indicate another likely 

reason for discrepant literature reports. As an example, if 

experimental data following the same behavior as this hypothetical 

system were collected from isothermal runs at 225 C the observed order 

of DBT concentration dependence, n, would be near 12.s, while 

isothermal runs above 300 C would result in values near one. 

Likewise, the dependency of the pre-exponential constant, A, and 
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activation energy, E, on T, P, and LHSV could be attributed to the 

attempted description of the combined behavioral effects of the 

intrinsic constants k, KH, KR, and Kp- These plots are shown in Figures 

12-16. As one would expect, temperature has a strong effect on these 

values while hydrogen pressure and space velocities have relatively 

small influences. 

These operating parameter versus global parameter curves establish 

trends concerning their relationship to the intrinsic kinetics of the 

hypothetical system. A complete family of such curves, each generated 

under a specified set of values for the intrinsic parameters and other 

model constants, would allow some characteristics of the intrinsic 

kinetics to be recognized from such curves. Eventually, by following a 

similar procedure for a host of process models, developed under various 

assumptions concerning rate equations and the physical processes taking 

place inside the reactor, an analysis of appropriate global data fit 

calculations could provide information concerning the intrinsic kinetics 

of a real hydrotreatment system. 

Two important observations are apparent from this parameter 

sensitivity study. First, due to the shallow surface minima, the 

calculated global parameters have large confidence regions associated 

with them, and are sensitive to differences in: the data set operating 

conditions; minimized ojbective functions; forms of the fitted rate 

equation; and data fit routines. These characteristics of the global 

kinetic model are a probable cause for the inconsistent values of the 

model parameters reported in the literature. Second, due to the 

empirical nature of the global models, the values of their parameters 

have no directly corresponding relationship to the true reaction 
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kinetics. The only such observation concerning this relationship would 

be that the global model parameters most closely approximate the 

intrinsic kinetic orders of DBT and hydrogen concentration dependence 

at high temperatures, high hydrogen pressures, and low space 

velocities. 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

Summary 

An extensive survey of the literature related to the 

hydrotreatment of coal-derived liquids revealed a number of reports 

containing kinetic analyses. In these reports several different forms 

of global type rate equations were described from which a consensus 

opinion concerning their analyses was lacking. Although in most cases 

the authors reported acceptable data fit results for one of the global 

model forms, few authors made comparisons to other forms of the model. 

This left the determination of the best form in doubt. In many 

comparable studies contradictory opinions were offered. 

In an attempt to learn the kintics of COL hydrotreatment and to 

resolve the questions concerning the global rate expressions raised in 

the literature survey, evaluations of several kinetic rate models were 

performed. These evaluations were obtained through the analysis of 

appropriate hydrotreatment data fit results. 

The values of the n-th order power-law or global kinetic model 

parameters were calculated which best described each of three separate 

sets of coal-liquid HOS, HON, and HDO data. The resulting values of the 

pre-exponential constants (A~, activation energies (E), orders of 

heteroatom concentration dependence (n), and orders of hydrogen 

pressure dependence (m), were scattered and inconsistent. Other 
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observations from the global model COL data fits were: values of n 

greater than one generally allowed the best fits to the experimental 

data; converged values of A, E, m, and n were dependent on the initial 

estimates of those values and on the form of the fitted function; the 

estimated values of the parameters included large confidence regions 

that were in some cases larger than the parameter value itself; and the 

goodness of fit was not highly dependent on the values of the model 

parameters, i.e., with a parameter fixed at some arbitrary value far 

from its "best fit" value only a slightly poorer fit resulted. These 

observations were concluded to be a characteristic of the global models, 

which are poorly conditioned for parameter estimation calculations. 

The hyperbolic, or intrinsic kinetic model was unable to 

satisfactorily describe multiple reactant feeds unless they were 

treated as more than one separately reacting group. These multiple 

group forms were not investigated in this work. 

A mathematical process model was developed to describe the HDS of 

a model COL compound, dibenzothiophene. This model included the 

intrinsic rate expression found to be best suited for the description of 

the HDS of a single sulfur-containing hydrocarbon. This rate expression 

was derived from catalytic reaction theory in which two types of 

adsorption sites were assumed, one type of site for which sulfur 

containing molecules compete, and a second type of site on which the 

noncompetitive adsorption of hydrogen occurs. This process model was 

able to fit a set of experimental dibenzothiophene HDS data under 

isothermal conditions. The average deviation was less than two percent 

for each of five isothermal fits. This model was, however, unable 

to describe the same set of DBT HDS data under nonisothermal conditions 
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due to an inadequate description of reaction product effects. 

A parameter sensitivity study was conducted in which the n-th 

order global model parameters were calculated which allow the best fit 

to a hypothetical data set described by the dibenzothiophene HDS model 

mentioned above, and subsequently plotted as functions of the operating 

temperature, hydrogen pressure, and space velocity. Several 

observations were aparent from these curves: the global parameters 

were dependent upon the minimized objective function; the global 

parameters were dependent on the operating conditions at which they 

were calculated; and the global parameters revealed no directly 

corresponding relationship to the intrinsic kinetics of the system. 

Conclusions 

The principal conclusions of this work are: 

1. The global kinetic model is capable of fitting coal-derived 

liquid hydrotreatment data with good accuracy. 

2. Global kinetic models are poorly conditioned (do not allow 

their parameters to be sharply defined), resulting in: shallow 

parameter surface minima; large parameter confidence regions; and 

dependence of parameter values on the operating conditions at which 

they were calculated, the minimized objective function, and the fitted 

form of the rate equation. 

3. There is no direct relationship between global and intrinsic 

parameters, specifically reaction orders, except under certain limited 

ranges of the operating conditions. 

4. The conventional single group intrinsic rate expression is 

not capable of describing the hydrotreatment of a typical coal-derived 
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s. The two type adsorption site intrinsic kinetic equation 

may be used to develop an accurate single compound HDS model under 

isothermal reaction conditions. 

Recommendations 

66 

Two significant recommendations for further study related to this 

work were apparent to this author. First, the further development of the 

single component process model would be valuable to better describe 

product formation, hydrogen solubility, diffusion and the effectiveness 

factor, and flow and heat nonidealities. An experimental reactor 

specifically used to allow collection of the data necessary for proper 

refinement of this model would be helpful. 

Second, a properly expanded set of parameter sensitivity curves 

would allow recognition of the specific forms of intrinsic kinetic 

expressions which best describe particular processes through the 

analysis of the n-th order global data fit results. The possibility of 

eliminating the trial and error search through possible descriptive 

intrinsic rate equations would make such an expansion of the parameter 

sensitivity study worthwhile. 
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Consider the following irreversible chemical reaction: 

A+B-->R+P [A-1] 

Assume the following adsorption, reaction, desorption mechanism where s 
represents a catalyst adsorption site: 

A + s<~ As [A-2] 

B + s-> <- Bs [A-3] 

As + Bs -> R + Ps + s [A-4] 

Ps <· > p + s [A-5] 

Define the following terms: 

Ci = concentration of species i in the liquid near the 
catalyst surface. 

kif, kir = forward and reverse rate constants for step i 

ri rate of step i 

Ki = equilibrium constant for step i 

¢i fraction of total catalyst adsorption sites occupied 
by species i, where ~ = 1 - E ¢ i 

If the reaction occurs near equilibrium conditions the step rates may 

be expressed as: 

rB = kBfCB(1 - ¢A -¢B -¢p) - kBr¢B 

r = kf¢A ¢B 

rp = kpf¢P - kprCp(1 -¢A -¢B -¢p 

[A-6] 

[A-7] 

[A-8] 

[A-9] 

Solving for equilibrium constants and fractional adsorption site 

coverages: 

kAf 
--= 
k 

Ar c (1-¢ -¢ -¢ ) 
A A B P 

¢A = KACA ( 1 - ¢A - ¢B - ¢p) 

[A-10] 

KACA¢S [A-ll] 
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[A-12] 

KBCB ( 1 - <fl A - <fl B - ¢ P) = KBCB S 
[A-13] 

c (1-<P -<P -<P ) 
P A B P 

[A-14] 

KPCP ( 1 - ¢ A - ¢ B - ¢ P) = KPCP ¢s [A-15] 

The vacant catalyst site fraction may now be expressed as: 

<P s = 1 - KACA <Ps - KBCB <Ps - KPCP <Ps [A-16] 

Solving for 5: 
1 

¢S = 1 + K C + K C + K C 
A A B B P P 

[A-17] 

Subs ti tu ting for <PS in Equations ( A-11 , 1 3) : 

<flA 
KACA 

= 
1 + KACA + K C +KC 

B B p p 
[A-18] 

<PB 
KBCB 

1 + K C + K C + K C 
A A B B p p [A-19] 

Subs ti tu ting for '~A and <Pa in Equation ( A-8): 

kCACB 
r = 

+KC ) 2 (1 + KACA + K C 
B B p p 

[A-20] 

Combining constants: 

kCACB 
r = 2 

(1 + KACA + KBCB + K C ) 
p p 

[A-21] 
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The ideal plug flow design equation is expressed as: 

[B-1] 

where W is the weight of the catalyst, fRl is the reactant feed rate, 
XR is the reactant conversion, and r the reaction rate. The reaction 
rate equation used in this model is written below: 

Let: 

Define: 

r = 

-we Rl 

fRl 

-wcRlk CH 

fRl (l+KHCH) 

-wcR1kncH 

fRl (l+KHCH) 

-wcR1kncH 

fRl (l+~CH) 

-WC . Rl 

fRl 

Solving for outlet concentration: 

[B-2] 

[B-3] 

[B-4] 

[B-5] 

[B-7] 

[B-8] 

[B-9] 

[B-10] 
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wc 1k nc 
R H 

[B-11] 

if fRl and CRl have units (wt/time) and (wt%) then: 

CRl (LHSV) (V) (p) 

fRl = 100 [B-12] 

Substituting for fRl in Equation (B-11) : 

CR2 = CRl + (1 + Kp(CRl + CPl)) ln CRl 

(kRn - KP) CR2 

K(n) (CH) (W) (100) 
[B-13] 
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TABLE IX 

PARAMETER SENSITIVITY - CONSTANT PRESSURE GLOBAL MODEL PARAMETERS 

p K E n 
H2 p Average Error FOBJ 

1,... n 2 psi wt% /hr Kcal/gmole % (wt%) 

450 2.143 Ell 2.938 E4 1.222 1.513 El 1.064 E-1 

500 5 .682 Ell 3.042 E4 1.233 1.856 El 9.244 E-2 

600 3.184 El2 3.227 E4 1.246 2.685 El 7.045 E-2 

800 4.172 El3 3.502 E4 1.239 4.572 El 4.230 E-2 

1000 2.241 El4 3.680 E4 1.210 5.934 El 2 .811 E-2 

1200 6.983 El4 3.800 E4 1.181 6.517 El 2.141 E-2 

1400 1.580 El5 3.885 E4 1.159 6.765 El 1.841 E-2 

K = APm 
p ·2 

FOBJ = L::tcfit - cdat) 

-..J 
-..J 



TABLE X 

PARAMETER SENSITIVITY - CONSTANT PRESSURE GLOBAL MODEL PARAMETERS 
(NORMALIZED OBJECTIVE FUNCTION) 

p K E 
n Average Error 

H2 p 

psi 
J:-n 

Kcal/gmole 
% 

wt% /hr 
--

450 6.272 E8 2.237 E4 8.305 E-1 1. 239 El 

500 1.107 E9 2.294 E4 8.576 E-1 1.280 El 

600 3.156 E9 2.401 E4 8.970 E-1 1. 343 El 

800 1.937 ElO 2.590 E4 9.425 E-1 1.411 El 

1000 9.068 ElO 2.753 E4 9.656 E-1 1.431 El 

1200 3.486 Ell 2.898 E4 9. 775 E-1 1.429 El 

1400 1.153 El2 3.029 E4 9.831 E-1 1.421 El 

1600 3.366 El2 3.148 E4 9.850 E-1. 1. 397 El 

1800 8. 718 El2 3.254 E4 9.848 E-1 1.382 El 

2000 1.981 El3 3.346 E4 9.839 E-1 1. 374 El 

K 
m = AP 

p c -c ) 2 
FOBJ = L fit dat 

cdat 

FOBJ 

1.385 

1.430 

1.512 

1.656 

1. 779 

1.882 

l.965 

2.030 

2.080 

2.118 

-..J 
00 



TABLE XI 

PARAMETER SENSITIVITY - CONSTANT SPACE VELOCITY GLOBAL MODEL PARAMETERS 

LHSV A 

hr 
-1 1-n rn 

wt% /psi /hr 

3 6.030 ElO 

4 1.562 ElO 

8 2.557 E9 

12 2.004 E9 

16 1.645 E9 

20 1.452 E9 

25 1.314 E9 

30 1. 227 E9 

35 1.163 E9 

2 
FOBJ = I:<cfit - cdat) 

E 

Kcal/grnole 

3. 210 E4 

3.075 E4 

2.882 E4 

2.866 E4 

2.847 E4 

2.835 E4 

2.827 E4 

2.822 E4 

2.819 E4 

rn n Average Error FOBJ 

% (wt%) 
2 

6.303 E-1 8.915 E-1 3.287 E-1 3.422 E-2 

6.650 E-1 8.208 E-1 1.181 E-1 3.873 E-2 

7.148 E-1 5.951 E-1 3.290 3.091 E-2 

7.412 E-1 5.428 E-1 1.456 1.841 E-2 

7.523 E-1 5.090 E-1 9.297 E-1 1.150 E-2 

7.589 E-1 4.937 E-1 7.020 E-1 2.782 E-3 

7.645 E-1 4.914 E-1 5.417 E-1 5.198 E-3 

7.684 E-1 5.002 E-1 4.425 E-1 3. 713 E-3 

7.714 E-1 5.157 E-1 3.747 E-1 2.783 E-3 

-..J 

'° 



LHSV 

hr 
-1 

2 

3 

9 

12 

15 

20 

25 

30 

35 

TABLE XII 

PARAMETER SENSITIVITY - CONSTANT SPACE VELOCITY GLOBAL MODEL PARAMETERS 
(NORMALIZED OBJECTIVE FUNCTION) 

A E m n Average Error 

1-n m 
wt% /psi /hr Kcal/gmole % 

1.975 El4 4.309 E4 8.371 E-1 1.005 1.100 E-1 

7.514 El3 4.250 E4 9.039 E-1 1.0ll 8.535 

3.733 ElO 3.313 E4 8.474 E-1 8.468 E-1 1.984 

8.367 E9 3.104 E4 8.ll8 E-1 7.521 E-1 1.273 

4.009 E9 3.000 E4 7.955 E-1 6.900 E-1 9.509 E-1 

2.248 E9 2.919 E4 7.854 E-1 6.359 E-1 6.810 E-1 

1. 707 E9 2.882 E4 7.825 E-1 6.158 E-1 5.322 E-1 

1.454 E9 2.863 E4 7.819 E-1 6 .136 E-1 4.373 E-1 

1.306 E9 2.851 E4 7.821 E-1 6.216 E-1 3.715 E-1 

. -

I:(cf. -c ) 2 
FOBJ = l~ dat 

dat 

FOBJ 

6.000 E-1 

3.441 E-1 

1.870 E-2 

7.620 E-3 

4.100 E-3 

2.010 E-3 

1.210 E-3 

8.100 E-4 

5.800 E-4 

OJ 
0 



TABLE XIII 

PARAMETER SENSITIVITY - CONSTANT TEMPERATURE GLOBAL MODEL PARAMETERS 

T K m n Average Error FOBJ 
t 

op 1-n m 
wt% /psi /hr % (wt%) 

2 

450 3.329 E-6 1.332 E-1 1.055 E-1 1.339 E-2 5.559 E-6 

475 3 .Oll E-4 2.026 E-1 6.059 4.613 E-2 5.791 E-5 

500 3.722 E-3 2.898 E-1 3.591 1.348 E-1 4.001 E-4 

550 2.985 E-2 4.944 E-1 1.484 7.557 E-1 5.ll8 E-3 

600 5.359 E-2 6.810 E-1 9.333 E-1 6.003 9.221 E-3 

650 7.077 E-2 8.403 E-1 7.048 E-1 1.048 El4 l. 014 E-2 

700 1.204 E-1 9.187 E-1 5.222 E-1 3.831 E9 9.689 E-4 

K = A exp(-E/RT) 
t 

2 
FOBJ = L.:(cf. - Cd ) it at 

co ..... 



TABLE XIV 

PARAMETER SENSITIVITY - CONSTANT TEMPERATURE GLOBAL MODEL PARAMETERS 
(NORMALIZED OBJECTIVE FUNCTION) 

T 

op 

400 

450 

475 

500 

550 

600 

K 
t 

1-n m 
wt% /psi /hr 

6.293 E-9 

3.334 E-6 

3.022 E-4 

3.760 E-3 

3.157 E-2 

7.623 E-2 

Kt =A exp(-E/RT) 

(c -c ) FOBJ = L fi~ . dat 

dat 

2 

m n Average Error 

% 

4.680 E-2 1.574 E 1 1.847 E-3 

1. 331 E-1 1.055 E-1 1.339 E-2 

2.023 E-1 6.057 4.615 E-2 

2.886 E-1 3.588 1. 349 E-1 

4.863 E-1 1.477 7.476 E-1 

6.277 E-1 9.730 E-1 3.858 

FOBJ 

6.354 E-8 

5.559 E-6 

5.791 E-5 

4.003 E-4 

5.210 E-3 

3.325 E-2 

00 
N 



T 

OF 

400 

4SO 

47S 

500 

550 

600 

6SO 

700 

TABLE XV 

PRE-EXPONENTIAL CONSTANTS AND ACTIVATION ENERGIES CALCULATED FROM THE 
ARRHENIUS PLOT OF THE GLOBAL MODEL CONSTANT Kt 

A 

1-n rn 
wt% /psi /hr 

9.621 E94 

2.448 E81 

2.123 ES2 

6.28S E25 

2.28S E8 

2.214 E2 

2.014 E2 

2.431 E2 

2 
FOBJ = L (Cfit - cdat) 

E 

Kcal/grnole 

2.317 ES 

2.009 ES 

1. 327 ES 

6.889 E4 

2.S38 E4 

9.74S E3 

9.745 E3 

9.745 E3 

A E 

1-n rn 
wt% /psi /hr Kcal/grnole 

9.621 E94 2.317 ES 

2.4S2 E81 2.009 ES 

2.131 ES2 1. 327 ES 

6.348 E25 6.889 E4 

2.432 E9 2.79S E4 

3.039 E5 1. 779 E4 

--- 1. 779 E4 

--- 1. 779 E4 

FOBJ = L(cfitc- cdat) 2 

dat 

Kt= A exp(-E/RT) 

00 
w 



TABLE XVI 

PRE-EXPONENTIAL CONSTANT AND ACTIVATION ENERGY CALCULATED FROM THE 
LINEAR REGRESSION OF LOGARITHMIC PLOT OF THE GLOBAL 

MODEL CONSTANT K VERSUS HYDROGEN PRESSURE 
p 

Slope = rn 7.990 6.975 

Standard error 2.123 1.417 

Intercept = log A -9.751 -9.844 

Standard error 6.155 4.266 

1-n rn 
A (wt% /psi /hr) 1. 722 E-10 1.433 E-10 

Coe ff. of det. 0.993 0.997 

2 L.:("fi~ -cdat) 2 FOBJ L(cfit- cdat) 
cdat 

00 
.i::.. 
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C IUCClllP'UL ITI,. THIS AYOIOS ON! l'QlltM OP' Yl:lt't' SLOW CDNWl!lltCl!NCI!. 
c 
c 
c 
c 
c 

TNI P'DLLDWING. IWTlllN&I. $T&Tl!MINT 1S ll:!OUUIO Sl' StlMI COM,ILl•S 
IW&T,l'f, l'Ollt lXAM~LfJ AlllO J"Oll:llDDIN SY DTHll•S IMODCDfll4~ 111. 

llTllN&L PUNtt 

M.1111:0 
MA•o 
M&ao 
MA.AO 
M&•O 
M&llO 

110 
tt I 
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• • 10 

11 

u 

.. 
14 
II .. 

.. .. .. 
ao 
21 

•• .. .. 
.. 
21 .. ,. 
SI 

,. ,. 
•• .. •• u .. 
•• .. .. .. 
•• 
•• •• .. 
u •• .. .. .. .. 
II 

•• II .. ., 
•• .. 

c 
c 

DOUl\.I ,.IClllON P,Y,YllG.H,ICALl,IMAl.IMIN.OILTl,DILMN, 
••• • PO•..i. PL.AMI. PNU. fllLDf. OSOflT. a•c. Cfl I,. , LOI'. fllLMN, 
ALTOL, PACCL., NUCI, IUllD, IUll IT. ITWQ, 011.N. PMGll, PCUT, 
IT,AC ,PTlflM, SCAL."'. SA, Ill YOT. !M, SUM. COS IN, Sa, SC, NH, 
Pllllll, IMI • JrMll, IUNDM, ffl&C, UPP&C, fll.f AC, •IF&C, AMIOW. 

• IDWMI.. O"t&l 1. OMl 111 • oau .. ••Ca 
DOtllLI PAIC IS ION I., •S&YI, XTIMP. GIAD, '1T,~1 TSY, 

IS&W •SIG, ITllM, PM I, l'MNIW, llM&6.f, JrL lM 

TN& DIM&lellDNI 01' THC VICTORS AND MATl.ICIS IAI DPPDSID TD AfllAYSJ ........ 
lt(MPTS,NACTY) IDI ll(t,N&CTYJ 1' KAl.CP.!D.'"11. 
PITIVINllTll IOI FITSYIH ., IC.Al.CP.10 ·11. 
l.(N,'WJ, l.MAllNYI, IMllll NY), DILMN(N'f'J, !IH(NY, NY•1 J, 
llA'f'l I IU I, HI NY I ,MASKT( ltY I, 
GlllADt NACTY I, SC.ILi I NACTY I. 
YCMPTSLl'ITIN~TSl.'f'SICIN"TSI (01 YllCl1) IP' LIOU.Jlll.O), wtc••• MACT'f' IS THI NUM•ll DP ACT1VI IUNMASKIDI 11.n. 

DIMIMllDN PILPDM&,L.PDN8) 
DIMINllD• Yl1JoYSIGl11,PITlll.PITSYl11 
DIMINS I ON ISAYI C 20 I• H( 201, CHIAD 120), MAIKT I 20 J, ITIMP I 20) 

Ul•a CDMMDll ...•. 
COMMON /CSTIP/ II 20 I. IMAl I 201, I-MINI 20I,DILTl1201, DILMNI 201, 

11•120, 211, ,DI"'. NY, NT RAC, M&Ta1, MASKI 201, 
NPMAI, N'LAT, ..IW&IY, MITRA. K'LAG, ND•IP, Kl.Rl'L, ICW 

MARO CDMMDN. , ... 
CDMMDll /NL Ll4/ fl.A .. I, 'NU, •ILDI', llllLMN, MITNO, KALCP. KOIDP', MAU T, 

L.IDU. MJllU•, MJrUPD 
c 
c 
c 

SIT THI lo I •RaaT 'UNCTI DNS iro1 DDUILI PlllC IS I QN ( DSORT. DAIS, DMAl 1, 
DMl•11 DI!: 'Ott SJ·JllGLI PRIClSION ISOAT, &IS, &MAXI, AMlll11. 

... ... ... 
Ill ... 
111 
Ill 
Ill 
120 
121 
122 ... 
121 
121 
121 
121 
121 
121 
1•0 
121 
U2 ... ... 1•• ... 
UT ... ... 
140 ... 
112 
IU ... ... 
141 .. , ... 
••• ... 

c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

OIOIT I AaG I •DSOaT l A•G I 
O&el I aac: I I DAii ( A•G J 
OMAl 11 &•G, ARGI) •DMAI \ ( A•G ~&It.Cit 
OMIN1 I AIC • AIGl I• DMI N 11 AIG, Al«;il) 

llT l'lllD OUAWTITllS 

NYMAI JS TNI MAXIMUM PEIMJSlllLI 'f'ALUI D' NY. IT ls &LIO THI 
DIMINllDlt Of THI &•RAYS X, XMAI, JrMIN, MASK, Oil.MN, 
XIAVIE, M, MASICT, Ci•ACI, AND SCALI, AND THE I' llt . .IT DI MIN-SI ON OP lllL 
TN& llCDND DIMINllDN D' &It.a IS NVMAl+1. 

llV'M&l•20 
CllT COllNI •• M.l.IOUAllT'"I CllTICAL 

AN·Ci,I. GAMM'A SUI 11ao 
CllT•.T0'711 

PLDIP Dll'AULT VALUI . .. "LAMI 
l'LDIP•1 . 

•LTD&. TO&.l•·A•CI ••• A WARNING MlllAGI 

Ill 
112 ... ... ... 
IH .. , 
IH 
Ill ... 
Ill 
112 ... ... 
IOI 
10& .. , ... ... ... 
IT1 

c 

RLTDL•Ll•4 

PACC.L•2, 

HUii• 1. lio 

IZlll•O. 
IVNIT• 1, 
RTW0•2. 

PACC·L &CCILIRAT10111 P&CT.fllll ••• l'CUT 

l'llULM LIMIT •• THI PACT Diil IY WHICH 

I 1!1-P'LAM• I MAY CHA•GI 

HUGI A VllT 1.ARGI ll&L llUMllll 
I Dll'AUL T WALUI 'DA IMAI AND • IMI 11 J 

C NO P'LDATllllG POINT CDlllTANTS ARI USIEO l&YDND TNIS PlltlT. 
c 

c 

ICP'LAD•O 
•O•lft•O 
lTllt•O 
PHI •HUGI 
SC•"UG& 

Hl•?IAC.Gl.•11 WltlTlllCW,10) 
10 l'OU1AT I 41M IMAao. • . l'IGI II NDNL I Nl&lt LIA.ST SOUAlll SDLUT I ON J 

llAC:TV• •II 
IPIN'f'.GT.O .AND. NW.Ll.NYM&X .AND. NY.L&.L.POMa .ANO. 

• NltTl.Gl.1 .ANO. CKALCP.6.T.O .aa. N"Yl.Lt:.LftDMAJ) GD TD 20 
KPLAC••1 
GD TO 10 

IC CHICIC IDMI INPUT OUANTITllS. AN.I llT T'NIM TD ltP'AU·LT WALU,11 IP 
C DllllSD. 
C NACTV • , • NUM•l.a D·I' &CTIWI 1:1.IJ 

20 N&CTW•O 
ID 10 .... I,, llW 

DIUUOAlll oa&.Mlll -'•I I 
1P1MA&k(.JIJ lS0,30 0 10 

JO NACT'f'•llACTY•1 
IP I DIELN .10. IZlltD J DIL.N•O&ll I lt.ILMN• 1 I ..11) I 
lltfl.LN.10.•n•aJ DU.N••ILMN 
IP'CIMAll..11).CT.IMJNl..111) CD TO 40 
IMAllJX I •MUGI 
IMINI .u I• •MUG! 

tO II.II) •OMAI t I XMINI JI), OMUlt I IMAXl .tX l, I( JI) JI 
10 DILMIU "'1 l •DILJll 

l'l•ACTY.GT.Ot GD TO 10 
W:'LAG• .. z 

10 CONTINUE 
WI ITI I llW, 70.INW, N'f'M&I, NACTY, NPTS • LPOMA, L.PDMI, KALICP 

'70 l'DIMATl//21H ILLIGAL IN .. UT YALUI IN MAAO ,4X,IH NY 1, 1:1,1.X, 
• IM •YMAI 1,J:S,IX,IM ll&CTY •,l3/10Jr,7H NllTI •,ll,41.,IM LPDMA 

11 •• Jr,IH LPDMI • 0 11,41.,IH KAt.ICP •,.131 
10 Tl 1:1100 

10 CDNTtNUI 
JPl•T•ac.\.T ... I) GO TD 110 
Wll TlllCW, 10) IMAllC I ..I I,"''', Jl'f') 

te 'Dll:MATl/IOM "t&SK • ,U.'113/141,lltill 
WRITllKW, IOOllll..lt,,.111,llYJ 

100 'IRM&T(/IOM II ,llU.1/l 101,llU'.llJ 
Wll:ITllKW, 1 IO)flMAl(.J) ,.,,11,JIY) 

110 ,, .... ,,,,ON I04&1 I ,11!'1l.l/l101,IEU'.IJI 

Wit.ITU KW, '2011 IMINI "'''"''I, NY) 
120 PDaMAT(/ION XMIN I ,lllJ.1/l IOX,llU.111 

MARO 1,2 
MARO 1'7::1 
MAIO 1'Te 
MA•O 171 
MARO 1'71 
NARO 1'T'7 
MARO 1'71 
MAIO l'TI 
Ml.RO 110 
MAIO 111 
MARO 112 
MARO 11::1 
MARO llA 
MAIO Ill 
MA•o 111 
MAIO 117 
MAIO 111 
MARO 111 
M&ll:O 110 
MARO 111 
MAIO 112 
MAIO 11:1 
MARO lie 
MA.lo llS ............. 
MAIO 117 
MAAO tel 
MAIO 111 
MARO 200 
••10 201 
MARO 202 
MA•O 20::1 
MA•O 204 ••o 205 
MARO 201 
MAIO 201 
MARO 201 
MARO 101 
flt&•o 210 
MARO 211 
MARO 2'12 
MAIO 21::1 
MARO 214 
MAaO 219 
MAIO 211 
MARO 217 
MAll:O 1 SI 

1, MARO 211 
MAao 220 
MAIO 2%1 
MAIO 222 
M&ltO 22::1 
NAIO 22• 
MAIO 221 
MAIO 221 
111&11:0 227 
MAIO 221 
MARO 221 
M&llO 2::10 
MAllO 231 
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II WRITlfKW,UOl(DIUOtfJl,J•1,ll'4') 
I, 120 ,O .. MITl/IOH Dl!LNlfrll • ,&113.1/(101,1!11 IJt 
It 11!fa.I 11I!CW,1 •0 I fill¥, NllTS. LllOMA, Lll'OMI, tlllT•AC, Mt!'THD, ICALC'" ,KO•OI', 

• llliPLAT.N,.MAl,MAXIT,-..•SUl.ClllT,•ILD,,•!LMN 
II 140 l'OltMATl//IH 10 &,14.SX,Tl't H"TS •.lf,5l,ll't Lll'OMA 1,Jl.ll, 

IM Llli'OMI •,J4,Sll,I .. NTllU~C t,12,Sl,&1'1 MfTHD •.13',IX,&H KALC' 
EJ//IH KO•D' t,I2.ll.AH Nf'LAT z,J2,ll,IH Nl"MAl •.r1.1x. 
IH Mf.llT 1,IS,ll,AM MISUI •,14//iH CIUT •,112.l.ll,IH •ILDP' 1, 

!12 1,l•,IM .. IU4M 1,112.IJ 
'70 110 JY.Ul'f' •0 

SET l'MCN. JI' NICISIA•Y, IH51t:T P'\.AMI ANO/QI l'ACCL. 

" ,. ,MGN• .. UN IT 
UPliilU•'llllU 
DOWNU• l'llllU " .. ,. ,. 
Hll'LAMl.Ll.IUl•GI P'\.AMl•l'LDIP' 
ll'(M!TH0.&.1..0) ,LAMl•IUUtO 
lllMITMO.NE .11 l'ACCL••UNJT 

c 
c 
c 
c 

COMllUTI TMI! tlllTIAL C:DOGNISS DI' "IT 01' THI MODIL TD THI' DAT&. 
CA.LL PU1'C t·a CA1.CU\.ATI THI ~ICTO• or l'ITTIO ¥&\.UIS. 

CALL l'UNC_, ll'UtH.,T,YSIG,N•Tl,1'1T,llHll 
c 
c ,, JC,., WI' . . • IOUlY&LC•T MUMalA a·, CALLI TD l'UNC 

_,. ll'(NTRAC.CI •1) WR1Ttfl(W,110t"H1,,L.&MI 
•• 110 FOflMATI //2,lil "" l I Ttoll. SUM O' sou&•ll) • , 111 .••• , •• '" LAM•DA •• 

lt2~1//1M J 

•tGltf 1Hf NIXT lTllltATlO•. 
THIS lS THI INT•v "'OHIT &l'TUt A SUCCllSP'UL ITll' JP THI CDNYIRGINCI 
CRITEU01' IS NOT •IT, 

11 1'70 JSU••O 
12 rcuT ••TWO 
13 lTt•nTl'. .. +1 
14 tl'fNT•AC.GE.11 WIUTICkw,1aot1TIR,l'MCN,ll'L.AMI! 
., 110 ,O.MAT(//1IM l'IGJff JTellATION,11,••x.nc '"'GN •.112.S,ISX. 

IH LA.MIO& •.112.1) 
SI l'fNTRAC.Gl!.:JI W .. JTllKW,1101 
l'f 1t0 l'DltM&Tl/2tH II (THI .l&CD81All MATRIX) ... /Ht 

UUTIALIZI 11'0 .. THU 1Tlt: .. &T1DN. 
II ST,AC ••UN IT 
II 00 200 .JM• 1, N&CTV 
10 C:•AOI JX I ••ZllO 
I 1 DO 200 KX •I, olX 
12 200 IRalJX,KXJ·•4Ul.•D 

CALL DUlU IOlll CALCO) TO CDM,UTI TM! JACOllAN N&Tauc. "· 
DlltrV 1S CALLED N"TS TU41S I' KALCP'•• t. 

llCH'IJG( 1) 
DO 2't0 ..IJIT• 1. N"TS 

KPT•tll'T 

n .. 
II .. IP'CKAL'CP.LT.OI GO TO 2tO 

1'7 l P & J'T, NI. 1 I C:O TO 2:10 
II ltO KPT 1 t 
II 1PlllDRDP".t.~.2J CO TO 220 

100 CALL CALCD (J,.T,,,L,DMA,LflDMIJ 
1et GD TO 230 
t02 220 CALL IU!IUY lJ•T,~UNK,NPTS,P'lT.1'"11'SY,,,L,DMA,L'0Mll 
10:1 2:30 CONT J HUI 
10• 1' I NTIUC. GE. l J WJtlTIC KW, 240)JPT, ("I KftT, .JX J, JX• I, NACTY) 
101 210 l'OA..iATIU:,J3,2X,l&tS.i/(lllL,81'11.iJ) 

CQMllUTE OSJ,V ANO Ga&D. 
••&v. WHICH IS STD .. ID IH DNI HAL.I' DI' THI a .... ., •••t•.•J. IS i-T••. 
GRAD(•} JS HA\.P" THI C .. ADIINT 0' JIHI. 

IOI l'(LIOU.10.0J SJ.CIYSl;{JftT) 
10'7 RTllUOll'lT(JJllTl•¥fJftTJ)/SlC .. 2 
t08 DD 110 JX• 1, N&CTV 
101 G-lll:AO( JX) • CRAC I JX J+P'-1 K•T. JI I •llTl'RM 
110 JITIU41ftfK,..T,JXl/S!C••2 
111 DO 2'10 Klt•1,JX 
1'2 2•0 flUll..lll,Kl)•UtJtlJX,KXJ•ftllC"T,Kl}•,.fl .. Jllll 
t1) 210 CONTINUE 
1U 210 CONTINUE 

l:ISTOJtl 'fT l' JT WAI DISTI0¥-10 IN DllH'. 
ltl 1P"11l01DP.Nl.21 C:Q TO 210 
t11 ll'lltALC,,NE.O) c:a TO :zao 
tU CALL l'UNC ll'UNK,Y,YSIC,llll,TS,'1T,,Hl) ,,. . .... ,., 
111 210 N'•N,+NAC'TV 
120 · 210 NP •Nl'•NACTV 

COJ•.,UTI THI ICAL.1 l'ACTOAI AND S'TDIU T"IM IN DSLTJl1• I. ICALI C .. AD. 

111 00 JOO ..11•1,NACT\I 
U2 S_CALJ•OSORT IE• .. ( .n:, JX)) 
12:1 JF(SCAL.J.l·O .. :u ... at SCALJ•illUNIT 
H• DILTXl.11C)zSCAL.J 
t2S 2100 C: .. AD(Jl)•C:•AO{.Jlfl/SC&L..J 
UI ll'INTllAC.C!.tl WRIT!IKW,310l(C•AO(JXl,JX•·1,N&CTVJ 
11' :110 '01lMAT(/21H SCA.LID CRADJ'!.NT • .9111.T/-l21Jil,ll11.'fJJ 

SCALI' OSAY. THI DIAGONAL U.l·Mll!NTS QI' OSAY A•I SCALtO TO UNITY 

121 DO llS J••l,N&CTY 
111 DD :no KX•l,.JX 
UO l••t:••t JI, 10&: I /I GIL. Tl f ,.111 •DaLTl I Kl I I 
"' tl'IKI Nl.JXI ca TO 320 
U2 ,, I SA .10. IUID) GD TO :no 
t33 SA•aUNJT 
U• ca TO JIO 
1JI 220 Il'tOAl$fSAl.LT.•U•IT•RL.TOL.I ca TO JIO 
1':11 JJO CONT tNUI! 
127 JrtNT .. AC Cl.•21 WUTlfKW,lCO)Jl,K.1,l&,ITlllt 
121 J•o l'DR·MAT13&M •••••••• .,DSSllLY DANGIROUI .. &LUI OP' • 

11M CDl!lfFtCUNT ... ,l•,IM OSAV(.J:li,1H,.12,JM) •,Rtl.T,IX, 
10M ITl•AT JON, 11 I 

131 :llO lllllRIJl,ICll•SA 
UO 211 CDNT INUI 
Ut f'IWT•&C.L.T.21 CO TO JIO 
U2 WRITl(ICW,310) 
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M••o ... •••o •n •••o ... .... 0 UI 
..... o ... 
"'""0 .. , 
MAll:O UI 

""""0 2ll 
M&RO HO 
MARO ••• ....... ... 
MARO . .. 
MAlllO ,.. 
MARO ... 
MA•O ••• 
MAOO . ., 
MAIO ... 
MARO ... 
MARO 210 
MAlltO 21 I 
MA•O 212 
MAaO . ., 
MAJIO ... 
MARO 211 
MA•O ... 
MARO . ., 
MARO ... 
MARO 251 
MA .. O 210 
.... 0 ... 
MARO 212 
MA .. Q ... 
MA .. O ... 
MARO .. 
M&aO 211 
flfAlllO 211 
MA•·O ... 
NARO ... 
MARO no 
....... 0 ... 
MARO 2U 
M&•O 2'3 
M&"O 2'7• .,.ao 2'1 
MARO 2H 
MARO 2-r·., 
MARO ... 
MARO ... 
M&lllO 210 
M&·RO ... 
MA•• 212 
MARO ... 
MAAO ... 
•Alto 21-1 
MAAO ••• 
MA•O .., 
MARO 2H 
MAIO 2U 
MIRO ... ....... ... 
...... 212 
MARO 213 
MARO 2•• 
Ma AO ... 
MARO ••• MARO 201 
MARO 2U 
MA•O 2U 
MARO ••• 
M&•O lOt 
MAIO • •• M&JllO ••• MARO ••• 
MARO ••• MA·lllO ••• MARO .. , ...... 2oa 
MAlll.0 ... 
•&Ro ... 
MARO •tt 
MAIO .,. 
M&"O ... 
MAlltO . ,. 
MA•O ... 
MA .. O ... 
MA .. D . ., 
MA"O ... 
M&ltO 311 
MAlllO ... 
MAtlO ... 
MAltO ••• MA•O ... 
M•tto ••• MAtlO ••• MAlll:O ... 
MARO . ., 
MA .. O ... 
MAao ... 
M& .. O ••• !llllA .. 0 ... 
llllAlltO ... 
MARO ... 
MA•o ,.. 
MARO ... 
MARO ... 
MARO . ., 
MARO ••• MARO ... 
M•RO ••• 
Ma•o ... 
M&lllO ... 
M&JtO ••• ...... o ,.. 
MAltO ••• •••o ••• MARO .. , 
MA"O ... ..... ••• MARO ••• 



... ... ... ... ,., ... 
IU 
.. 0 

.. I ... ... ... ... ... 
111 ... ... 
110 ... ... ... ... 
Ill 
Ill .. , ... 
Ill ... 
"' ... 
IT> 

... ,,. ... 
, .. 
l?I 

"' ... 
Ill ... 
••• ... , .. ... .. , ... ... 
110 

"1 ... , .. , .. ... ... 
'" ... ... 
••• JOI 

••• 202 
204 ... ... 
201 

••• ... 
210 

... ... ... ... ... ... .,, ... ... 
220 ... ... ... 
••• 221 

••• ... 
••• ... 
... ... ... ... ... ... ... 

• • • • • 

... ll'DaMaT I I••" OSAY t PT•-, SCALID, WHl•I • II TM• "'ACDll&tfl .... /1H I MA•O ... •• ... ,,ll-s1,NACTV M&aO ... ... w•I Tl!' KW, 2•01.u. I UUl:t .... Kl I ..... ' .... , MARO ... 
HO •• ... Jll • i. NV ...... . .. ... asavl(,ul••t-'•I M&llO ... 

t•tTl&LJZI! MAllCT ••• ll&CT • M&•O ... .. o ll&CT•NACTV MARO ,., 
•• • 10 JI If, llllY MARO ... 

••o M&IKTl.JX)•JllASK(.IXI MARO ... 
MARO ••• CDllf osav INTO 0 ••• G•&D INTO H' ••• UT , .. DI AGGNAL l!LIMIMTS •• 0 Maao ... 

TNIS IS TN( , .. , .. 11'0 INT ... SUllTt:a&TlONI IN W"ICH 'LAMI IS MARO ... 
1•c•1as10 •• CDNIT1'AIMTS ••• IM~OllD. MAllO ... 

MARO ... ... Kll&JH,10 MARO . .. 
JO•O MARO ... 
JT10 MARO ,., 
•• llO JI• 1, JllV MARO . .. 

"(MASKI.II) .NI.OJ •• TO ••• MARO ... 
JO•JO•t Maao ... 
IP'IM&IKTC,at.Jlll.OI 00 TO 110 NARO .,, 
.,,, • .,,. t MARO ... 
N(,.IT}••Glt&DtJOJ MAltO ... 
KO•O NARO ... 
KT•O ...... ... 
00 ... kl I 1, JI MARO ... 

JFIMASKIK:rJ ,Jll.OI 00 TO ••• tuao . .. 
KO•K0•1 MARO 271 
1"04ASKT(IOC1 .Nl.O) •• TO ... MAaO ... 
"T •KT+ 1 MAIO ••• 
IA•l!UUJO,KOI MARO 311 
JF(Kl.Nl.JI .OIL SA .10. ltZIRO I GO TO ••• MARO ... 
SA•ltUNIT•,L&MI MARO . .. 
Klt&NK•Klt&NK•I M&ltO ••• ... lltR(KT,JT•t JllA M&ao . .. 

••• C:ONT IflUI MARO ... ... CDNT I NUI M&ltO 31T 
M&ltO ... 

SDLYI THI NOJtM&L IOU&T IONS ••• H • TH! l:Dltltt:CT I ON VECTO". MARO ... 
1eaao ••• 

Jll•M&L tO M&llO . ., 
MMU•N&Cf .. 1 M&ll:O . .. 
l'(NMU.IO.O) •o TO ... MARO ... 

M&ltO . .. 
l•OUCI THI STSTIM TO tft:J&MGUL&• "OltM. MARO 311 

UTILIZING THI IYMMITIU •• TM• M&Tltll, M&ltO ... 
00 ••• .J• 1,NMU 

P.1VOT•UU:(.l,.J•1 l 
I'll"JVtJT.!O.llZllltD) GO TO ••• 
J,.U•J+ t 
DO .,. K• J,.U. N&CT 

IM•llUtlJ,1(•1 )/,.IVDT 
lP'(IM.10.ltZl!JIDI •• TD 170 
00 ••o L•K,NACT 

410 ••• (K, L• 1 I •llltlt( K. L• t) .... uu..1. L• t J•IM ... N (KI 1 H (KI •HI JI• IM ... C:DNTlllUll 
00 TM a IA.Cit IDLUTIDll. ... 00 no ..llNV•', N&CT 

J•(•&CT+11'"..llNV 

~IYDT•IRa(J,J+l l 
O'(PJYOT.1.1.RZl!lltG) NSMAL•NJM&&.+1 
lfl,IVGT.NE.fUERGl CO TO SOO 
M(..llO:ZUlO 
C:D TO 130 

100 SUMO:Z!•O 
,,,.J.10.JfACTl ao TO l:ZO 
..IPU•.J• 1 
DO 110 K•JPU,tt&CT 

110 IUM•SUM•l•IU..l,K+l )•M(KJ 
120 M(..l)•(H(.Jl·SUMJ/PIYOT 
13• CONTlliiUI 

., TMI COIPfl'ICllNT M&TAU WAI •&Jue; Dll'lCllNT. ~Run A MISSAGI. 

Mlt&MIONAC'!' •NSMAL 
I'(M•&NK.10.H&C::T) 110 TO 110 
COSl·M•MUCI 
ll'(NT•&C.GI •2) WRITl!(KW,ICOIMll!:ANK-,•&CT, ITl!tl 

110 l'DAM&Tl/4tM 111:.INK'"Oll'ICl!NT ND"M&L IOUATlDNI IN MA"O.,IJl,"PM •&NK 
• l&,.,X, 11H D"OEll OP M&TlllJ.)I. •,l•,IJI, 10" ITl•AT1DN.JC) 

ll'fMRANK.CT.OI CO TO 110 
llCPl..IG• ... 
GO TD i2'00 

110 Il'(MIT"D.CT.O .&NO. M•ANK,LT.llClll&•KI CO TD 110 

UNPACK AND Dl .. SCAl.I THI CORRICTJON Y!:CTOill H. 
CDMltUTI TMI JNNIEll 'RDOUCTS SA, SI, ANO SC. 

110 IA•"ZllllD 
Sa•RZIE•O 
IC••za•o 
ICllfrlV 
KO•NACTV 
.:T ••ACT 
DO 110 ..IJI 1 I• NY 

MM••JERC 
IP(M&Sll:IKXJ .Nl'.01 CC TO SIO 
l,.M&SKTIKXl .Nl.OI GO TO 170 
H"•Hf KT J 
SA•SA•HIOGRADIKOJ 
S8•18+H"•Hk 
SC•SC•G••Dl1tOl••2 
MH•MH• l'MCN/DIL TX I KO j 
KT•KT • 1 

l"PO KOlll:.o .. 1 
110 MllKJll•MM 
SIO KX•KI • 1 

ADD TMI CORa!CTIDN VICTOR TD TMI ,.A".t.MITlill YICTDlll &ND 
CHICK '"011l CDNSTillAINT VIOLATIONS. 
TMll 11 THI !NTlll'f' ,.DINT JIOLLOWING I CUTS TEP. 

100 CD•T I NUE 
ll'INTill&C. Cl. 1 I WIUTl(KW. 1101 I Hf ..111,..11•1 ,lllYI 

110'0•M.&T(/'7X,11H ca••t:CTION .UU.'7/12la,llU.1IJ 
M&CSY •N&C:T 
l'illMJN•lllUNtT 
MLDGI' •0 
...11.IM•O 

MARO . ., 
MARO . .. 
M&llO ... 
M&llO 400 
M'&llO ••1 
MAAO •02 
M&ltO •• .. .... o •·O• 
MARO • •• ...... • •• 
M&llO • •• 
M&RO 00& 
M&aO 401 ..... • •• 
M&aO •1 f 
MARO 112 
MA•O 113 
MARO 11& 
MA•O 411 
M&•O •11 
M&•O •17 
MA•O .t II 
MA•O &ti 
MAlllO 420 
MA"°O C2 I 
MARO C22 
MA•O •21 
MAAO •2• 
MAao •21 
MARO 621 
MAlll.O 427 
MA•O 421 
MARO 111 

• ,M&•o •Jo 
MA•O ill 1 
MA•o •:n 
M&•O 4:U 
MARO 431 
MARO &JS 
MA•O Ill 
MA•O 43'J' 
M&ao 4:u 
M&•'O 1:11 
M&llO 110 
MAao 111 
MARO 442 
M&•O l.tJ 
M&aO ••• 
MA•O •'41 
MARO 411 
M&•O 147 
Matto ••• 
M&tlO &&I 
M&AO 450 
MARO II 1 
M&lllO 112 
MARO 113 
MARO Ill 
MARO ISi 
MARO 411 
MARO 117 
M&lllO •SI 
M&tlO Ill 
M&tlO &10 
M&•O 111 
MARO •12 
MA•O •ll 
M&tlO &14 
MA•O 411 
MARO 111 
MARO ll'J' 
NARO Ill 
M&•O Ill 
M&•O l'J'O 
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I~., 120 OD '20 JI• I. NV MAllO •'71 
2211 JFIMASKTtJXJ.rn:.01 GD TO,,. M&ao •'72 
2il ISAY• XSAYI t JX J MARO a'73 
tao I.Ml ....... I .a I titallO • .,. 
let INN•l.-MIN(JI.) MARO 471 
l&t MM•M( .fl) MAllO 411 
2.CJ IPl(XS&lll,&.f.IMI' .Olt. MM.Ll.att:ltD) .ANO NAAO .,., 

(llAV.GT.JMN .Oil. HH.li.E.IUllllOIJ GO 'fO 140 MAllO 4'71 
244 MASkTIJll•1 NA•O 479 
241 lf&CT ••AC"l'• 1 MAilo ••o 
241 llJll•llAY MAllO &at 
,., H'INn1ac.c1.•t) W•lf"KW,llO)Jl,ISAY.tf11l M••o 412 
2&4 IJO P'OAMATll•H ,.. XI, 13.0IJ ,1!12.5.22H TIMll'DRAlllL.V, TD AW01D, MAlll:O 41:1 

2•M VlDLATJJIG A C:DNSTll&INT.,21Jl,10" ITlll&TlDN,111 fllAllO 414 
zat CD TO '720 MAllO 41• 
2SO 140 ICLIM•Xl&V•MN•l"RMIN MAllO 4111 
211 Jl"tJX.lf&.JXl.IMJ GO TO 110 MARO 411 
:tl2 ll"IKINOJll0,110,110 MAAO illl 
213 ISO l(..tXl•IL.lM M&llO 411 
214 Jl'"IXLlM.Ll.XMll GD TD l'O MARO &10 
211 110 XIJXJ•llMI MARO •11 
211 JIND I 1 MA•O 412 
:Z.S.T GO TO 110 MA•O •Ill 
211 170 tl'(JILJM.Cl!.JIMN.J GD TO '20 M&ao ••• 
211 110 X(..IX)•IMll MA•O •II 
210 JINO•• t MARO olll 
211 110 lP'(Jll.lfl.JH.IMI C:O TO 110 MAAO •1'7 
212 J1(1fTRAC.L.T.•11 ca TO '720 MA•O •11 
21:1 WAJTEIKW,700JJX,ll1Jll),l'lll!M(N,1TI• lltARO 411 
214 'OO P'O•U4&Tl/21M CDNST•AJNT Yl·OLATIO •• II, 13, Maao 100 

20HI. YALUf AfSET TO ,IEll.&,24M USING CUTSTl!ll ,.ACTOR• ,112.IMA•O 10, 
,llll,IH ITl•.,llJ MA•O 102 

211 GD TO ,.20 MARO 10:1 
211 '10 IP'(NLDOP.NE.OI CO TD '720 MARO 104 
217 Ol!HOM•JlLJM•ISA\I' MARO IOI 
2·11 ll'fDU•DM.10.ltZl•Ol ao TD 12'0 MARO 1011 
211 'AAC•IXIJll)•lSA\'l/Cl·ffOM MARO 107 
110 lftP'R&C.CE.F"MlNJ ca TD '720 MARO IOI 
27 I ,RMU••'RAC MAllO IOI 
27'2 ..llL1M•.JX MAltO ltO 
2't:I Kl .. D•JIND M.&RQ 11' 
271 720 CDNTlNUK MARQ 512 

M.1.110 lt:t 
II' THI llROllOSIO STEii WOULD '1'101.ATI ANV AL•EAD'f' .&CTf'll CONIT'Jt.AUITS. MAllO •1o1 
,IX THDll C:GfrlllPONl.HTS Of' H tOUAl. TO ZIRO AHO •ICOMllUTI 'TH-I NIARO 111 
OTHIA c-OMlllCINCNTS. •••o It I 

MA•O S11 
271 IFINACT.CT.OJ CO f.Q '740 MAJtO 111 
2'tl K''LAG'S3 MAJtO S11 
27'7 1 F OcT•AC. ~ T • 2 I G1t TD 1200 MAiito 120 
l',I W•ITl(KW.'7JO) MA•O l%l 
2'H 1:10 FOltMATC////4'?H AP~AltlMT CONSTR&UllD OPTIMUM LllS Ut A CD'llt.NIA.) MAllO 52:2 
1ao co TO 1200 •AitO IZ3 
211 140 l'fN&CT.LT.N&CS'I') CiO TQ 420 MAltO 124 
2&2 ll'INLDOP.Nl.O) ao TD 110 MARO 121 
21:1 N\.OOP• 1 MARO 121 
214 1P'l.JXLJM.Nl.O) GO TD 120 MAR·O 121 
2•1 'JSO CONT 1 HUI MARO 121 
211 IP'INTRAC.Cl,IJ Wlt1Tl(KW,110)1X(Jll..IX•l,NYJ MARO 121 
21'7 110 ,DRMAT{/11X,IK X • ,1111.1/(2U,Htl.TIJ MAAO 120 

CALCULATE THI NIW P'ITTID l'ALUIS. ... ... 
HO 

C::.l\1. f'\.IMC lP'UNll:,Y,VSIC,Nl'Tl,,JT,PMlllllW) ...... ,..' 
J, ( PHNl!W•PHl }130, '7,.0, 710 

THI NIW VALUI OP' ll'HI IS ll&CTl.T i!OUAL TO THE OLD V&LUI. 
CHICK 'Dlt CONVIACINCI UNDElt THI N'LAT OllTlON. 

2tt ,10 lP'IN'LAT.10.0J GD TO 130 
212 K'LAG•2 
llJ IFINTRAC.LT.•11 GD TO 1:10 
J•4 Wll:ITl!llC.W, 7101 
111 110 P'ORMAf CI I 41H C:ONYlaCENCE ACM ll!VIO UNOlll THI N1' LAT D .. Tt DN. I 
211 GO TD 130 

TMI NIW VALUE OP' PHI JS C"IATlll TNAlf THE DLO YALUI. 

211 710 CONT J NUI 
Ill JPINTAAC.CE.tl WAITftKW,100) .. Hl,ll'HNIW 
Ill 100 P'OR·MAfl/23JC,tOH DLD PHf •,!tl.l,IX,tOH NIW llHI •,K11.ll 

CHICK WMITHIA .iSUI MAS IXCllDID MXSUI, 

,.0 .llUI I JSUI• t 
201 JPCJSUl.CT .MJISUI) CD TO 110 
:102 "tMITHGlllO, 1010.&IO 
303 ltO K'L.0.G••\ 
304 J"MTllAC.Cl.•fl WllltTlttc.W,110JMlCSUI 
JO• 120 ,OIMAT(//42H IXCE!DIO MAXIMUM· NUMl!R D' SUIITt:llATlDNS •, 13, 

IH It.: MARO. J 
lllSTDal J TD THI &.I.SE llDINT, 

J,01 130 DO 110 JX• 1 ,NY 
:107 140 l(JX.1'lSAV!! • .DCI 
301 CALL PUNC (FUHK,t.TSJC,NllTS,rrT,PMIJ 
:101 GO TO 1200 

THE Nl\llf "IT IS WDISI THAN TM!' OLD l'IT. CO.M .. UT! CDSlJit, TMf l;OSJHI! 
or THI ANGLI llTWIEN THI SC.1.1.!D GllAOJINT &NC TH! SC:ALIO" CQlllllCl ION 
YICTOll. 

21• 110 OINDM•S19SC 
:111 IPCD!NOM.L! •t!llUl'I ca TO 110 
:112 COSJJtaSA/OSOaT(O!NO·MJ 
:In JI' I CDS IN. GT. ca·n l GD TD 110 

3•• ••o u11r.&C•U .. NU 
211 UllNU•OMJN,IUllNU•llTWO.,.NU) 
3U f'lM~THO.I0.11 Ull',&C1qJ1iUNl'U"'AC,P'NULM•·IUMITl'LAMll 
:11"' P'LAM••'LAM8•U~'AC: 
:111 1"lNUAC.G!. t) w•rT!(KW,1701.1$Ul,COSIN,,.LAMI 
2U 170 '0Jl:MAT(/tlN •••• SUllTltlATION, 13,4X, l7N P1Cll:!&Sf LAMBDA. ,•I, 

220 

c 
c 
c 

IJM CQSUAMMA) •,112.1,ZIX.IM LAMIDA •,!12 SJ 

GD TD 400 

GD IAC:ll A•D ,.OU4 TM! NORMAL IOUATIGNS 
UIJ•I -A LAllCIR ¥A.LUI DI' I.AMID&. 

MAllV n1 
MAllO ... 
M&•O .,. 
MAAO ., . 
MAIO .. . 
MAIO ... 
MARO 137 
Maao Ill 
MAAO ... 
MAlt·O ••• 
MARO .. , 
MARO ••• MAAO 10 
M.&ao ••• 
Ma•o ... 
MAAO ••• MARO ... 
MAAO ... 
MAltO ••• MAaO ... 
MARO ... 
MA•O ... 
...... Q ... 
MAlltO ... 
MAllO ... 
MAll.O ... 
MAllO ... 
MARO ... 
MARO ... 
MARO 110 
MA•·O '" MAAO ... 
M.lllO ... 
Ma•o ... 
MARO ... 
MAao ... 
MARO '" M&ltC ... 
MAJl:Q ... 
MAltO 570 
MARO 171 
MA•O ... 
M.&•O ... 
Ml.AO .,. 
MARO ,,. 
MARO ,,. 
•••o .,, 
MAaO ... 
MAJIO 171 
MA•o uo 
MAllO .. , 
MAllO 112 
MAllO ... 
•••o ... 
1111••0 ... 
....... 0 ... 
MA•O ,., 
MA•O ... 
MAllO ... ..... ... 

90 



... ... ... ... ... ... 
U? 

••• ... ••• 
... 
.,. 
••• ... 
••• ... ... ... .,. 
••• ... 
••• 

... 
JU 

••• ••• Jo? ... 
••• ... ... ... 
JU ... 
JH ... 
JS? , ... 
Jlt ... ... ... n• ... 
,.. ... ... ... ... 
'70 .,, .,. .,. ... 
lU .,. 
l?? .,. .,, 
••• ... 
Jt2 

... 
••• ... 
••• ... ... ... 
HO ... ... ... ... ... ... 
... 
JU ... 
••• 
••• 

••• ... ... 
••• ... .. , 
••• ••• 
410 
111 

c 

COSIN II Gllll&Tllll TMAN CllllT. CUT TMI M.&GNITUDI 01' THI STl:P. H. 

160 IT,.&C•STP&C/l"CUT 
!PIMITHD.Cl.OI CO TO 110 
PMCN•PMC.lri/l'CUT 
co To too 

Ito r~IJoltTHO.t:0.11 PL.AMl•l'L.AMl•RTWO 
100 00 ttO .JX11,HV 
tlO H(JX)•(XfJX)•XS.1.Vi!.l..llJJ/l'CUT 

l'CUT•~CUT•l'ACCL. 

IP' I NT•.&C. GI:. 1 I Wiii Tl I KW. 120) .JSUI, COS IN, SH'.&C 
120 1'01tMATl/11H •••• SUllTUlATIGll,l:J,4X,1'H TAK! C:UT STli'l.,41, 

13M COl(GAMMAJ •,112.l,la,17H CUTSTI:' l".&CTOa •,112.11 

GO l&Ctc ANO TRY A IMAL.L.llll C:UTSTIP. 
CO TO 100 

THI VAL.UI D·r "" t MAS OICllllAllD. TR't' A HALf ITI,, 

tao lrtMITND:t:o.o .OR M!THD.I0.21 GO TO 1010 
oa 140 JI·• 1 • 1n 

JITIMPl""Xl•ll.JX) 
U'(M&StcfJXJ.Nl.OI C:O TO e40 
11 .II J. XIA y E' J. ) • I JC ( J JC I .. xs.a.v I [ .J. ) J /lllTWO 
1(.111 •-0.MAX I ( IJolJNIJX I .OMINt I XM.&XCJI) ,X(Ja) J) 

ltO CONT I NUI 
00 110 .IPT 1 I , Nl"'1'S 

110 rrTSYl.IPTl•ll'ITl.Jl"Tl 
CALL ,.UNC l'UNK,Y,'t'SlC,NPTS,P'IT,,14ALP'I ,., .. ,., 

Ull OUAOlllATIC INTllt,OL.A.TION, IN OlllOllt TD TRY TD •l,1111!1 THI 
l'OllTIOM D, THI MINIMUM 0' PHI. 

fU,,..&C•IUNtT 
Dl:WDMtJ:TWC• 11 l'HNl!W•PHAL, J • ( PMAL.,•PK1] l 
ST~.&C:•RZti.a 
1'1Dl!NOJol.LE.1UlltCI) CO TD ltO 
STP .&C •I PH [ •"HN£W )/Dl!J.:D~ 
ASP .&C • (RUN I T•S-TP'AC I /AT.WO 

DO NOT IXTa.&POL..&TI!. 
JP'(STP&C.Cl.lllUNlTl ST,AC•llZllllD 

110 DC 110 JI• I ,NY 
N(JX}•X(.,fX) 

9?0 XI JI) •X( JXJ•I XT.l!MP(,.IX I ·ll.JX) J•STP'AC 
I"'Pto!AL.1'.Cl.,HNIWI GO TO 1010 
lltL.P'AC•RUWJT/RTWO 
.JSUl•JSUl• 1 
DO tlO JJI• t ,NV 

•10 XT!MPIJXl•H(.JX) 
00 110 .,,,, • t, NPTS 

110 ll"ITSl.{-'PT)•'IT(J,.T} 
ti' l •TR·AC. GI. 1 l W• IT! I KW, 1000) l'HN!W. PM.AL' 

1000 ,.D.MATl/21H HAL.P' STll' SUCCIRDIEL, 111C.IM PM•IW •.1u.1.1ax. 
a IH l'MALP' •,1!11.IJ 

PHNIW•JIHAL P 
1010 lPlST,.AC.10.RZl!RDJ ca TO 1020 

CAL&. 'UNC lfl'UNK,Y,YSIC,NPTl,fllT,PMt) 

llfl'&NP•1 
1rtPHLLT.PHMIWl ca TO 1010 

1020 DO 1030 -'X • 1, NV 
tOJO lll(.llll1•JCT!MPf.JX} 

00 10&0 ..ll'T• 1,Nl'TS 
10AO 'fT[J .. T)•l'tTSYIJ,T) 

l"ISTP'.&C.10.RllllD) CO TO 1010 
IP'fNT•.&C.L.T.1} CO TC '010 
WRliE{KW, tOIO)ltSt'AC,l'HI 

tOSO P'Ollt114AT(/21H OUAOU,TlC lNTEltl'OL.ATION .22X,IH lllS,..&C •,!12:.1,12111, 
IN PMI t, I t'S, I) 

CO TO 1010 
1010 IUll'AC•IUPAC 

l'HHEW• ""I 
l' ( NTll.&C. Cl!. 1) WR tT! I ICW, 10"70) llL,AC. PH I 

1010 ,OllMATl/35H OU.&DIU.TIC INTlllPOL.ATIOH SUCCElDID., 12X,IH llL,At 1, 
112.1, t2l,IH ~HI ::.,115.ll 

1010 lll"(lllL,&C.L.l.Rt!llOI C·O TO 1010 
,._AMl•ll"T...&Ml/lt.L,AC 
J,.(MITHD.L.T.O) l'MCN•f'MGN•ltL.l'.&C 

C THI! ITIP JS .&CCl,.TIO. Tt:ST 1'0• CDN'flllGIJIC.E IP NO CONSTlllAINT 
C llC:A)41 AC:TIY.I OUlt.INC THIS 1Tl!A&TlON. 
c 

c 

101·0 CDNTUIU'I 
IP I NTlt.AC .GI!. 1, Wit I Tl! f KW, 1 too) I Tiit. ,·NN'IW 

t100 ,.OAMAT·f/tlM ENO ITElllATION,15,l&X,IH l"KI •,111.1) 
PHI •~N"IW 
IP'l.IXLIM.CiT.O) ca TO lf:IO 
DO 1110· o.11•1.~V 

IP'(MASKIJX).Hl!.O) GO TO 1110 
IP'(OAeSIJ:f..IXJ·MS.&Yt:l.iX)J.CT.DIL.Mll(..IXJI ID '.:TD 1130 

tttO CD .. T1NUI 
Cf'L.&G• 1 
JJ'(NTRAC.l.T.•11 GO TD 1200 
W.ITl(l(W, 1120} 

1120 l'OltM.&T I //11H CONVl!:ltCIO WHIN TMI ST-W• llCAMI SMALi..) 
GO TO 1200 

THI ITllt.ATIOW HAS NOT V!T CONY!aCID 

1130 lt'(ITU:.L.T.MAl1TJ CO TO tUO 
lltP'L.t.C• •I 
W"ITl(ICW, tUOIMAXIT 

1140 ,ClllMATl/l•IH MAXIMUM NUM811t OP' ITlll.&TJONS ltt:ACHIO IN M.&•O. ,IX • 
'" MAXtT •,II) 

CO TD 1200 

C: JI' SUllTllll.&TJONS Wtllll NDT l'!R,ORMID THIS fTlllATIDN, DICllll.&SI LAM80A. 
c 

ttlO IF(Nt'.Cl.N,.MAI') ~C TO '110 
IP'(.JSUl.~T.01 IOO TO 1110 
l'MCN •OMI N t ( ,Mt;N• •TWC, •UH IT) 
SCAL.l•AUNI T •~ L.AMI 
tll"CSCAl.J.GT ltUNITI P"\,AMl•jll'L..&Ml/DOWMU 
UPNU•DGWNU 
DGWlllU•OMlN 1 I DOWNU• ltTWO, ,NU I 
GO TO , no 

f110 IPlll'l'ITHO Nl.\J ca TO "'O 
U,.MU•~NUL.Jll 

MAllO Ill •••o 112 
•A•4 113 
MAao •t• 
MAil• 111 
MARO Ill 
MAlllO a11 
NARO Ila 
MAAO Ill 
MAllO 100 
MAltO 101 
MAAO 102 
MAlllO IOJ 
MAlllO IOA 
1o1aao 10s •••o 101 
MARO 10, 
MAaO IOI 
1111.&AO IOI 
MARO 110 
MARO 11 I 
M.&lllq 112 
MA•O ltJ 
MAlllO ltA 
MARV 111 
llfAltO 111 
MARO 11"7 
NAlllO 111 
MARO Ill 
MAlt.O 120 
MA•O 121 
MAlllO 122 
MAlllO 123 
MAlllO 124 
MAltO IZt 
M&lllO 121 
M&RO 121 
MARO 121 
MARO 121 
M&lllO 120 
MAlllO ll 1 
MARO 132 
MAlllO 1:n 
MARO 13• 
MARO IJI 

MAlllO l:S' 
MARO 121 
M&lllO IJI 
JllAltQ 1•0 
MAlllO 141 

...... 112 
MAltO 14& 
MAR• ltl 
MAao 14'1 
MA'RO ,,., 
M.&lt.O 1-41 
...... o ••• 
NAlllO 110 

MARO 111 
MAR• 112 
MARO llJ 
M.&ltO 114 
MARO ISi 
M&R.O 111 
MAlt.O 197 
MARO Ill 
MARO Ill 
MAltO 1·10 
MAAO Sii 
MARO 112 
MAflO llJ 
MAlllO 114 
M&lllO Ill 
MAlllO Ill 
MARO 117 
MAllO Ill 
MAlllO Ill 
MAflO l'JO 
MAlllO 111 
MAlllO 172 
MAllO 1.,:1 
M.&lllO 174 
MARO 111 
M&lllO 111 
MARO 111 
MARO 1.,1 

MAlllO ' '' 
MARC 110 
MAllO IA 1 
MAltO IA2 
MARO 113 
MAltO 114 
M.t.lt.O Ill 
MAlllO &al 
M.t.lllO 111 
M.t.lllO IAI 
M.&lltO IAI 
M&ltO 110 
MARO 111 
MARO 112 
MAllO 11:11 
M.&llO ltt 
M.&JIO 01 
M.&lllO Ill 
"4&AO II' 
MAJl·O' Ill 
MAlt.O Ill 
MARO '700 
MAao '70' 
MA•O 102 
'"11.&ltO '03 
M.&ltO '70& 
MARQ '70S 
M.&lt.O 101 
M&lllO 10' 
MAltO ,01 
MAllO ?Ot 
MAltO 710 
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•U DOWllU•P'MULM MAIO''' 
lti U,0 CGNTIMUI MAIO '"2 

C GO l&CK &aD DO &NOTHIR l'fla&TIDN. MAIO '712 
•U GI TO 170 MAIO TH 
•U •UO 1 ,1.&G••' MAIO 'tH 
•11 WlllTl(KW.11IOINl'MA.IC MAIO 711 
In 1110 •OllMAT(//z:llM NP' MAS al&CHID 111,M&I •, 17,tM IN MARO.) M&llO '71'7 

c ...... '711 
c • • • • • • • • • • • • • • • • • ........ ''' 
c -·· 720 C THI ITll&TIDN MAI TIUUN&Tl!D. M&•O '721 
C 11atNT OUT TNI DATA, 'ITT!D Y'ALUl!S. AND AISIDU&LS. M&aO 722 
C COMllUTC AND PRINT THI ST•ND&RD DIYl&11DN I" lNI! DATA P'ADM THI P'lf. M&llO 722 
c •••• 72& 

ltl 1100 CDNTllfUI M&•O '72S 
•II SC•OSO•T(SC) M&aO 721 
•20 l,.fNTll&C.LT.•11 GD TD tzlO MAIO 't21 
•21 WRITltl(W, 1:Z10llT!ll,Nl",•MI ,l'MCiN,rL&Ml,SC JCaaO 711 
1#2 lltO P'Otl.MATl/U,14.ltR ITl!A·ATIGNS,11,IH NI' •,ll,11',IM ~Ml •,11'~1i.l,IOI, M&aO 121 

7M P'MGN •,!12.1,71,IH· L.AMID.A : ,E12.S//l1, llM NORM 0,. ICALID, MARO 720 
• UM GRADUNT Vt:CTDR •,!12.S) MARO '7'9 

12J Wlll.ITlllC.W,110t(Jr(Jll..U11,,NYI MARO 722 
tl4 IFCNTltAC.Cil.OI WlllTlllC.W,1120) M&•O '7J:S 
•II tllO 'l•MATl///UX,1NJ,ll,S" YIJLl&ll,7M 'ITIJJ,IOX, M&RO 72a 

• 1211 'f'IJJ•l'ITl .. l,71,IM YSIGl..11,111,1:111 CY•,ITJ/Ylll/111 MA•O 731 
•.II lll•YllC( 1) MARO 7:JI 
•17 IMSDY•lllllllQ MAIO 7:J7 
411 IDYMll llZlll:Q MAao 711 
I'll DD 12•0 JPT 1 1, Nl"TS MARO 7:JI 
•IO ll'(LIOU.10.0I SICi•YSlllJl'TI MAllO 7ol0 
•»1 YYIYIJ'T) MAIO 7•1 
•II 'TllUOYY•,.ITIJ'TI MARO 1•2 
•:11 aTIUU,T'EIM/SIG MAltO 'U1 •»• l"INTllAC.C:l.O) warT!IKW,1130tJl'T,YY,ll'IT(J,TJ,,TIRM,SU:.•TIRM MAIO, •• •»• 1130 'DIM&TfSll.llO,SX.l1S.a,1x,1u.1,11,112.1,sx.1t2.1,1ox,l1Z.IJ MARO 741 
•II lllMSDY•ltMSD¥•RTl•M••2· NARO '7•1 
•17 1240 IDYMl•OMAl 11 SDYMI, OAll I ITlltMJ J MARO 741 
•:II DINDtiUNPTS•NACTY MARO '7•1 
1:11 WRITl{KW, 12SOIO!NDM . M&lllO 7&1 
140 1210 'llllMAT(//J2H NUM91!.lt ·C" DIGAlll D, "l.llDDM • ,112.I J MARO ,10 
•It IPIDINDM Ll.IUl!ltDI CiD TQ ·U'TO MAAO '711 
&12 •MSD'l•DIDRTIRMSDY/D!NDMI MA•O 7S2 
143 Witt Tl (KW, t21D lll:MSDY MARO 713 
Ill t2aO FORMATl1•3M 111..M.S. SCALID DIUATION 01' DATA ,ROM PIT •,112.11 MAIO 714 
41111 t270 C.DNTINUI MARO '71S ••a WRITltlCW.12101SDVMK MARO 751 
447 1110 '.0RMArl/·27H MAXIMUM SCALl!D DIYIATION •,112.SI MARO '717 

C MARO 71a 
C CALL F'UflC TD SET TNI "I NA~ 'IALUll. lllAJIO 711 
c u•o 710 

•1111 tl'IO CALL PUflC lPUNIC.,Y,YSIG,NltTS.F'tT,PNI) MARO '711 
141 '18.UPHI MA.AO '7•2 

0 NH1U 
C CALL MOIRJI TD , •• NT THI l'AllAMIT"EJI llUtDRI AND C:Q·1t1t·ILATI DJIS. MAltO 711 
C A DUMMY RDUTIWI! MAY IE SUISTITUTID 'DR MOii!JIR fl' TMISt: A.Al NOT IHIDID.MARO 711 
C MARO 71a 

1ao IP'IMATAl.l.O.DI RITURN M&AO 71'7 
llt CALL MOIRI t•ACT¥,N,Tll MARO '71A 

0 M"'" 412 1200 llTURN M&AO '77D 

IND MAAO. 
4SI lflD 

414 IUlll:OUT I NI 'UNC I ,UllllC, Y, YS ti, N'9TS. l'I T, Piii I 

UltDATID IY -'· CHANDLllt, DSU Dl,AlllTMINT D~ COMPUTING AND 
lNPD·RMATION ICJINCIS••-'· MANION, U'CC USllt SIR'llCIS, M&t' 1111 

l'UflC CALLS ,UNk o• ,,,.. TO COMPUTI l'MI AltlltAY D,. rnTID YALUIS PITM. 

411 ODUll.I PAIClllDN V,YSIC,llMAl,JCMl.lll 0 Dl\.Tl.DILMN,lklll,,Ol.I, 
• P\.AMI, PNU,AILDI', RILMN 

411 DOUILI 'l.ICIS.tDN l,P1T,,.,,Nl,SIG 

11'7 DIMIWllOM YI I J .YllGI 11,,JTI 11 

••• CDMMD-11 /CSTI~/ x12or.1MAll20J,11MfN~2DJ,DILTli20l,Dl&.MNl20J. 
• IAltl l·O, 2t I. ,DIJ, NY, NTltAC, MATA JC ,MASK( 20 I, 

llP'MAX·, NP LAT, JV·AllY, NI T•A"·. IC:fl'L·AC:. HOJl!I!', ICIRP·L • fll:W 
11·1 CDMMDN /Nt.Ll•I "LAMl,,.NU,RILPP.llELMN,MITHO,IC.ALC',KDIDP,MAXIT, 

• LIOU• MKIUI 0 MXU'D 

410 AZl•O•O. 
Ill IPIKA·LCll'.11.0I CD TD 10 

1&2 CALt. fl'VNIC IPITJ 
41:1 CO TD JO 

41• 10 DD 20 °'ll'T• 1, NPf.1 
•II CALL. PDPK(JP.T,N't',X,P) 
&II 20 PITIJPTl•I' 

41'7 JiO '"I •AZIAO 
411 llG•YSIGI 11 
Ill DO 10 .f'T 1 t, Nll'TS 
• ,. trlLIOu.10.01 llG•VSIG(.IPTr 

CHl!CIC PG• AN ILLEGAL YALUI Dr SIG. 
• .,. IPlltC.IT.ltZIADr ca TD so 
&71 Wl.ITl( .. w,•orLIOU,J,.,,SIG .. 
4'73 •• POAM"AT(/llH t:AlDll tN Jll&Jl:O.. LIOU • ·.11.IX,•H .. ,, •.11.11. 

7H YllG •,11J.,,UN II ~I. ZIAD. I 
• ,. STOP 

•. ,. ao ltMJ•PMl•flPITIJ•TJ•Y(.IPTll/IJG)••I 

471 ltlTUAN 
l•D PUNC. 

'"" IND 

• c UltD&TI IY ... CMANDLll., MAY 1111. DS.U COMl'UTIR SCllNCI 
C DlltARTMINT•·°'· MANIDN, UCC USIA lllllYICES 

• • • c • c 

TNll· II A DUMMY Yllt51D• ar SUl•DUTINI CALCO 
A NON•DUMMY vt:llSIDN OP' CA'-CD MAY IE IJSED IOl'TJONALLY'> TD SUll',LY 
TO MARO ANALYTIC .YAL.UES QI' TH! IL.IMINTI or THI JACDllAN MATltU, 
JNITllD ar &ltll'AOl"IMITINC: THIM IY ,.,.,,, Dl,.,.l•INCIS. 
MDWIVlll, MDIT USlltS ,ltll'llll TO Ull P'INITI DIP,.lltl!NCll. 

uao ,,, 
MAAO ,,. 
'U•C I 
,UNC • PUNC • PUNC 2 
'UNC • l'UNC • ru111c • PUMC I 
PUNC I 
'UNC , 
'UNC • PUNC • ,.UNC 10 
"UNC II 
'UNC .. 
"UNC .. 
,UNC .. 
"UNC 11 
PUNC II 
P'UMC " PUNC .. 
PUNC II 
PUNC 20 
PUNC .. 
PUNC 22 
'UNC .. 
'UNC .. 
'UNC •• PUNC .. 
'UNC ., 
PUltC .. 
PUNC •• 'tu•c 20 
'UNC .. 
PUNC •• 'UNC .. 
l'UNC •• 
'UNC .. 
'UNC .. 
'UNC ., 
PUNC .. 
PUNC .. 
"UNC •o 
PUNC .. 
PUNC .. 
PUNC .. 
CALCDUM1 
CALCDUMZ 
CAL.CDUMZ 
CAL CDUM2 
CALCDUM2 
CAL.CDUMJ 
CAL.CDUM.t 
CALCDUMI 
CALCDUMI 
CALCDUM7 
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n1 
uo 
411 
412 

4U 

U4 

411 

411 

4., 

411 

411 
410 

411 ... 
413 

41& ... 
411 
41' 
411 
411 
100 
IOI 
102 
IO> 

104 
IOI 
100 
10• 

IM 

IOI ... 
'" ... ... 
114 
Ill 
Ill 

"' ... ... 
120 ... ... 
12• 
124 ... 
121 ... 
121 

... ... ... ... ... 
U4 ... 
UI ... ... 
121 

140 
14' 
142 ... ... ... 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

c 
c 
c 

DDUILI PAll!CIS10N P 
DIMINSIDN "ILPDMA.LPDMI) 
arTUllUI 

••• 
SUlllDUTINI DIJtlY f..IPT,PUllk,llPTl,PJT,f'JTSV,l'.Ll"DM&.L.PDNI) 

Ul'DATID IY J. CHANDLIR, OSU 01,&RTMltfT 0' COM,UTINC &ND 
JtllPORMATIDll SCllti!Cl:S••.J, M&NSDN. UCC USlll SlllYICIS 

Diil IY 4. 1 a.11.s.1. STAND&llD ,ORTll&N M&Y 1111 

DIAIY COM,UTCS THI ..l&CDllAN MA.TIUX P USING PJNITI D"f'llll'NCEI. 

l'(.J,KJ IS TM! P&*TIAL Dll!lllYATfU DP' 'ITl.JJ WITH lllSPll:T TO 1111:1 
IP KDllDP .10. 1, Dtlll ~ USES A Jrt0NCIHT•AL 01,P!•ENC! l'DllMULA. 
JP ICOADP'.10.2, D!'ltl'f IJSES A CffUll&\,. OIPll'l'IUNCIE "DllMULA 
KOllDP.10.1 IS AIOUT TWICI AS PAST AS kOllDl'.10.2, IUT LISS ACCUll&TI. 

ODUIL.f l'tlllCJSIDN P.llN&l,XMIN,DU.TX,OU,MN,lllll,P'Ol..1, 
• PLAMl,PNU,AE\,.D',IU:LMN,llJlllO 

DOUIL.1: l'lltlCUJON l,,Jt,,ITIV,OIL,TWOOL,IS&Yl,,X0,,11 

OJMINI ION '1 T11J,FJTIV(1 I," I Ll'OM.A, i.l'OMl I 

C'DMMDN /CS fl!, I IC 20), IMAX I 20), XMJN( 20). DEL TX I 201. OILMNI 20 I, 
• IRRl20, 21} ,l'QIJ, NV, NT•AC.MAT•lll ,MASkl 20), 
• N,M&I, Nll"I. AT, JVARV. HXT•A, Kl"I. AC, NO•t:I'. KIU: L, KW 

COMMON /NL 1.54 / I' I.AMI, l'NU, illlHD', IULMN, MET HD, KALCI', KORD', MAIU T, 
• LIOU, MXSUI, MXU'D 

l.ZIAO•O. 
.JY&IU•O 

IAVI 'JT I' KALCP.Gil.O • 

I'IJ:&LCl'.LT.OI GO TO 20 
OD 10 Jl1,Nl'TS 

10 PITIVl.J)•'JTIJI 

LGOP 0¥1• THI' ACT I ¥1 l'AR&MIE'TUlS 11 JI}. 

20 Kl •O 
00 110 JI 1 1, N'f 

l'fM&SIC.( ... I) ,NE.OJ GD TO 110 
Kl•KX•1 
OIL ••U.D,..•X ( JX I 
IP'(Ol:L.10.ltZUlOI DIU.•lll:ILD' 
ISAYE•l(JXJ 
Xt.JXJ•XSA'll!+OIL 
TWDDL •DIJ..•DIL 
l'llC.ALCl')lt0,.20,10 

KALC,.10.0 • COMPUTI P, OMI COLUMN AT A TIMI. 

io CALL 'UNK ll"tT) 
Jr(KOlll:DP'.I0.21 GO TO IO 
DO 40 J•1,Nl'TS 

410 l't.,,,Kl)•l'IT(JJ ... rlTSV(J)l/DIL 

GD TO UO 

K&LCl'.10.0 AND KOJtDl'.10.2 
PITf"") WILL II OIUTRD'llD. 

IN THIS CAI!, THI' llfl'UT YALUCS D' 

10 l(,,JJCl•ISAVl•DIL 
DD 10 J•1,Nl'TS 

to PITSYl"'l•PIT(J) 
.,IY&RY •JX 
CALL P'UllK l'ITI 
JY&RY•O 
DO .,0 .J•1,Nl'TS 

10 l'l.,,Kl)•l'ITSYCJJ•'IT(.J))/TWODL 
GO TG 1•0 

K&LC,.GT.O , CDMl'UTl I', ONI 11.IMllfT AT A TJI .... 

10 ID 100 J• 1, NPTS 
CALL ll'OPI (J,NY,X,11'111 
I'(KD•O,.l~.2) GO TD 10 
Pf .J, Kl J • ( l'X1 •P'JTSV ("' 11 /0IL 
GO TD 100 

to llJX}•XS&Y!•DIL. 
CALL PD,X (J,NY,X,,XOI 
I'( J, KX) • ( l'X 1 •,101 /TWOOL 
X(JX)•lrS&Y!+OIL 

100 CONTINUl 
liD TO 1'0 

l.ALCl'.LT.O CDMl'UTI ONIE •OW DP' I', DNI ILIM•NT &T A TIMI. 

1t0 'ITl'fl11•'1ftJl'T) 
CALL ll'Oll'X (Jl'T,NV,X,l'X1) 
IP'O:.a•aP.!O.:lJ GD TO 120 
'11,KX )• IFX1•P'ITSY(1)) /DIL 
GO TO 130 

120 XIJX)•XSA'l!•Dl!I. 
CALL ,.0,1 j.,,T,iltV,X,P'IO) 
I'( 1, JtXt• t PX1 ... ,XO)/TWODL 

UO l'ITIJPTl•l'tTSYlll 

UO 11.JX) • XSAY! 
1110 CONT 1 NUI 

tF(KALCl'.LT.OI •1nu•N 
DO 110 J•1,NPTS 

UO l'IT(.J)•'ITSY(.JJ 

IU!TURN 
IND DllUY. 

••• 

•llSTOal Kl "'XI. 

IUllUUT INI MOllUt I N&CTY, N'TI I 

Ul'DAT!O ,, J. CMANOL.Etlt, DSU Dll'ARTMINT OP' COMl'UTllfG AllD 
)lfFD•M&TION SCllNCES••J HANSON, UCC USl!t: SIRYICIS 

... , tl&1 

MOlfllt 11 CAL.LID IT MAW.O TO COMPUTI ANO l'RlflT APl'lt:OIJMATI Y&LUll D' 

C&LCDUMI 
CALCDUMt 
C&LCDUtO 
CAL.CDUI I 
CALCDll12 

DIR!'I I 
OIRJY Z 
DllUY 2 
OIRIY 2 
DIUV 2 
aaau :I 
DIW. IY ' 
OlaJY I 
Olltl'f' I 
Dl .. I V ., 
DUU Y & 
Da• 1 v I 
DIR I ... ro 
Dl!Rl'V l1 
DIAIY 12 
Dl•tv 13 
DllUV U 
OllltJY 111 
DIRJY 11 
DIRJ ¥ 11 
DUtl ¥ 11 
OltlllV 11 
DIRll' 20 
Da .. n 21 
aaan 22 
DIR IV 2::1 
D11a1v 2• 
DIRIV 21 
DIAIY 21 
OIRIY 2'7 
DIR.JV 21 
Dt:JtlY 21 
Olatv 'O 
DIRIW J1 
DlltJY 22 
DIRt• 33 
DIRl'I ::14' 
DIRJY 311 
Dllltl'f ' ' 
DIAl'f :I., 
Dl•tY :II 
IHRIV :It 
DIR IY •o 
DlltlY 41 
DllllY '2 
DElltlY ·~ 
DIA.JV '' 
DllUY •I 
OIRI• 411 
DlatY •'f 
DIJtlY 41 
DllllY ea 
DIRJ¥ 10 
DllU'I St 

Dlltl ¥ 12 
Dl:Jl:JY 1:1 
Dl•Iv 14' 
DIR.IV IS 
DllU'f II 
DUUY I., 
DfllttY I& 
OllUY II 
DlllttY 10 
DCIUY 11 
DIA.IV IZ 
OIRIY 12 
DI• IY I• 
DI• IV II 
OllttV II 
OIRl'I 1'1 
DIRJY 1·1 
DIR IV II 
D•Rt v '10 
DIR!Y ,1 
DllltlV 'P2 
Dllll'f 't::I 
DIRIY .,. 
DIR JV 'Pl 
DIRIY .,. 
Dt:JtlY .,,. 

IHRlV '' 
DIJt1Y 'JI 
Olal'I 10 
Dl•IY 11 
01• ty 12 
Dlatv 12 
DllltlY I' 
DIRlY II 
DIAIV II 
Diii.JV 1'1 
DIRIY II 
DIRIY II 
DIR 1¥ 10 
DIAi ¥' I 1 
OIR IY 12 
DIRIY IJ 
Dlllt 1V I• 
DllllY II 
Dllltl'I II 
DllUV 1'1 · 
DllltlY II 
DIRIV II 
OIRJY100 
DIRIY101 
OllltlYI02 

MOllRR 
•0111• 
M01!1t• 
MOl!RR 
MOIR• 
MOlll• 
MOlllR 
MOIRll 
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... 

... 

... 

... 
HO ... 
HI 

'" H• ... ... 
117 
HI 

Ill 
HO ... ... 
•·II ... ... 
1a1. ... ... ... ... ... 
·172 ... ... ... ... 
... ... ... 
HO ... ... ... ... ... ... . ., 
... ... 
110 ... ... ... ... ... ... ... ... ... 
IOO 

'°' IOI 
100 
100 ... 
IOO 
10• ... ... 
110 ... 
111 ... ... ... ... ... ... ... 
HO ... 
Ill 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

c 
c 
c 

c 

c 
c 
c 
c 
c 
c 
c 

c 

c 
c 
c 

c 

Tiii ~&a&MITll 1aaDll &MD CDl:llL&TIOMI. 

,01: TNI MIAllWG I' THI .. MAUMUM 'l&Rl&NCI JNrL&TIO• ,&CTDI:• llLDW. 
Sii... D. W. M&l:OU&l:Of &NO •. D. SNlt:. 

1:1011 l:IG9'1SSJDN tN 'lt&CTICI. 
TMI &Mll:IC&ll STATISTICIAN 21 I 11'711 J•20 

r••UT OU&NTITlll..... KW, ll:lf •, •), lt&CTV • DILTU •I .NPTI, NY ,NTl:&C, 
M&l!itl•l,P08V 

OUTPUT Oil&!lfTITllS .••. 1111•.•) 

OOUILI 'l:IClllON ",SC& .. l,IM&l,IMIN,DIL.Tl,DEL.MN,111:,,0l.1, 
OSOIT ,ARG, JUlllD, It.UNIT, MUGI, 'IVOT ,0, 'I 1,1111, Ill, TIM,, 
Di•IM,scrac. l:ISCL • JI 

co••• /CITIP/ •I 201. IM&XI 20 I. XMtNl 201. Dl .. TK I 20). Dt:UlffU 201. 
111·120, 21 J, FDl..r, H'I, NTl:&C ,M&Tl:I ,MASKI 20), 
~PMAI, N"LAT, .IW&l:'I', NJITA&, IC.PL&G, NORI', Kll:l'L, KW 

llOITl&l:Dl•OSOIT(&l:Gl 

11110•0 . 
aua·n•t. 
MUGl• 1 .120 

...... 
~ ... , ... ,. 

IP' I NT•AC. LT • • 1 I GO TO 40 
WllTIUCW~IO·I 

10 ,GIMAT I/// I IM SUlltDUT 1111 MOIRR. //21H OSAV I PT•~• SCA&.ID, WHIRi. 
• 22M P ll iMI .,!ACD8 IAll I .•.. ) 

DD 30 ..II a 1, N&CTV 
WltlTI IKW, 20 )JX •. , •••I ..IX ;Kl I ,Kl• 1 ,..11 I 

20 '01lMAT I /11, J;,J, 2X. It: II. 'I I IX, 1111. 7 JI 
:SO CDNTINUI 

CIM~UTI THI SCALID 1aaoa Matan:, WMICN 1S THI JllVlftll 0' OIAV. 
IMVIAT OSAV Ull"NG ·TMI! GAUSS•.10111.DAN MITMOD WJTHQUT l'TVOTING. 
'· L. IAUIR AND C. ltllNSC", II. 4-5 IN ·L.INl.Alt Ai.Gl!.lltA" 
IY .J, M. WILKINSON. AND C. RllNSCM (IPUNGIR .. YEltLAG, 11,t) 
IRR I• 0 llV• I I IS UllD Al A Sll:lt&TCH Vl!CTOR. 

40 NVll'LU•NY•I 
NSMAL•O 
DO 1:10 1.INV•l,liilACTV 

L•fNACTY•ll•l.111'1 
ll'IVOT•IRRl 1, 11 
IP 111' l'IOT. I.I:. RZIRD) NIJi9AL •NSMAL• I 
ll'INACTV.LT.2) GD TO 10 
DO 10 "'2,Jl&CTV 

· O•lltltl"· 11 
111'111'1YOT.Jtl.tlZIROJ GD TO 10 
l•RU. 0 ffYll'LUJ •RZEtlD 
GO TD 'O 

10 IP1K.GT.LI GD TD 10 
lltltl K. NVll'LU I• •0/11' IVOT 
CD TO 'O 

10 lltlt'IK,llVll'LU) •0/ll'IVOT 
70 DI 10 M• 2, IC 
ao •••o:•l,M•11•11tlltl1C,Ml•O•l••IM,NWftLUJ 

10 l1'(,,1¥0T.NS.lt'Z•ttOJ CD TD 100 
••• r N&CTV. N&CTY I •1tz1··· 
GD TO 110 

100 lltl(NACTY,N&"C:T•l••UNIT/,1YOT 
110 IP(NAC:TY.LT.21 GO TD 1:10 

DO 120 k•2.NACTY 
1.20 1•1tlNACTY 0 "•l)•llttlfK,NVll'LU) 
1:10 CDNT'INUI 

Nlt&NIC•MACTV•NIMAL 
IP I NJlANK. LT. NACTV) WR ITI I KW, 140·1 N1l&N.K, Jf-4CT'V' 

HO P'OIMATl//11M TMI ICCDNO DlltJVATIY·E M·ATRllC IS SINCULAI IN MOIJll,, 
11 0 '" IAMK 1, .1:3:, , •• •H DllDEI 1, J';J/ /2414 T"IJll,Glt"I ALL. ,Alllt&MITllt, 
Zltf ll·IOIS &II INPINITI. I 

.... ... 
VIPMl•llRIO 
00 110 _,Jl•l,N'll' 

UN,&l:k THI 1,aaoa flf&TllX INTO TM"I Ull',,11 
TIJANGLI 01' lltll• 0 • I, Dl•SCALIMG IT. 

IP(MAIKl..IJll .10.0I .IV•.Jt'•1 
Kt'•O 
DO 110 Kl• 1,.JX 

llt•IZIRO 
IP(MAIKl.JIJ.111.0 .OR. fll&S&llCIJ.111.0J GI TO 1ao 
llV•ICY• 1 
TIM,•IUl.ltO 
DIN:OM•DIL TX I ..IV I •Dll. TX1 KY I 
l'IDINDM.IO.IUEIOJ GD TD 110 
TaM,, •lllR l JV, KY) 
ll•TIMll'/DINOM 

1Se, l'tJl.Nl.KXJ GD TD 110 
IP f 'rlMll'. GT. RZ.Jt.D J C:D TD 1 '0 
JPl JfTRAC, GI. •Z I .WI. I TEI KW. 140JJI, IC.I, TIM' 

110 '01MATC/IH THI! l,12,IH.,12.2:3:"} ILIMINT D' 01&¥•••1 •,112.1, 
••••• M THlllP'Ol.'I ALL. ll'&l&"MITI• •••oas ••• INP'llllTl. I 

TIMll'• •TIM• 
t'tO IPITIM,.GT.¥1,MI) YIP:MX•TIMll' 
110 ••• , KJ: • .,, •• 1 I • IUll 
110 CONT UfUt: 

NOP•N,TI •NACT¥ 
IC,.ACJHUGI 
IPtNOll'.1.l.01 GO TD 200 
ICl'AC•NDll' 
ICP•C•OSORT 1 iraa.1/SC,AC J 

200 ltlSCL "IOll'+NI' 
111' I lllC L. G:T. llZlilD I IUISCL •OSOIT ( llSCL I 
IPINTl&C.LT • IJ CD TO J&O 
WllTll ltW, 21 O)NO', ND', lllSCL, '01J, ICll'AC 

210 POaM&Tl///•tH .. UMlll Cl' DICAllS 011' 'lllDDM 111.D '·) 1 , 

14Nl•PTS•NACTV) s, ts//2t.M El,.ECTID Y&LUI Cl' 'HI 1 

:SIN •.D., ll\.US a• MINUS S0'1TIJ••111.o.,.1 •.U. 
''" 'LUS Oil MINUS,112.1//22N ACTUAL. vaa.u1 0'" '"I •.112.1// 

• :SIM llSCAa.J•G 'ACTOll a SOITl~"l/N.D.11'. I •,112.IJ 
WI I Tl I •W, 220 IV I ,MX 

220 ,DIMATl/l/JIN MAXIMUM ¥.t.lll&NCI INll'\.ATION ,ACTOlt •,llZ.I/// 
• :S2M .,ltlDllMATE STAND&ll:D l!flillOIS ./lllC,IH JlllSCALID/12X 0 1M.J. 
• 11,,HM&llll..IJ ,IX,•Hll.1), UIC 0 1HlllltDl, 12•.IHlllDIJ 

a11·cL•MUGI 

MOiai I ..... , 
MOl•A I 
MOiia I •01•• 10 
MOIAI 11 
••••• 12 
MOIRA 12 
MOlltlt 16 
MOlltl II 
...... 11 
MOlllt 1' 
MOllAI 11 
MOlll 11 •o••• 10 
111101•• 21 
11101•• :12 
•O••• 22 
MOlll 2e 
...... 21 
MOii• 21 
...... 2, 
• •••• 21 
...... 21 
.. •••• 20 
MOllR ';JI 
.. •••• 22 
....... 33 
MDIII J• 
MOlltl JI 
M0111:1l JI 
M01Rlt 37 
MOlll JI 
MOIRA :SI ......... 
11101•• •1 
NOIRI 42 
MOIRA e:s 
MOllll 44 
111101•• •• 
...... 41 
...... 47 
MOl"Jllt •I 
...... 41 
MOlltlt 10 
MOlll 11 
Nol•• 12 
..... l:S 
.. •••• 14 
MOlltlt •• 
.. •••• ti .. •••• I, .. ..... . .. ...... . 
.. •••• 10 

-··· It ..... 12 
..1•• 1:1 
... ••• 14 
MOlalt II 

........ 
MOlll 17 
"MOll'I II 
MOIR.I II .. •••• ,0 
.. •••• 71 
... •••• '2 
.. •••• ':I 
MOlllt 74 
111101•• 71 
MOlll 'I 
MOIAI '" 
MOllll Tl 
MOlll 71 
MOIAll 19 
MOl!llt 11 
MOIJll 12 
MOIJll l:S 
... , •• 14 
MOIR• •• 
MOl•A II 
MOl!:ltll I, ........ 
...... II 
...... 10 
MOI•• 11 
MOI•• 12 
.. •••• 1:1 
MOllll I• 
MOIRI II 
111101•• II ..... ,., 
MOllll II 
MOiia II 
MOIRRIOO 
MOIJllt101 •••••102 
MOl!:Rl1e3 
MOIJllt104 
MOIJl:l101 
MOlltllOI 
MOIJlW10, 
MOllllOI 
MOIRl101 
MOIAAl 10 
MOllJl:l 11 
.. •••• , 12 . 
lllfflltll:S 
MOlltlt114 
MOl••111 
MOll.•111 
MOllltt t't 
MOIR•ltl 
NOllR I 11 
MOll1120 
MOlllt21 
MOIRl 122 
111101•11' 22 
lllOIRl 12• 
MO.lltl 121 

9.4 



12) 00 210 JI• I ,NY 
124 SCAL J •AUN IT 
121 IR•l!llll:l.Jk,JX•1) 
121 U' I Ell: J 230, 250, 240 
121 230 lll•·OSOATl•l!IU 
121 SCALJ• •t:ll 
121 CO TO 210· 
1:10 J40 lll•OSOlllT(!AJ 
121 ICALJ•fll: 
IJ2 210 Jf I NO,. !OT. 0 ANO. MAANK .10. NACTY) •llCL •SC,AC•lll 
IJl OU.TXlJll)•SCAL.J 
IJ4 W• IT! I KW, 210 ).JX ,MASK( Jl J, XI JX), Ill, lll!SCL 
Ill 2•0 '0JtM.C.Tl/IOX,13,J10,llLl11.l,4l,IU.l,4X,lt:l.I) 
131 2'70 CONT I NUE 

CDMPUTI ANO ~lltlNT THI co••IL&TIDNS. 
117 tP'INV.LT.21 CO TO :SAO 
IJI W•tT!(KW,210)(K,K•1,JfV) 
121 210 ,D.MAT(J//4'$'4 LOWIA TllllANCLI 01' THI! CORlll:IL&TION MAT•tx ..•• //121, 

• ~HK .U.~113/lltl,1113)) 
lilO Wllt1TEll(W,210)(MlSKIKl,K•l,NVJ 
••• 210 ,O.MAT(/~IC.12H ..iASKIKJ. ... ,n.111:11111a.11t:1JI 
142 W•ITl(KW,300) 
lilJ JOO FOkMATl/ll,IHJ,ilX,'TMM&SKIJJ J 
114 DO :no .,, •• ',NV 
lilt DD 310 KJU1,JX 
UI JtO Elll•(U,t)•lll•IKX,JX•11/ID!LTXIJX)lllOILTX(KXI) 
14, WRITllKW,l20)Jl.MASK(JX),il!llllllKX,l),K1•1,JXI 
141 320 '01lMATl/tx,Il,ll,Sl,llU.l/(11l,11!1J.l)J 
141 J)O CONTlNUI 

lllt:SCALI II• AND SYMMET•lZI IT. 
110 >•O SC1AC•SCl"AC••2 
Ill 1'l1C,AC.L.T.RUNITJ SCl"AC•RUNIT 
152 DO 350 JI• 1, NV 
llJ DD lSO KX •I, .IX 
114 l!llll1Jl,KX)•l!•lllKX,JX•1J•SCPAC 
Ill JIO IRlllKX,JXl•!•llllJX,Kl) 

151 lllTUUI 
IMD MO!llt•. 

111 IND 

Ill SUIAOUT I NI ,OP1C ( ..t~T, NY, l, P' J 
c 
c Ull'DATID av J. CHI.NOLE• ..... , ... I. osu COMPUTI• SCllNCI 
C Dl~&Jt.TMINT .. •.J, HANSON, UCC USIR SE•VICES 
c 
c nus IS • DUMMY V!ll.SION D, IUl•OUTINE ,OP'X. 
c .. NON•OUMM'f' Vl!•SlON O' '0P'X MA'I' I! USID {OPTION&LLYJ TO su~~LY 
C TD MAlllO VALU.!S 01' THI l'UNCTJON IEIN-G l"ITTt:D, INSTEAD 01' USlNC A 
C •FUNK .. SUl•OUTJNI! TO OD TMIS fHI! USt: 01' l'OFX Jltl!OUlllll!S 
C SUISTANTIA\.LY MO•t: OVl•Hl..&D TIM! OUlllNC l!klCUTlON, IUT SAVES 
C CDNSIDl .. AIL.f STOR&GI l't' NOT •EOUIRJNG: THAT THI. J&COll&N MATlt.IX, ,, 
C II ITDkEO. 
c 

Ill ODUILf Plll!ClSlON X.P 
110 DIM!NSIOM 1(20, 
111 lllTUkN 
112 UIO 

•••lllt•o•••· WRONG trlUMll• a, &RGUMINTI IN Al,E••NCI TO su•P•oc:A&M M&AO 

MOlllA 121 
MOl'IHU'J 
MOIAll 121 
MOIAI: 1 21 
MOlll• 120 
MOIAlll21 
MOIR" 132 
Mo1a11. I l::I 
Mo1••1:u 
fllOIJt I 21 
MOlll.At31 
MOl•R1:n 
Mor•• 111 
MOl!l:lt 1 JI 
MOlll• 1 •0 
HOlA•1•1 
MOlll.R U2 
MOIRll1ill 
MOll:ll 1 •4 
MOlll.11. UI 
MOlll:•1•1 
MOl•R1&1 
MOIRlllUI 
MOll:I: 1 &I 
MOE•• 110 
MOIARtll 
MOlllR 1S2 
MOlaau:t 
MOll1.RIS4 
MOlaAllS 
MOlll.R tsl 
MOlll•U~ 

MOl••UI 
MOE••1SI 
MOl•ll 110 
MOlll:•111 
MOllll.112 
MOIR• 1 ll 
MOll.ll I I• 
MOl•A 111 

PD'XDUMI 
,arXDUM2 
P'O, XOUM2 
'0P'XDUM2 
f0F)f0UM2 
PDP'XDUM.3 
FD,,10UN4 
1'0,l'DUMS 
,O,lCDUMI 
,.OFXDUM1 
P'D,XDUMI 
P'DPXDUMI 
PD,lOU 10 
,O,,lDU I 1 
POP•DU12 
POPXDUU 
PDP'X'OU 1 • 

ll'IOGllAM was IXICUTING 1.INI: 1 IN ROU'flNI M/~lllOG WMIN TEllMIN&TJON OCCURRED 

ST&TIMINTS IXICUTID• 

COAi USA.Cl! 

OJ&CilfOITICS 

oa.ie:cT coot:• :ns1a 8YTIS. Al:k&Y AREA• 1071 IYTIS, TOTAL AAI& AYAILAILI 1 12102• IVTIS 

NUMlll: DP ltt.RORS• 1, NUMllll: OP WA.RN I NCS • 0, MUMll11. OF IXTENllDNS• 

COM~ILI TJMI• O.J2 SIC,IXIC:U'fJON TIMI• 0.01 SIC. 11. ,,. . 10 P'l:tDAY 22 .IUL &:S W&TPJY • MAI: uao Y2LO 

CSITOll' 

95 



• 

to 

" .. .. .. 
•• .. 
" .. .. 
20 .. 
22 •• •• •• .. 
27 

•• •• •• ., 
S2 .. 
•• .. .. 
27 

SJDI ,LllLJIT 
CALL. ITSlt ., .. ... 

SIJllTaY 
IU•IOUTINE STS!T 

c 
C SU•IOUTlfllt U"OAT!D MAY UI' l't .J. CH&NQ\.la. O'SU COM,.UTIR SCllNCI 
c Ol•••TMIH.T••.J. HANSCIN ucc use• s1•vtces 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

ITS!T IETS SDM! 1Mll'UT OUANTITl!S TD DIFAULT Y.ILUIS. '01 M&ao. 

NDTI •.. 
THIS WllSIDN 01' STSIT MA1' AL.SD IE WSID WITH ITll'IT • llM .. LIX, 
''"· ttAu,r. AHCI MIN,, 

USAGI •... 
CAL.L STSET. fHIN SIT SOMf Jtrt .. UT OUAllTITllS {MV aND N'TS. AT L.IASTJ 
AND Jlt!'SET &NY OF TMOS! lf'T IN STSfT I •fTTI• Y&LUl!:S Cl' X, t:TC. t 
&l,ORI CAUINC MARC 0111 THE ST!rT•M&lll:Q INTt:•,ACI! IDUTIIU. 

OOUILI '•!Cl SI ON IMAI, XMI N, DIL TX, DILMN, llltR, 'Ol.J •'I.AMI, 'NU, 
••1.or.at:LMN.IUllO,ffUCE ,JI 

COMMON /CSTll'/ ll20J,XMAll20.J,JCMIN(20l,011.fX(20J 0 01LMN(20J, 
IJl:ll: I 20. 21 l, ,0.J, NY, NTllUC, MAUlC, MASK 120 I. 

• Ml'MAX, NP' LAT • .l'IAllt'I', HXTR;A, KJ'l.AC., NOllll e' .. , Kt:al"L, ICW 
CDMMGfl /NL LS.& I 'LAMil. ,NU. IULD', RU.MN. MITHD. IC.AL c•. llOl:D, ,·MAX. IT• 

LIOU, MXSUI, MXU .. 0 

..... 
NWMAl.•20 

N't'•" 1 
ttU·CI • 1 .120 
•ZlllD•O . 
tlTIU•C•O 
N,MAX I 3%'71°1 
MAXIT•20 
MISUl•%1 
MITND• I 
l.ALC" 10 
11tD•air11 
LIOU•G 
JlllP'L..lT• 1 
M&t'll1• 101 
Nl'Tll&•O 
,.LANI• 1 . 
l'MU• 10 . 
AILDl'•1.l·I 
11111.Mtl., .t:·I 

DO 10 • .n: • 1 , NYM&IC 
•I .no ••ZlllO 
IMAX f .l:Jl J 1 MUCI 
XMIN(.n:J••MUCE 
OIL.'U,..rJl)•ll2UtD 
DIUINIJX)11tZllt.O 

MASXlJX! •O 
10 CGlllTUIU£ 

ICW LOf:JC.Al. UNIT NUMallt 01' THI! ""lNTl!R 

THI Ulall MUST SIT NY Al'Tlll CALLl .. C STSIT. 

ST&TaMINTI EXICUTID• 113 

ITSITM 
ITllTM 
STSl!TM 
STSITM 
ITllTM 
STllTM 
ITSITM 
STllTM 
ST SI TM 
ITlfTM 
STSITM 
STSITM I 
ST·ll1'i00 
ITSITM1 I 
STSITMU 
STSITM12 
STllTMU 
STSl,TMU 
STSITM1 I 
STSl!TMt7 
STS!TMU 
STllTMtl 
STSITM%0 
STl1Tflt21 
STStTM22 
ITS!T ... 22 
STSITM24 
STSITM21 
ST.SITM21 
IT$ITN21 
ITSITM21 
ITll!TM21 
ITl!TM:SO 
ITSITM.11 
ITllTM3Z 
11SfTM33 
STSETMJ4 
STSETMJI 
STSITM21 
ITSITM2'7 
ITSrTMJ& 
ltllTM3• 
STllTN40 
S:Tll!TMl1 
ITSETM4Z 
ITSITM43 
ITllT'41& 
ITSITM41 
ITSITM&f 
ITllTJ-.41 
ITSt:TM41 
ITll.TMlt 
ITllTMIO 
ITllTMI I 

ITSITMS% 
STllTMSJ: 
ITSITMl4 
ITS!TMIS 
ITSITMll 

96 

CDlll' Ul&CI Ol,J'ICT CO·DI • 1314 IYTl·S 0 Alll:ltAY Aal.A• 421ill_ IYTIS. TOTAL AalA A'll.·ILA&LI• 12102& IVTIS 

D l&CNOST I Cl 

CDM,.,ILI T JMI·• 

CSSTOP 

NUMI•• or '"•o••· 
o.oz scc.r·x1cuT1DN TIMI• 

0, JlllUMllR or WARNIMCS• 

0.0.1 1-&C, 14.11.41 

o, NUM•Cllt DP' IXTINS IOtrlS" 

l'ltlDAY 22 -'UL 13 WATl'IV .. NAR Ul·O V2LO 



• 10 

11 .. 
•a .. 

1'1DI .LllLJIT 
CALL I fl"T 
ITDJi 
IND ... , .... 

• • • c 
c 
• 

1u1aauT INC STlltT I 'UtflC I 

UPDATIO M.AY 1111 IV J II'. CHAllDLI•, CSU Dt:'A .. TMINT D' COM•UTl•G 
&ND llli,.DAMATtON SCUMCll••J. MAllSOll, UCC USUl l[R\llC'U 

JNTIRFACt TO 14AKI ·MARO LDGIC LlJll:I STl'T. 

I TM.tao 
ITM&•O 
STMAJlO 
STMAl.O 
STM&AO 
STMAlllO 

C TD Ult THU •OUTIHI, Sl!T TMI! 't'ALUl!S DP' L,.DMA AND Lll'Dfllll, ANO SIT 
IT MARO 
STM&illO 
STM&JtO 
STMAlltO 
STMAlllO 
STMARO 9 
STMUl.010 
STMAlll011 
STMAtl:O 12 
STMAaou 
STMAAOt4 
STMAtt01S 
STMAROt• 
STMAa017 
STMAAOtl 
STMAlt011 
STMAlllO'ZO 
STMl.ill02 I 
STMAill022 
ITMA•023 
IT_M&•o2c 
1.TMAAQ21 
STMAlll021 
STMAA02'T 
ITMA•OZI 
ITM&it;021 
STMAa030 

C TMI OlM!Ji;SIONS 0, TME AIUt.&'fS II', 'ITSV, P'JT, '• AMO YSIC. 
C llORMf.4LY TH!. OlMINSlONS &•I. 
C l'(Ll'DMA,Lll'OM81, fITSYILPD .. A), ll'ITll.,.DMAl, VIL"DMA), YSIGIL,OMAJ, 
C: WHIR£ L.POMA IS .GI. NPTS A.fl1D L'DMI IS .GI. NV. 
t 
c 
c 
c 
c 
c 
t 

c 

c 

• c 
t 

• c 
• • • • • c 
• • • • c 
c 
c 
• 

• c 
c 
• c 
c 
• c 
c 
c 
• • c 
c 
c 
c 
• • c 
c 
c 
c 
• • c • c 
• c 
c • c 
t 
• • • • • • • c 
c 
c 
c • c 
c 
c 
c 
• c 
• • c 
c 
• c • c 
c 

CDMMQN/CDAT/ DOES NOT &"Pll!:&a JN ANY ll:DUTlNI! 0' THI! MAll:O ll'ACK&GI 
OTHIR THAN THIS ONI!, SO THIS IS TKI ONLY ltOUTIN!: THAT MUST •I 
areDMPU.ICI '#ltMUi THI DIMlfllSlDNS 0, tMt: ARllAYS I.Ill! CH&NG(D. 

THI! IJDLLDWINC. ·l·XTllllNAL STATl!MINT 1-S llllOUUID IV SDMI COMlt1LlaS 
IWAt,1Y, P-DA !XAM ... L£) IND PO .. llDDIN IT GTMIJ'S IMDDCDMP ltJ. 

ll'T!lt.NAL F-UNK 

DOUILE PAIC.151 ON 'IT,' I TSV , V, YSlC, P 

DIMINSJON "'f30o,201,,.n·sv11001 
COMMON /CDAT'f 'ITtJOOJ,VIJOOJ,YSIGIJOOl,NPTS 

t.POMA•JOO 
LPDMA&20 

CALL MAl.0 (P'UNK,V,YSll~Nll'TS,,IT,,ITSY,P,Lll'DMA,L'DMI) 

ltlTUltN 
IWO 

SUlltOUT 1111 MARO t 'UIK, Y, YS l C, N,TS,, IT, P'1TSY, P, I.POMA, LPDMa) 

MAltO :1.0 A.N.S.I. STANDARD t'OATltAN MAY 111 ·t 
CD,YltJGHT tC) 1111 .J. II'. CHANDL!ll: 

.J. I'. CHARDLIA ANO Ll0"1 W. JACKSON, 
Dl,Al.TMl.lllT OF COM~UT I NG ANO U"DltMAT I ON SC I lkCIS 
OW.LAHOMA ST&·TI U·N I 'llRI 'I TY, ST I L.LWATllt, OKLAHOMA '140'74 

MltlllO ~!'fl:P"OlllMS A NONLINlAllt LIA'ST SOU&lll.!S ll"IT OF A US!R•SUft'~L.t!D 
FUNCTJQH TO A GJYEN SIT 0' DATA. US.I.NCO. MAlltOU~lt'CIT•S M!T·H·OO, 0111 THt: 
ClAUSS .. NCWTON "41THOD. Oii: A "401:U,IED GAUSS·NtwTo-. Ml!Ttt-D.D. 

U"DATI &DDl!D TO WAT11'1Y Lll•Al.Y IY J. -H·ANSDN, I.ICC USllt 111 .. ICIS . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Jll'UT OUANTITllS .• ,.. 'UNk, X,( •), JIMAX{• I, XMINf • 1, DU.MN(•), MP' .NTlt.AC. 

MASKI• J ,MATRX.lff'MAX ,Nt'l,AT, JC.W, 
YI•), YSJC' •I, NPTS. Lll'COt., 

PL&MI, P'N·U, lllLD", MITHD, It.AL C", kOltDF, 
MAX IT, L IQU, MXSUI 

O·UTPUT OU.UfllTil!S •.•. Xf•),'·itOl.J,lilllll•.•l,KP'LAG,J<tT(•I 
scaATC" Yl!CTOll... OELTJlf•I 

MARO 
MA•O 
NAJtO 
Jri1aao 
MA-ltO 

•••o 
MA.111:0 
M'AlllO 
MAlllO 
MAlllO 
MA•O 
MAlltC 
MA•o 
MAIO 
M&ao 
MAao 
MAl.0 
MARO 
MAIO 
MA·•O 

M&lllO 
MA•o 
M•lllO 

UNUSCO QUANT IT US I JNCi.UDfO P"Dill COM, AT J IJ L l TV WI TH STE,. IT CQMMON) ••.• MA•O 

"UMK 

I( JIC) 
IMAXl.JXI 
UONIJXl 
Ot:LMNC .JJI) 
1'01.I 

•• 
NTAAC 

Ma TIX 
llilASKI J.1 I ,.,,.. .... 
Nl'L.&T 

•w 
IJl:Rl.IX,ltX} 
ltl'LAC: 

'f olPT) 
YS IGI JJIT J 
•PTS 
P'JTIJl'"TJ 
PI TS'f 
... JPT • ..IX I 

LJIDM& 

1.POMI 

••u 
REL DP 
AILMN 

Ml1"HD 

llALCI' 

.JYAlll't, N-XT•A, NOll:IP, IC.l!ll:FL MA"O 

THI NAMI' or TM·f SUIJtOUT-Ue: CAl..«.10 TD OITAIN 
THI Fl11"!D YALUllS 1'" KALC~&O 

THI Jll•TH l'AIUMl!TIJt 
THI Ul'"E• UMIT !l'OR 1l (.,Ill; J 
THI L-OWl!ll L B4JT l'OJl XI ..llC ,) 
THI CDN'Vl'RCINCI! l"0!.1!'11:.INCI' FD• )l:[Jll) 
RIT\IRNS THI 'JNAI. YALU!. 0,. PHI, TIU WUGMTIO 

SUM or SOU411ll!S '""t IS l!IHG MINI Mt Z.t:D AS A 
,tJNCTION Of TMI XIJJCll 

THE NUM.llt. 0' ,A.AM!Tl!lll:$ 
us.I• P1t1-NT COMT'll:OL. 

••:I. •O DUT~UT E11CIPT l"ATAL lltlllOlt MISSAGIS 
• •2, NO OUTPUT .t: XCIPT 0 IA-GNOSTIC MISS&CIS 
••1, ITANO.&•O OUTPUT lllCl~T FINAL. l"JT VALUES 
I 0, STANOAlt:O OUT~UT 

1. Al.SD ~lltNTS llfSUt.TS 0, EACH ITl!llATION 
• 2, ALSO JlilllNTS T'M·I C:OEFl'JC!!NT MATIUlC, QSAV 
• 1, ALSO PRIMTS THI JACOllAN MATlllX, _. 

lllGNZl•o JP ST.lTISTICAt. E·llllllOlll:S ARE TO Ill C:OMi-uTED 
111-0NZE•O IP Xl.JX} JS TO in: HILD ~IXEO 

TNI MAXIMU~ NUM•l!R OJI FUNCTf'ON CCr.t~UTl.TtCNS 
NONZERO 11 THE S!AflCM JS TO Tl!!:O"IJJrijATI Wl-lllH TWQ 

tTUtATEDNS CJ\'! IDIN-TICAL WALU!.S OP' 'MI 
TMI LDlUCAL. UNtT NUMll!.fl 0,- THI ,.lllNH:Jt 
illlTUJtNS THI IJllllOA MATRIX 
lt.ITUANl:O • GT. Z!JlO ~Oil 4 NOlltM.&L 0.1 T. 

RITUll.Nf:D .LT. Z.t:ltO ll"Olt AM AINORM&L EJrt 

THI ..ll'T•TH D6TA OllOtN&TI 
THI [X~l:C1"10 IJUtOlt IN Y ( J~f l 
THE tfUMIEr:t OJI· DATA CISl.lllV•TJONS 
THI J"T•lH ~tTTl!C VAL\JI! 
.& IClllATCH YICTOJI. OP N~TS VALVl!:S 
THI P'Jtl:ST ~&ltT1AL Dl!JtJWA'TIVE 

M&aO 
M&llO 
MAillO 
M&•o 
N&ao 
MAlt.O 
fltAillO 
M.&111:0 
l'CAllO 
MAlllO 
MA'tO 
MAllO 
MAllO 
MAllO 
MAaO 
MAlllO 
MAllO 
""All:O 
MARO 
fl'AltO 
MARO 
MAll(I 
MAlllO 
MAJl.O 
MAllO 
""AllO 
1'4A•O 
HAilo 
M.&ltO 
..... 0 
... ARO 
M.&lllO 
MAilo 
MA•o 
MA•o 

OP t'IT(JPT) WtTH illtSl'ECT TO 
TNI l'Iilll,. OJi41NSION OJI" TM! A•ltA'f 

X(Jlr) MARC! 
CQNTAJNIN~ Ill' M.&.illO 

lt.P.CDL. MUST IE .GI. N~TS 11' Kit.LC• 15 .Cl Zl•OIMAJlO 
THI s1etnu:1 DlM£NS lON D'I" THE ....... Ci:INT&?N!NC ,. MA•O 

tt.PDMI MUST IE .l;I. NVI MAillO 
MAltOUAll:OT•S LAM•OA, TM! ill~LATJY! AMDUN,. IY WHICH MA•O 

TMI DIAGONAL COl'l'P'ICllNTS 01' THI NQUllAL MAJlO 
IOUATICNS ARI AUCMINTEO MAllO 

MAlllOU&illDT•S JllU, THE l"ACTOill l't WMICM l"LANa IS MAl:O 
CMAIU:EO JlfA•o 

DITllllMINIS THI' NACN!TUOI 01" TH"E Ofl'll"llll!NCUIC STiii' MAJlO 
9'11.ATI'll CDNYl!lllGl·NCI! C•tT(llllON US!O ,0 .. IACH 11.(JJ lillAlltO 

'OJt WHICH Ol!L.MNIJ1 lS IllllC MAJtO 
DITllllMINfS 'tHl l"l!THOO USlO MAJtO 

•-t, MOOJ'IlD CA.USS•NEWTON Mt:THOD MARO 
• 0, CAUSS .. tf!WTQ)ll M(THQD MAl:C 
• 1, MODJ,110 'DJlllll 01' 1"11.&llOUAllOT•S MITMOO MA•O 
• 2, MAillOUA·llDT•S Ml!TMOO MA•O 

Dl'TlltMl•IS Wl'tJCH IUUTINI JS CALLID TO COMPUTI TMI NAlllO 

10 

" 12 .. .. .. .. 
11 
11 

" •• 

II 
20 
21 .. 
23 .. .. 
21 
%7 

•• .. 
>O .. 
J2 
l3 .. 
•• .. 
07 .. 
31 .. ., 
•• 
•1 .. .. .. 
&7 

•• .. 
so 
51 

" u .. .. .. 
S7 .. .. 
10 
11 
12 ., .. .. .. 
17 .. .. 
70 

'1 
72 
7l 
7& 

" 71 
'7 

97 



• • • c 
c • • • • • • • c 
• c 
c • • • • c 
c 
c 
c 
c 
c 
c 
c 
c 
• • • 

" 
" 

" 
c 
• • c 
• • 

•AKIT 
LlOU 

MISUI 
IOUftO 

J&CDl1Aflll M&TlltlJI ar P'UllST •&I.Tl.AL D!.lllY&TIYIS 
••1, ONE aow 01" ,. •!TUllNfO IY DCltlY Dll CAI.CD, 

OERIY CALLS 'Ol'lll 
• 0, AU. O• f' Rf,.Ult'HED .,. DUtlY Qll CALCD. 

Dllll V CALLS 'UNK 
• 1, ALL OP' • ltfTUlltNl!!:O l'f DIR1Y Olt CAL.CD, 

DIAIY C.&1.L$ l'Dl"X 
OIET!lllMUIS MOW P IS TD IE CAoLCULATID 

• 1, 'IAST OlltOElt A"P•Oxla.tAT/ON US!O IV D!ll:IY 
t 2, lt.CDND 011.D!R. Aitf'RDllM.A.TJON USfO !IV OflllY 
• :I, &NA\.YTIC&L 0£111.IVATIYE SUl'Pi.IED SY CALCO 

THf MAXIMUM NUti!l'J. QI" 1T!IUTIONS TC If l'C•l"OftM'fO 
SAVES STO•AGf. 1' AL&. 'f'SICI .Jl'1" l All! THI! SAMe' 

., 1' ALL YSIGIJf'TJ AA!!: fOUAI. (I .. THIS cast 
ON&.Y 'fSIC;( t I IS llt!P'!ltlNCIOI 

10 OTl'lll.WIS! 
TH!. M.l•IMUM NUMl!ll 01" $UllTl!llATSONS 'IAMJTTICI 
NOT USID AT •ttESINT 

M001'1CATtDIU TO MAllOU&•DT•S M!THOO •. 
1. TMI OUAJllTlTY I T•LAM9DAJ IS NOT :OLLOWl!!D TD tHCllf.&SE l't' MDtlE 

TMAN A ,ACTOa O• l"MUL,.., lN-AK\' SlN,L! CHANG!. 
2. WHl!N CUfST!PS All:! USIO IN A LINI SIAll;CH !WHe'N Tk! ANCL!. 

CA.MMA .LT IOAMMW. SUI l'EltOI, THE VALU£ 011' LAMID.&. rs lNCll;EASIO. 
IN IDfH iHI MOOIP"JED MAltOUAlt.OT•S- METHOD ANO TH! '"'ODJl'aD 
GAIJl$•N!WTON M!THDD, A HA.I.I' STI• lS ATTEMPTED l""OLLOW'INC EACH 
SUCCISSPIH. ST!,. THU AVDJOS ON! l'ORM DI' v!RY SLOW C:DNVIUCl!NCE 

TH! l'OlLOWINC t:llT!•NAL STATIMINT IS lt.l!OUlllED IV SOMI COM .. lt..IRS 
fW&fl'IY, ,0. !lAML9LE1 AND ,Qll;!IDDEN IY OTH!lt.$ IMODCOMP II) . 

IXTIRNAl ,UJlk 

OOUILf PRICJSlDN P,Y.'t'SIC,N,SCALE,ll.M&X,Uit!N,OELTX,D!LMN, 
, ••• l'"OIJ. 'LAM!. l""NU. u;1.o..- .OSO•T. AllC. Cit 1 T. ll'LDll'' lltf:LMN. 
AL. TOL., ,.&CCL, HUGI!. JI: ZENO, RUN t'T, RTWO. O! 1..N, FMCN, FCUT, 
STl'AC, PTUtM, SCAL..J. SA,• 1 VOT. EM. SUM, C:CS IN. S•, SC, NH, 
PRMlN, XflO:, ICM"', Ol!:NOM, f'll.AC', U"'FAC:, "-1..,.AO:, AS,.AC, "MSDI/, 
IOVMX, OMAJC 1. OMU' 1, 0.0.IUi, All:Cl!S 

DDUILI ... l:CISIQN IC,llSAYE,ICTU4P,Cll:AD,,IT.1'"1TSV. 
xs.a·w ,S 1 c. lllTUlM, 'Ht. 'HNIEW. 'H.1.1,.I'. XL JM 

THI DIMINSION-S D, THf Yl:CTOltl .I.ND MAflll.JC!S IAS C"'l'O.!:ED TO AlltltA't'SI .. ..... 
'INPTS.NACTVJ {Oil P(l,N&CTV} J,. KAl.C~ !O.·ll, 
l'ITIVtNPTSJ 1011: l"ITSVf1l ti' K.&LC:"'.rc -11 
llNYJ ,XMAl((NV J, JCMININV I ,Dt:LMMINYJ, !•ll:INV ,NV•1), 
11-AYl(NV) ,Hl"'Y) ,,..·ASllC.i(NV), 
GltAOIN.&CTVJ ,SC:A~EIN.C.C:TV). 
YIN,TS),'"1TIJ.i,.TSl.VSICIN'TS1 IDll. i'SJC(1,1 ti' l!OU.Nl,OJ. 

WKllt! N.&C:TY tS THI NUMI!"- 0, AC:T:IYt: IUNMASl<.£0) ICC"'J. 

11 OIMINSJON P(i,l'DMA,LPDM•I 
11 DIM!N.SIDN VllJ.VSIG(1}.,.ITll).,-JTSV(I) . 
20 ltl~INlil ON ISAYt: ( 20), H( 20 I, Qlt&D ( 20 I ,MASIO I 20), XT!M,f20I 

USUI: CO"""ON •. 
21 COMMON /CSTlP/ X(201,XMA11"(20J,XMINl20l.OIL.TXl2ol,DILMNUOI, 

l•Al 20, 2t I. POl..t .NY, NTR.&C, MATJU, MASK [ 201, 

MrMAX, lllP'L.AT, JY&•V, NXTR&, Kl'L&G, NOil!"', KIJlP't., KW 

MARO COMMON, .... 
22 COMMON /JllLl.S4/ l"lAM•.ll'NU,REl.DP',llt!LMN,METMD,KAl.CP'.KOllDl',MA•IT, 

.. .. 
21 
u 

.. .. 
'° .. 
.. 
•• •• .. 
.. 
JI .. 
•• .. .. .. 
•• .. .. .. 

1.IOU,MXSUl.MICUl'O 

SET TH!. L.Il•Alt't' !'UNCTIONS "019: ODUILI , .. IC1$tQN {DSOaT. :;J&IS, DMl11, 
DMIN11 OR l'"Olt llNGl.E "'lt!CJSJON {IOltT, AIS, .&MAX1, AMIN1). 

cso•T (AaC) •DSOf!:T' All.C) 
OAISIA•C) •O&ISIARCI 
ONAX 1 C &lit!;, .&tlCi• l • OMAX I I Alll:C, AllCI l 
OMJ N 11 Alll:C., Alll:GI) • OMIN I I &llG, Alll:CI l . . ·. . . . . . . . . . . . . . . . . . 

8IT ,IXID OU.l.NTITU:S .... 

lllWMAX JS THE MAXIMUM "l'IMISSllLI VALUE 0,., NV IT IS &LSD THI 
GlMINSJCIN 0,. THE &IUIAYS )t, XM&X, XMU1, MASK, Dif:LMN. 
XS.t.'11!. H, MASK:T, C•AO. ANO SC.I.LE, AN·D THI l'lltST OIMIN!llQN 0,. EUl. 
THI llCDNO DIJlllllN$1DN DI' l!•a 15 NYMAl•I. 

ltLTOL•1 .I•• 

PACC-L•2 • 

l'NULJOI. 

HUGI• 1. 130 

atlRD•O . 
IUNIT'1 • 
RTWO• 2 . 

CAIT • • . COSINE 01' MAltOUAAD"T•S CllfTtCAL 
ANGLE, GU.OU S.UI l.l!RO 

P'LDI' Dl!l'AUL T Y&LUI 1'01111: l't,,..&MI 

ltt.TOL. TOLlllANC'f '0111: A W.&llNINC MISS.AG! 

P&CCL .&CCILIRA·TfON '.&CTOlt 'Oil '"CUT 

,NULM . . I.HUT ON THl 'AC:TO• IV WMICM 
(1•,.l.AMI) M.&Y CH.&NGI 

MUQI • , • A YElll:Y L..&ltC! Ill.AL NUMl!R 
IDIP"AULT YA.LUil ,Oii: XMAX AND •XMJNJ 

NO PLO&TING "DINT CONSTANTS &al UllD IEVDND THIS "DINT. 

IULAC.•0 
llCOllt!'•O 
l llllt•O 
PMl 1ttUCI 
IC •HUGI 

Jll'(NT9l.&C.;l..•1) WfUTlfKW, 10) 
10 ,O., .... T(llHtM.&11110... l!CIN JIONL.lN!Alll l!AST sou••IS SOL.UT I Diii) 

NAC:TYPll 
IP(•Y.Gl.0 . .I.ND. NY.I.( .. v"'&IC • .&ND, NY Ll.L,.OMI a.1ri1a . 

N,-TS.Gl 1 .AND. (KALC•.LT 0 .l:Ul. NPIS.Ll.LPOM•ll GD TD 20 
KP LAC• a 1 
GD TD 10 

98 

MA•O 71 
MAlltO ,. 
MAllO •o 
MAIO • I 
MA•O .. 
MAltO 13 
M.&•O •• M.&11:0 II 
M&•O .. 
"'.t.10 " M.l.1110 .. 
MA"O .. 
MAllO •• 1'11.0.llO II 
M&.10 12 
"'a~o .. 
MAIO .. 
MAlltO .. 
M.l.llO •• MAlllO " M&ll:O .. 
MAIO .. 
MAllO 000 
MARO 101 
MAlllO 102 
MAlllO 102 
MAJID 10• 
MA•O 101 
Mj,llO I 01 
MIUtO IOT 
MAllO IO• 
MAlllO IOI 
M.&111¢ 110 
M.&Jl:O II I 
MAllO ,,. 
MAlll:O 112 
frillAlll:O ... 
M&ll:O ... 
M&lllO ... 
M.&lltO "' MAlltO ". M.&JlO 111 
MARO 120 
MAaO 121 
MA•O ,., 
MARO 122 
M.&JlO IU 
M.&llO 121 
M.&111:0 ,,. 
Ma.Ao 12' 
MAIO ... 
MA•O 121 
M&fltO ... 
M.&AO 131 
MARO ... 
MAAQ Ill 
MAltO l>I 
M&llO 121 
..... 0 ... 
M.&1110 1n 

M.&RO ... 
MAIO 131 
M&Jt.O uo 
MAJl:O 14 I 
"'IAlllO , ., 
MAllO ,., 
MAll:O ... 
MAlll:O I •• 
MAllt.0 ... 
MAltO 101 
MAllO 111 
MA•O ... 
MAltO ... 
"'A"-0 Ill 
MAlltO ,., 
MU•O . .. 
MAllO ... 
MARO ... 
MAllO ... 
fl4Alll:O !IT 
MA.lt.0 ... 
M&llO 111 
M&lll:O 110 
MAll:O 111 
M&•O 112 
MAlltO ... 
MA•O 11• 
M.&JIO ... 
MA•O ... 
..... 0 llT 
MAllO t 1-1 
MAllO "' MAlllO 1'0 
M.&•O IT1 
MAltO "' M&lltO ,,. 
MAllO ,,. 
.,u,11.0 I Tl 
M&llO "' MARO 1 TT 
M&llO ITI 
MAllO "' M&lltO .. 0 
MAAO 111 
MAlltO 112 
MAltO ... 
MAllO "' MAll;O ... 
M&lltO ... 
MA•O 117 
MAlllO 1U 
M&RO ... 
M.&•O 110 
MAlllO 111 
M.&110 112 
M&lllO ... 
M.1.11(1 1U 
)llA.lltO Ill 
M&lllO 111 
MAlllO llT 



.. .. 
10 .. .. .. .. .. .. 
17 .. 
It .. 
11 .. 
n .. .. .. 
17 .. .. 
70 
71 
72 .. 
71 .. .. 
77 

" 

.. 
11 .. .. 
•• .. .. 
.. 

.. .. .. 

11 .. .. 
•• .. .. 
n .. .. 

100 
Ill 
IOI 

102 
IH 
10• 
IOI 
107 
IOI 
IOI 
110 
,, I 
111 ,,. ,,. ,,, 

111 
117 
I II 
II I ... 
,. I ... ... ... 
121 
lU 

c 
c 
c 

c 
c 
c 

• • • • • • • 

• • c 
c 
• 

CMICIC IOMI tN,.UT OUANTITlll, ANO llT THIM TD Dl!'.ll'AULT YILUIS IP' 
Dl.llAID. 

MACTY , • , 
20 MACT\t•O 

NUM•IR 0' ACTJ YI It .I) 

•• 10 

OD 10 Jl•1,NY 
DI Lll •O&ll t DEUOll( JX JI 
JPIMAIKIJXI 150.30,10 
•&CTY•NACTY• t 
IP f DI l.H. EO. JUE•D I DILN•OAll f tllLMN•X I JX JI 
IP'tDILN.IEO llttl!•OI DILN•tllLMN 
l"llM .. llt.u:J.CT.l(MJNl"'I)) GD TO 40 
IMAl I JJI I •HUCI 
IMIN(.JX l.••HUCI 
If .IX J •OM.U 1 I llMINC "I J ,OMIN t I lMAJl l JX 1, .ti .1111) 
i)lf:LMlf(.UJ•Dll,.N 

ll'(NACTV.CT.OI GO TD 10 
"-"LAC• ·2 

IO CONT1NUI 
W" l Tl I kW, 10 I NY, llYM.lll, NA.CT V, Nll'TS, 1. IJOM&, LltC"'41, ICALCll' 

'O ll'DtlM&T(//11H JLLIG&L ffrfP'UT YALUI fN MARO .. O:,SH NY •,13,4X, 
IH lll'IM&l •.Jl,•ll,IH N&C:TY a,13/10X,,.H N'°T5 •,11,41:,IH L,DMA 

• 11,&X,IH L"DMI •,11,&1,IN KALCP •,J31 
llG TO f!IOO 

10 CG•TlNUI 
IPINTIAC.LT.•tl C:D TO ,.0 
WIJT•t •w. to I !MASK ("'I ..... t. NV I 

10 ra•MATl/tOM MASI( I ,J''1,'711:t/l•X.llt3J) 
WllTlfK""°'• 100) {II.JI ,..l•l ,JIWJ 

100 P'DIMATf/10H l ,.1112.1/(tOX,1113.I)) 
wi.; IT t: ( JtW, I I 0 J t XMAX ( J I , .J' 1 , NY l 

110 l'OaMAT(f10M W:Ml.X • ,ll!:13.S/(10Jl,llt3.S]I 
WltITl(l(W.120llW:fllltlN{Jl, • .P1,HV) 

120 '01tMATl/10H XMIN 1113 5/ftOX,111:1 111 
wa.JTllKW,130JIDILMNIJ],.Js1,HV'} 

1JO P'DaMAT(/tOlt Ol!LMN ,l!tl.S/(101(,IE't3 Sil 
WR I Tl (KW, 1 &OJ NY. HJITS. LJIOM.l., l .. OMS, NTltAC, MET HC, KALCi-o • l(Qllt:DP, 

NPLl.T, NP'MAJI, MAX l T, MISUB, Cit; IT, tt!LD", ~U.MN 
140 PDaM&Tl//IK NY •,l&,ll,'1H NJITS •,IS,5'1,IH 1.JIOMA •,JS,IX, 

MAllO 
MAllO 
MAllO 
MAl:O 
MAllO 
MAll:O 
MAAO 
MIRO 
MAll:O 
Ml.RO 
M&llO 
MARO 
MARO 
MARO 
MARO 
M-.•o 
JllllAltO 
MAltO 
MAllO 
fltAltO 
M1Ut.O 

1, MA"O 
M&ao 
MARO 
MARO 
flllA•O 
Mallo 
MAAO 
MARO 
MAJl:O 
MA•o 
MAltQ 
.. A•o 
MAll:O 
MAl:O 
MAll:O 
MAlt.O 
MAllO 
MAllO 
MAlllO IM LPOMI t,I4;IX,IH NfRAC i,l:Z,SX,ltf M!TND •,ll,SX.IH KALCfl 

IJ//aH l(QlllDJI' •,IZ,SX,IH JIFLAT :,J2,S'l,IH Nl'M&X •,J'7,SX, 
IN MAXIT •,11.11,IH ~MXSUI t,14//1t4 CRIT 1,t:t2.S,IX,IH lllLDF 1, 
112.1,11,IH ltELNJI- •,112.SI 

MAll:O 
MAll:O 
MARO 

110 ..IYAIY•O 

SIT 'MGfll. 1' NIC:lllAIU, t&llT PLAMI AND/Diii 'ICCL. 

'Mlth9'UNJ'T 
U~WU•l'MU 

DOWlllU•P'NU 
1'(".AM•.l,.l.lt%1:1t0) l'LAMl•l'LDI' 
1,.IMl"THD.Ll.OI ,LAMl•IUt:•a 
l"tM&TMD.IH.tl ,ACCL•ltUtillT 

CDllfflUTI THI lNJTUL GODDNlll 0' "IT D' THI! MODIL T'G THI. DATA. 
CALL ,UNC TO CAL.CU&.ATI TH•, 11-ICTDI D' l'JTT!O YALUll. 

CALL -•u•c (PUNlt,T.YSll.•PTl,FIT,l'HIJ 

MARO 
MARO 
NIRO 
MAltO 
MA9'0 
MAlltO 
MAltO 
...... 0 
MA .. O 
"'IAll:O 
M&AO 
MARO ..... 
MAlllO 
M"-aO ., ... l•Ul'f&LIN1' NUMlllt IP' CAL.LS TD 'UNC 
MARO 
M&ltO 

,.,.1 
lP'TNT••C.Cl.•11 WIUTlfKW, llO}li'Hl,,L.ANI 

t•O 'DltMATl//21H l'Hl (THI SUM D' SCIUA•ISJ •,IU.1,l7ll,IN LAMIOA •, 
lt2.S//1H 1 

no .-s·u1•0 
l'CUT •ATWO 
I Tl•• l TIR+, 
JPI NTltAC. GI, 1 I WllllTt: (KW, 110) ITl!t, ,MCN. 'LAM• 

110 ,OllMATl//tlH llCJN JTUlATIQN,JS,4Al,'1H , ... CN •,t:12.1.1sx • 
• IH LAMICA 1, t: 12. I) 

IOO 

200 

ll'(NTttAC.tt:.31 WRITlltc:W, 1tOI 
'O"MATl/21H, (THI .JACD•IAN 114ATRJ'll. ... /1H I 

ITP'&C•RUNIT 
DI 200 JX•1,NACTtl 

CR&D(JK) •lllZUIO 
DD 200 Kll1,JI 

IRlt.IJl.,tc.X)•ltZlll:O 

J'JIJ'TJ'A-LIZI _,OJI: THIS ITIRATION. 

CALI. Olal'V (Oil CALCO) TO CDMllUTI THI .1-ACOllAN M&Tltll, II. 
DIRJ'I IS CAL.LID ICPTS TlMIS I' KALC:•• .. 1. 

I I 0 

uo 
220 

140 

no 
210 ... 

S1G•'t'SIG(1) 
DD 210 ..il'T• 1, flll"TI 

Kl'T 1 ..iPT 
Jl'IKALCll' .. l.T.e) QD TO 210 
IP'IJl'T.Nl.11 GD TD 230 
KPT • 1 . 
JP'UCOllU)l'.Ll.2) ca TO 220 
CA&.L ~AlCCI I Jl'T, I", LPDM&, LllDMI l 

:: .. ~a o::~y f J,T. P'UN·lll, NllTS., IT. "Fl Tl't. ". LllOM&, L.PDM•) 

~:~:~=~~ i:t!: :ti w•ITllllW,260IJl'T fll(Kl'T,JXJ,ol••1,N&CTY) 
'DRMAT I ti, 13, 2J:. 11!1S. '1/(111. •t: tS. '7 JI 

J'l"ILIOU.10.0) IJ'Cll'SICIJflT) 
llT!aM• IPIT(.JJITJ •YI JJIT 11 /S JC••2 
DD 210 J&• t, Jri&CTY 

GRA·CI l oUl I •Git.AD I o11 I•' I l"T, Jll I •ltTlllfllll 
l'TIRM•l'f KPT, ,u I/SI '••2 
OD 2SO !ti• 1 , ..Ill 

111.RI JI, K• I •lllll:( J•, ttl) •I' t KPT, JCI )•l'Tlll:M 
CONTINUE 

CDlllT 1 NUI 
ltlSTOIU: '" 1' IT WAI DISTltO'YEO IM Dl•JV. 

1,.{KOllOll'.NE.21 1:0 TD 210 
J'llCILC.,,Nt:.OI GO TD %10 

...... 
M&ltO 
...... 0 
MAlllO ..... 

• MAAO 
MARO 
M&llO 
MA.Ito ...... ...... 
MAltO 
M,UO 
MAltO 
MA.Ito 
MAttCI 
MAltO 
MAltO 
MAltO 
JrollAlll.O 
MAAQ 
MIAO 
MA.JtO 
MARO 
MARO 
M&•o 
MARO 
M.&'1.0 
JllllA.111.0 
MAll:C 
Jloll&flO 
JlollAltO 
MAltO 
M&•o 
MAlltO 
MAltO 
MAltO 
MARO 
MARO 
M&ltO 
MARO 
MA"-0 
MARO 
M&ltO 
,. ... Q 
MAllO 
MAltCI 
MAAO 
MAltO 
MAltQ 
MAllO 
MARO 
M.&ao 
MAltO 
MA•o 
MAll:Q 
MAaO 
MA•O 
MAllO 
MAltQ 

... 
Ill 
100 
>01 
201 
202 

••• 
10• 

••• 
201 
201 
101 

••• ... 
111 ... 
" . 11' 
211 
211 ... 
211 
no 
121 
222 
223 ... ... ... 
227 ... 
211 
230 
231 
232 
233 
23' ... 
131 
231 
221 
221 ... . ., 
• •• ••• 2U ... ... 
1<7 
2•1 
241 ... . .. . .. 
1U . .. ... ... 
217 

211 
211 
210 . .. ... 
21l . .. .. 
1SI .., . .. . .. 
170 
211 
212 
272 
2H 
211 
211 
21' 
171 . .. ... 
211 ... ... ... 
1H . .. 
2'1 
2•1 , .. 
210 
211 
212 ,.. ... 
111 
111 
297 
111 . .. 
)00 
301 
301 

>•• ... 
••• 
30S 
lC7 

••• 
20• ... 
311 
ll 2 
313 
l U 
l 11 
311 
217 

99 



1n ... ... 
no 

1l1 
U2 
1U ... ... ... 
1>' 

1U ... 
uo .. , 
112 ,., , .. ... 
141 
14' 
1U 

... 
no 
111 
112 ... ... 
111 
111 
111 ... ... 
110 

111 
112 ... ... 
111 
11C 
1n ... 
1U 
1'0 
171 
172 

,,. ,,. 
17' 
1TI 
177 
f71 ,,. 
110 
111 
112 
112 

... ... 
1 It 

117 
111 
111 
100 

"f ... 
113 
~ 14 ... 
Ill 
117 

111 
111 
2•• 
201 
202 
JOJ •o• 
•01 
201 
20• 
201 
JOI ... 
"1 

212 
210 
• 1 • 
211 
211 

217 
211 
211 
220 

CAI.I.. "UNC fl'UNK,'l','fSIC,Nl''l'S,l'lT,l"Ml) 
NP •1111'• I 

2tO Nl'••••lrilACTY 
210 Nl'INl'•NACT'f 

COMl'UTe, THI SCA~! l'ACTOllS ANO STD .. ( TMIUlll IN OU.Tl!• I. SCAl.I CRAD 

ao lOC JX• t. NACT'Y 
$C.U,J•OSOltTlf:RAIJJ. . .JJl I 
ll'llCAL..I 1Eo.11t:n:•a1 sc.o. .. ..i•RUNIT 
DILTXl.Jll•SCAL.J 

JOO C:•ADf.JWI •Cilll:ADIJIJ/SCAL..1' 
Jl'1 NT••C: ra 11 Witt TE I KW. 31011 CiRADI JX l. .JX• I, IH1CTV1 

!l'tO PDllM.A.Tl/21,H SCALID !;R.AOIOIT .Ut5.1/J:Zll,tlll.'TJI 

SCAl.IE OIAW. THI OUCONA!i, ILl!M!lrilTS 01' OSAY AIU SC:ALl!D fO UNITY. 

CO lSI JX• 1, NAC:T\' 
DO llO Kl• I, JS: 

SA•l••t.JX, IU l /I DIEL TX (JI )•OILTXf ICI 11 
"IKl.Nl.JXJ CO TO 320 
I JI' UA .10. ll?IRD I co TO :no 
SA••UN r f 
GO TQ l&O 

:no IJl'IOAISISAI .LT lUNIT•ltLTOll GO 'T'O 310 
330 c;ONTlNUI 

IJl'fNTRAC.C! ·2l WIUTl!l·KW.::UolJl,ICI,$A, lT?JI: 
JCO 'O•MATIJl>I •••••••• l'OSSllL'I' OANC!lltOUS VALUE 01' 

1IH COIJl'f'ICUHT ... ,5l,SH QS&Vl,1l,1H,.!l,::ll'll •,111."7,tX, 
10H JTt:•.t.TlOH.IS) 

:no l!Rlltl.J)C,l(l(j1SA 
:US CONT I NUE 

Il"INTllAC.LT 2J CO ·ta UO 
Wa!Tl!IKW,3101 

JIO Jl'OllMATl/49ff OSAY ll'T•l', SCALE.D, WHl!lll I' JS THI JACOIIAN) ... /tH J 
00 3"70 JJll\,NAC:TY 

:no Wlt1Tlll1CW,240JJX,{?fl:tlll.JX,l(X),KX•1.JX) 
lAO 00 390 .U•1,MV 
310 ISAYll JJC l •l I JJI) 

rNJ'l'lA\.IZe 114.t.SICT AHO N&CT. 
•oo N&CT•NACT" 

CID •10 J)ll1,NY 
C10 MAS.KT(JX)•MASK(.JI) 

MAJlO 
MAJlO 
MAllO 
MAJlO 
fllAJlO 
MAJlO 
fllAJlO 
'4&Jl0 
M&llO 
flllAJlO 
WAJllO 
MARO 

CDll''t' OSAY JNTO 0 ANO CJlAD INTO H . .ANO S!T THI! DIAGONAL E.LIMl!NTS QI' Q.1111.&flO 
THIS JS THI !NU:v l't:llNT P'"Cllll SUltT!"tU.TrOHS IN WHJCl'I ,.LANI IS Ml.JlC 
INC•IASED o• CCIN$Ttll.Al MTS All.IE IMl'OSE.O. MAilo 

420 IC.RANK •0 
.JO•O 
JT IC 
DD •ao JJC.,. NW 

IJl'IMASKIJXI .Nt:.Ol GD TO •so 
JO•J0• 1 
l~INASKTfJX).Nl.OJ C.O TO 450 
JTtJT• I 
H{JT J ••GRAD( JO I 
IC.0•0 
KT •0 
DD 440 KX•t,JI 

JP(MASK(KXl.Jf·R.O) CO TO &&O 
ICO•KO•l 
Jl'(MASICTlkll) .Nl.O) GO TO '40 
KT 1KT• 1 
SA•lfJUU .JO, KO I 
J"(ICX.N!.JX Cll'I. sa.eo.•UROI GO TO C30 
SA 1t1:UN I T•I' L Aflll 
Klll.&NK •KJl:ANK• 1 

430 IRRIKT,JT+1l•S& 
440 CONT 1 NUI! 
CIO CDMT I NUl 

IDLYt: TM! ND•MAL t:OUATtONS l'QR H. TNI! CDRllCflON YICTOR. 

NSMAL •O 
NMU•NACT•1 
IJl'(NMU.10.0) CD TO 110 

MAJlO 
M.UIO 
MA•o 
MAllO 
MAAO 
flllAllO 
MAllO 
MARO 
MAAO 
MAJlO 
WIAltO 
MAJlO 
WIAlltO 

M.&aO 
MAll:O 
MARO 
MAAO 
MARO 
1111.1•0 
MARO 
MA9110 
MA9110 
MA911.0 
!ill.ARO 
MARO 
Ma•o 
MAAO 
MAAO 
MARO 
MAaO 
llllAJlO 

fl:lCIUCI THI IYSTIN TD TJllANCULAllt !'ORM, 
UTILJ:%1"MC THI SYMMITll'Y OJI' TNI MATRIX. 

"4All0 
MARO 
MA9110 

410 
no 
410 ... 
100 

110 
120 ... 

DO &10 JI ' • NMU 
"lVDfll•it!J,J•l I 
11'1,.IYOT.&O.IUl'IO) CD TO "110 
Jl'U•J• 1 
DO 4"70 llCIJl'U,NACT 

IM•IRIUJ,k•l J/l'IY01 
Il'll.M.l!O.ltZllllOJ CC TO 470 
00 &50 L•K,"IAC:i 

r•• nt. L., I• I•• (IC,' L. ! I· IO:JI: I.,,. L • 1 J •IM 
"I K) I H ( K 1 • HI J I •IM 

CONT INUI! 

00 130 JI N'I' 1 1 , N&CT 
... 1INACT•1) • JINY 
~IVOT•l!RRIJ • .J•l l 

DO ·THI illA·Clt SD!i.UTIDN. 

rJl'll'JVOT.LI lt%!"0) NSM&.,•NSN&L•1 
Il'l•IYOT.lltl •U:ROI i;a TO 100 
M{JI 11t?!•O 
CO TO 130 
SUM• •11111:0 
Il"IJ.!O.lltACTJ C:O TO l:ZO 
.J,.Ul..I• I 
DO $10 lt•.Jil'U,NACT 

su1iusu1111•r•RIJ. 11:• 1 J •l'I< Kl 
HI J l •I l'llJ) •SUMI /lltYDT 
CONT INUI 

,., Tl'lf C:DIPP'lCllNT MATJllJ' WAS •uoc. Clf,.tCtltn, l'IUNT ... Mtasaca. 

1•0 

HO 

M•ANKa N&CT •NSMAL 
ll't114•ANK e:o N6CTI ca TO 110 
c:as I .... HUGI 
IP'INTlll.AC.C! •2) WltlTffl(W,SIOl9'1111ANI': 111.&CT,tftlt 
"0A1144Tl/111'~ lt&Nll:·Ofll'IC:IE.NT HOllOilAL !OUATIONS IN MUtO ,11.'TH 

14,TX,tlff 0•0£1t 01' 114&Tll1X J4.•1,10H IT!lllaTION,JI) 
JP'(fllltANK CT.OJ CO TO SIO 
ttP'\.AC• • 4 
CD TO 1200 
ll'CM!TMl).GT.O .• NI). M911ANll..LT.K911ANK) C:.D TO 110 

MARO 
MA•o 
flllAJtO 
MA•O 
MAAO 
llllAJl:O 
MAllO 
MAllO 
...... o 
MA•O 
MAJtO 
MAaO 
MA•O 
M.&111:0 
MAJl:O 
MAAO 
MAfllO 
MARO 
MAllO 
MAao 
MARO 
MARO 
MAltO 
MAlll:O 
MAaO 
MAtt.O 
M&lll:O 
MA•C 
MARO 
Maao 
MAAO 
"4A•O 

1 .MAJl:O 
fllAJl:O 
M&llO 
MAao 
M.&ao 
MAJl:O 
MARO 

l1 I 

'" ••o 
321 
322 
J23 ,,. 
321 
UI 
U7 . .. ... 
330 
n 1 

332 
'33 
330 
3JI 
'31 . ., ... ... ••o 
'41 
342 

'" , .. 
3•. 
HI 
347 

••• 
••• ••• 311 
3S2 
lSJ ,.. 
Jll 
•• I .., . .. ... 
310 
311 
ll2 
HJ , .. , .. 
Jll 
Jl7 ... ... 
370 
371 
•n .,, ,,. 
>71 ,,. 

.,, 
371 
J71 
310 ... 
312 
313 

• •• ... ... 
U7 ... ... 
JIO 
JI 1 ,., 
'" ... ... 
lll . .. ... ... 
•oo .. , 
•02 

•• •o• •o• 
40& 
t07 

•o• • •• • 10 ... ... 
41J 
• I. ... ". '" • 11 ... 
••• ••1 . .. ... ... . .. .,. 
427 ... ... 
030 

"1 ... ... ... ... 
••• 

100 



221 
222 
222 ... 
221 .... 
22' 
221 ... 
no . ., ... 
223 ... 
221 
2JI 
22' ... 
Ut 

Uo 
ZOI 
20 
2U 2•• 
2•1 
UI 
U7 2•• ... 
210 ... 
2U 
2U ... 
211 ... 
217 ... 
211 
HO ... 
HZ ... ... 
2H ... 
H7 ... ... 
no 

.,, 
2'2 
273 
274 

.,. 
271 
277 
271 .,. 
HO ... 
212 ... 
H• 

2&1 
211 ... 
211 
211 
110 ... 
U2 
213 ... 
Zll 
Zll 
2n 

211 
211 
JOO 

201 
302 
203 ... ... 
201 

J07 
JOI ... 
110 

• • c 
c 
c 

UlfPACK AND Dl•ICALI: Tl'll co••rcTtOllll YIC101t "· 
CDM,UTI THI JNNIR 'ADDUCTS SA, .sa. A•D SC, 

110 IA•AZllllO 
l••lllZlltD 
IC •lttUIO 
K• •NY 
1'0•1111AC'TY 
tlT .. l&CT 
DO 110 ..I•• t. MY 

MtUAZIAO 
JPIM&SKIKIJ,111.0) GD TO 110 
l'CMAIKUKKl.JU,OJ GD TO 1,.0. 

""""'"'' IA•IA•H"•GltADllCO) 
ll•Sa•HM• HH 
IC•SC•Clt&OIKOJ••2 
MM• Ht .. ,.MGN/DI L TX t KO J 
KT•KT• 1 

1'70 11;,0•KO"t 
110 HCKl)•HH 
110 ltl•IU•t 

ADD TMI COltRICTJQJf 'llCTOlt TO THI' PA.R&fl!ITUI: VICTOR &ND 
CMICllt P'DA CONSTltAUIT WIDl.ATIDJtS. 
THIS IS THI l•TRY ~Olin '0Ll.DWJIU: A CUTS TIP. 

100 CONT 1 MUI 
II" I NTlll•C. GI .·l J wan11tcw,1101 I HI ..1• I • ..ix• 1, 10· 1 

110 POltM&Tt/1X,1&H CDllllt!CTIDN ,lltS.'7/(211,1111.1)) 
NAO:SY •tt&CT 
Plt.,UN•AUNIT 
11u.oa .. 10 
..llLUOO 

120 OD 720 t11•1,NY 
t'fMA.KT(oU).Nll.01 ca ra "120 
llA' a llAVl·I .ut I 
XMJ•JMAJ(oJJ I 
IMJU IMI JI ( .u I " ..... , ... , 
1'1111.AY.L.T.IM• .Gil. NM.1.1.Rlt!fl:G) ANO. 

{llAW.GT.JIMN .Oil. HH.Cl.IUll'lO)) GO TD UO 
MAIK1(JJl)•I 
ltACTtNACT• 1 ., ... , .... ., 
!Pl •Tlll:AC. Cl.~ 1 J 'nn-rt KW, l:IOJ • .u:. llA'I' JTIR 

1:10 'Oll:MATl/IM 'IX 1i(.J:S.4N) 1 ,l,Z.,,l2H TEIWl,,Oll:&IULY. TO AVOID. 
24M \l'llU,ATING A CDNST~AINT. ,211. tOH ITllllATIO ... llJ 

GD TO "120 
140 XL IM•JCSAW•M"•llRf1t1 N 

11"1.JJl.Nl • .JILJM) G:D Ta ISO 
JP C KIND) l&O, 180, 110 

tie l(..tl)•ILIN 
ll'(IL.IM.LR.XMIJ GO TD 1"10 

ISO IC..ll)•IMI 
.llND• t 
GD TD 110 

1,0 1'111.JM.Cl.IMN) ID TO 720 
110 l(..ll)•JCNN 

JIMO• .. 1 

MAao 42'7 
MAao •JI 
MAllO 421 
MAAO 440 
MAAO 4t 1 
MAAO 4•2 
MARO 41J 
MARO Iota 
MAltO otllll 
NARO Illa I 
NARO ••'7 
M.UIO •41 
MA•O 4•1 
MAAO 450 
MARO 411 
MAllO 452 
MAllO 412 
..... csc 
...... 411 
MAAO •II 
MARO 41'7 
MAlll;O u.1 
MA•o tit 
MAaO 410 
M&.RO 41 I 
M.&JtO 417 
MARO a&3 
MARO a 1c 
MAllO •II 
MARO 451 
MARO 41'7 
M&AO 411 
M&JtO 411 
MAltO 4"10 
MAAO 4"71 
MARO 4'2 
NARO •'73 
MA•O 4,& 
MARO 4'11 
MARO •'71 
flllARO C'7'7 
MAll:O C'71 
flill.&ltO &'71 
MARO &10 
MAllO Cl I 
MAaO &12 
MAllO &ll 
M&•O Cl 4 
MARO C&S 
MARO Cl I 
MARO •1'7 
MARO a11 
M&•O aat 
MARO 410 
MAaO 411 
MAJlO 412 
M.&AO &12 
MAtlO Cl& 
MIRO •tS 
uao •11 

110 Jl'( ... 1.Nl .... ILIM) G:O TO 'HO MARO 07 ... ... 
100 
IOI 
•02 
103 
104 
IOI 
IOI 
107 
IOI 
sot 
II O 
111 
112 
llJ 
Ill ... 
111 
117 ... ... 
S20 .., 

ll'INTtl&C.LT.•11 GO TO "TJO MA•O 
WIU TaHC.W, '700 I ""JC, I ( JX l, ,llM! H, rTllt MAJltO 

.,90 ,DIMAT(/llM CONSTltAlNT VIOl..&Tt:D IV X(,ll. M•llO 
2011). VALUI RESET TO ,111.l.24H USJNC CUTSTIP 111'.&CTDlt ,112.SM.&llO 
,Sl,IH ITIR.,111 MARO 

CD TD '720 MAllO 
'710 lf'(NLODP.Nl.O) GO TO '720 NARO 

OINOIO ICL IM• XIAl' MAlllO 
I' ( DINDN. 10. •ZIJtC I QC TO '720 M&AO 
,RAC•tlC{J•) .. XSAY}/CINOM M&"O 
I'f'R•C.Cl.,•Ml .. I GO TC '720 MAltO 
ISRMt N •, •&C MAAO 
..llLIM•JX M&•o 
K8ND•..leND MARO 

'720 CGNTUIUI MARO 

JP THI PltO~OllO STiit WOULD YlOL&T'I ANY Al.•l&D'I" ACTIWI CONSlllAINTS, 
PU TMDll CGMPONINTS D' N IOU.AL TD ZlllO AND ltlCDMllUTI THI 
OTHIR COM,DNINTS. 

l"(MACT.GT.OJ GO TO 140 
l(l"L,ACi•J 
1'1 NTllAC, '-T. -2 I GO TD 1200 
WltlT!IKW,130) 

,,0 l'OltMAT(////4'7M APft.&AINT CONSTAAINID D'TO•UM L.Jll IN A CDllflllll:.) 
GC TC 1200 

'74Q 1' ( NAC"T. I. T. NACS'I' J tO TC 420 
ll'INLODP.Nl.O) CO TO '710 
NLDIP• 1 
11'1.ilLIM.Nl.OJ CC TO 120 

,10 CONT I NU! 
IF{NTRAC. CE. 11 WAITE! KW, '7&0) I JI ( JIC) ,""111,111VJ 

'710 FDRMAT(/t1U,IH J ,1111.l/t21l,tl11.7J, 

CALCULATI THI IUW 'JTTID WALUES. 

CALI. 'UNC ll'UNK,Y.VSICO,M,TS,lllT,,HNIW' 
NF•N,• 1 
1' I _."NIW•PMJ J IJO. '7'70, '710 

THI NIW llALUI OP' PHI 11 fllACTl'!' IOUAL. TO THI DLD VAl.UE. 
CHICK ~a• CGfllVIAGINCI IJNOElt TM! flll"L..IT a~TIDN. 

•no IFfNP'LAT.IO.OJ :a TD 130 
1.~LAC0t2 

l'INT•AC.L.T ... 11 GO ta 1:10 
WllITllKW.'71Cl 

710 l"Olllfllll.&T(/l•IM COHYIRCE .. CI ACHll\l'l!O UNDllU THI lll'LAT OPTIOll.) 
CC TD 120 

THI Nt!W VAL.UI 0' PN1 JS IUIATIR THAN THI! DLD YA'-UI. 

110 CDHTINUI 
JP(NTaAC.Gl.11 WllJ"'l"lfl.W,100,,Ml,,HNIW 

100 POaM&Tl/23X,10M OLD'"' 1,1!11 &,ll,10M llllW PHI •,Ill.I) 

CHIC:K WNITHIR ..llUI MAS llCllDID MXSUI. 

M.AlllO 
"4A•O 
MARO 
MAIO 
M&lllO 
M&ltO 
Maao 
••Ro 
M&•O 
MARO 
MAllO 
MAllO 
MA•O 
M••O 
MA"O 
MARO 
MAlllO 
MAlllO 
MARO 
MAlllO 
M&AO 
M&•O 
NAAO 
MARO 
MAttO 
M&llO 
flillAlllO 
MARO 
MARO 
NARO 
MA•o 
MAIO 
MAltO 
MARO 
M.llllO 
flllAltO 
flillA•o 
MA•O 
MAltO 
MAll:O 
MAltO 
MARO 
MAltO 
MAllO 

S22 ... ... ... ... 
U7 ... ... 
IJO ... 
IJ2 ... ... 
us ... 
137 ... ... 
.. o ... 
••2 ... 
IU 

••• • •• 101 . .. ... ... ... 
112 
ISJ ... 
IH 
Ill 

101 



... 
J12 
J.U .,. 
'" ... ,.,., ... .,, 

110 

lrt.llUl.GT.MllUI) GO TO 110 
IP'(MIT"Dlll0, 1010,l•O 
KP'L&G• • 1 
IFlllT••c Cl • tJ '4HITl!tKW,120IMXSUI 

120 POHIATl//43 .. llCllOID MAK1MUM N~Mel• 
• tHINMA•O.J 

1:10 DD l&O .11•1,MV 
ltO ll.l.Ul•lCSAVtl.JXI 

~:L;o"~:;o (PUNK, y • .,.,, ..... , •• l'l T. ""It 

0" SU81Tl•ATJONS •.I~. 

c 
c 
c 
c 
c 

TMI NIW P'IT IS wa•sr THAN TiU OLD P'1T COMl"UTI CDSJN fNE co ::c~::. AN,LI llTWllN THl SCA.LID G•&DllNT Alta TMl SCA Lia CD••·=~~: .. 
HO ... ... ... 
... ... 
JZI ... ... 
121 

SJO 

u• ... ... ... ... ... .. , ... ... 
HO 

••• 
lU ... ,.. 
141 

••• ·:U1' 

l•• ... 
llO ... 
lU 

c 
c 
c 

c 
c 
c 

c 
• 

110 Dlll·DtOll•SC 
Jll'{QINQM.Ll.•ttll:DJ GO TO 110 
CDS IN •IA/OIO• TI DINQtiO 
IP'{CDllN.GT.ClllJTI ca TO 110 

COii• JS NOT CRIATIR THAN CU1. INCRl&ll THI V'ALUI 01' L&MIDA. 

&10 

no 

U"P'AC 1 Ull'NU 
Ul"lrtU•OMlN1 (UJ>NU•ltTWQ,fl'Nt.:I 

~~l::!:~ .. !:~ ~~,~~PAC•OMI JI t I 16'1'AC, f'NULll4••Ull IT /P LA.Ml) 

IPtNTIUC.GE 11 waJT_lflitW,1101.JSUl,COSJN,Jfl..Ato!I 

l'Olt~;~ t ~~:7 ,::;;I 5~~ ~ ~~~:~ ~~:: !~. ~=-~~= ! ~;~~~:~ LAMICA .• , 1, 

GO TO 400 

GO l&Cllt AND ,0,_M THI NORMAL IOUAT t ONS 
USINC A LA•Cll'. YALU! 0,. L.l.M80A. 

cos IN IS c:•e• TIR TH,&fl CR r T. CUT THIE JllJAGN t TUD& DJf THI STiit. " 

110 STl'AC •STl'AC/l'CUT 
ll'IMITHO.Gl.O) GO TO 110 
l'MGN•P'MCN/JfCUT 
.GO TO 100 

110 ?Jf fMITHO, EO. 1) l'LA.M80'LAMl••TWO 
10"0 DO 110 .Jll•1,NV 
ltO Hl.U')•(X{.JX)•XS.A.Vfl..IK)J/'CUT 

'CUT ,,.CUT•lt ACC4 
lltfNTRAC.GI! 1) w•·JTl(KW.l2'0)JSUl,-COSIN,ST.l"A.C 

120.JfOIU•&Tl/llH •••• suarTE•AT10N,ll,4X,lSM TAKE l:UT STlltS .• •X, 
UM COS(CA.JllMAJ •.112.S,IX,1'7H CUfSTEI' JfA.CTO• ,·,112.S) 

C:-0 IACll: AND TRY A SMA.1.1.IR CUTSTl!ll. 
GD TO 100 

THI W-.t.l.UI OtJ' ll'HI NA.I DICRIAll'D. TRY A MALI' STiit. 

IJO tl'(MITH0.10.0 ,Qllt MIT"D,10,2) CO TO 1010 
DO li&O .JX • t, NY 

l(flM~{.IX)•ll{.JX) 
Il'IMASK{..iK).Nf..OJ CO TO 1.tO 
XI ..ii I• XSA.lflt .JI)• IX ( JX J • ISA~E I JI)} /RTWO 
X(.JJCl••MAX1 IXMUI( JX I ,OMIN1 'XMA .. (JX I. XI .J,J, I JI 

140 CONTillUI 
OD 110 JPT • 1. lt,TI 

110 l'tTSY(J~T)•l'ITl..JllT) 
CAI.I. PUNC Cl'UNK,Y,YSIC,NllTS,l'IT,llHALJf) ,.,. .. ,., 

c 
C USI OUADR&TJC INTllltPOLATION. IN oaDIR TD TltY TD a&t"INI THl 
C POSITIO-N DJf THI MJNIMIJM OJf llML 
c 

JSJ ttLJfAC•RUNIT 
JS& DUtOMl llTWD• (I PMNIW~ ltHALI") •I llMAl.fl' •f'H I I) 
1·11 ST,•C •ll:UJtO 
,.. IP'{DIENOM.Ll.RZl!ltCI} GO TO tao 
11'7 STP'AC• ( llM J '"ltHNIWJ /OINQM 
218 RS, A.Ct ( lltUN IT +ST,AC J /It.TWO 

DO NOT IXTllAltOLATI. 
2&1 t1•tsTPAC.Gl.fllUNITI STP'AC•lll.Zl!fllO 
:ICO 110 aa 1'70 J-X• 1 'NV 
'" Hf..iX)•lCIJX) 
:112 t'TO ll(41J•XIJX)•lllTIM1'1JXl•llJJl'))••f'r.IC 
SIJ IP(lt"A'L,.Gl.PHNIW) GD TO 1010 
:1&4 RL''AC ••UN IT /RTWO 
211 JSU• •.ISUl• 1 
l&I DO 110 JXaLNV 
S•'T 110 ITl ... ll(JX)fH(Jll 
318 00 110 J•T•1,N•TS 
181 110 '1TS'ICJl'Tl•Jf1TIJit"fJ 
,.,. IP'fNT•.t.C.GI. t I WJltTf(l(W, IOOO)llHNIW,,WALI' 
:1.,1 1000 l'ORMAT(/21M HALJf STI~ SUCCllD!D., 11X,IH ltHNIW 1,ltl.l .• 1IX. 

IM PHALI' •.!11.&) 
1.,2 ,.HNIW•l'H.&L,I' 
J'UI 1010 ll"ISTJfAC.10.ltZ!.llOl GD TO 1020 
,,. CALI. JfUNC (l'UNK, 'I', YSIG,NltTS.rlT,rHIJ 
JTI Ml'•NJf•t 
S'I IPlltHJ.LT ... HNIW1 GO TO 1010 
,.,, 1020 DO 10:110 JX • 1, J\IV 
,,. 10:10 X(JX)IXTIM,.l.SX) 
2.,1 DD 1040 ,1,.T•t.NltTS 
JIO 10•0 , IT ( JllTI .,. nsv f """TI 
JI' J.I' I ST,•C .-10. RU:•o I CCI TCI lOIO 
312 JJfOIT"AC.LT. t) co TO 1oao 
3aJ wan1111:w,101o•Rsira.c.it"1 
,.. 1010 PD .. MATl/21W ouao•ATIC INTfltllOLATtDJl.,221.IH ..... , ••• 12.1,nx. 

IH "" 1 • , I 11. & ) 
Jll CO TO t 010 
211 1010 JtL,At:•JtSJfAC :I•' •MNIW••1'4I Jll JP'(tlTAAC.GE.11 WlllllltKW,10'70)RLt"&C,llMI 
,.. 10'70 fl'ORMAT{/J'IH ouao••TtC JNTl:lt.l'OL.ATJON SUCCllDID •• u•.IH kLPAC •• 

lt2.l,t11,IH lllHJ 1,111.&I 
2tO 1010 l'P'l•LJfAC.1.1.1ue•o1 c:o TO 1090 
lt1 l'l,AMa•l'L&Ml/aLJf•C 
111 J'l"'-f:TND.LT .oJ '"MCN•'""u:N•JtL,AC 

c 
C THI STI• ts ACC!llllO. T!.ST ,Oa CDN¥11tGINCI IJf ND COlllSTltAJNT 
C llC&MI ACTJYI DUalNG TMll JTlaAT1DN. 
c 

JIJ 1010 CDNTINUI :u• 1,tNTJlAC.Cil.tl waJTl(ltW.1tOOllTIR,,HNIW 
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NARO .. , 
MAJtO ... 
MARO ... 
MARO 110 
MAllO ,., 
MARO ... 
MAltO ... 
MAllO ... 
JllAao . .. 
flltAltO ... 
MARO '" MARO ... 
MARO ... 
MAltO no •••o '" MARO ,,, 
M.A.ltO .,. 
MAaO ,,_ . 
flltA•O ... 
NARO .,. 
MAAO "' •••9 ,,. 
MAAO .,, 
flltAao 11·0 
M.aao ... 
... .. 11:0 ... 
"4AAO .., 
MARO ... 
flifAltO ... 
Maa.o ... 
MAll:O . ., 
M.&JlO ... 
MAll:O Sli 
MA.RO ltO 
MAAO 111 
M.AAO ... 
NAltO Ill 
MA.AO • •• MAAO ... 
M&•O ... 
MAltO '" MAlltO ... 
MAJl.O ... 
MIRO •oo 
M&Jl:O 101 
MAltO •o• 
MAaO so• 
MAllO 10• 
MAAO IOS 
MARO IOI 
MAltO 101 
Ma-ao 10• 
MARO IOI 
MAJllO 110 
MAao '" MAAO ... 
MARO ... 
N.UO ... ,.. ... ... 
MAAO ... 
M&ltO I 1' 
MAltO ... 
M&ao ... 
MA.AO 120 
"4Allt0 ... 
M.llt.O ... 
MARO 123 
MAJlO ... 
MAllO ... 
MARO ... 
MARO ,., 
M&•O 121 
MARO ... 
..... 0 no 
MAltO '" MAAO 122 
MARO Ul 
M&•O ••• 
MARO ••• 
MARO ,., 
MARO ... 
Matto ... 
MAao ••• M&AO ... ..... ... 
Ma•o ... 
MAAO ... 
MAllO ... 
MAltO •.. , 
M&ao ... 
M&AO ... 
MAAO 110 
MARO '" MAAO ... 
MARO ... 
MAAQ ... 
MAll:O ... 
MARO ... 
MAAO . ., 
MARO ... 
MA.RO ... 
MAAO uo 
MARO ... 
MAlltO .. , 
M.l.aO Ill 
M&llO ... 
MAAO ... 
MA.AO ... 
M&lt.O '" MAAO Ill 
MAAO ... 
MAAO no 
MAJlO ,,, 
MA•O ,,. 
MAaO .,. 
MAlltO .,. 
MAAO .,. 
NAAO .,, 



... ... . ., 
UI ... 
000 
•o• 
002 •o• 
•oo 
001 
001 

•01 
•01 
•01 
'10 ... 
'12 ... ... ... ... ... ... ... 
'20 
'21 
•22 
'23 

•2• ... ... ... 
... ... 
'30 ... ... ... ... ... ... 

c 

t 100 '0AMAT 1/1 IM IN'D IT!AATIQN,ll,llX,lt4 PHI t,!11.IJ 
l'tol I ll'MNIW 
11'1..IXLIM.C:T 0) C:O TD 1UO 
DO , I 10 J• I I. NV 

ll'"IMASKIJ•I N!.OI CD TO 1110 
Jl'!O&ISl•l_,l)•XSAY!IJ"Jll) C:T.OILMNt.nl) C:D TO 1130 

1 no CDNTINUI 
KP'L&G •I 
.,INT•AC.LT.•I) C:O TO 1200 
w•ITEIKW, 1120t 

1120 l'QUl.&T(//:llM CONVl•CEO WHIN THI STIEi' llCA"4! SMALL.) 
C:D TO 1200 

C THI lTIRATIDN H.&S NOT YIT CDN'tlllCID. 

• 

• 

1UO IF(JTllLLT.MAUTI CD TO 1110 
ltll'LAG••I 
WlllTEl1tW, 1110IMAICt':' 

11410 l'OAMATl/t•&H M.&UMUM NUM•Ell: 01' ITlll&TIDNS ll!ACl'fED 1111 llAflO.,IX, 
I" MAX1T 1,IIJ 

GD TO 1200 

c ., SUllTlll.&TIDNS we:•e NCIT l'llfll'ORMID THIS ITIUtAT1DN. Dl"CfllASI l.AMIQ.&. 
c 

'110 l'INI" C:I N,M&•I CD TO 1140 
I'IJSUl.GT.01 CO TC 1!10 
l"MCN•OMIN1 I l'MC.Na•TWD, lllUNIT I 
SCAL..I 1 llUM I T•I' L•f"l!t 
Jl'(SC.&LJ.CT.111.UNJT: ,-lA,.,.l•l'LAMl/DOWNt,; 
Ul'NU•OOWNU 
OOWNU •CIMI N 1 ( DOWNU• ll:TWO. ll'NU 1 
CO TO 1170 

1110 11'1METHO.Nl.1) GO TO ll'TO 
Ul'NU • l'NULM 
CIDWMU•ll'NULM 

, 1'70 CONTINUI 
C CO IACK .&llD 00 ANOTMll!Jt rTllllAT! ON. 

CD TO 1'70 
1110 ltl'LAC:1"•7 

WllITl!IKW, 1 llOINll'MAIC 
1110 l'DaM.&Tt//2:1H NI' H.&S ll:IACHIO Nl'MAX •, t'7,IM IN M.&JlO.) 

c 
c • • • • • • • • • ••• 
• • • 
~ 

• 
THI 1TIR.&T1 OH H.&S TIRM1 N·.ATl!D 
"JtlNT OUT THf. DAT:.. ll'JTT!D YALUl!S, &MCI -.!SIOUALS. 
COMl'UT!. aND l'llllNT THE STANDARD DIVJATION 01' THI DATA l'ROM THI l"lT. 

1200 CONTINUE 
IC•OSORT(SCI 
IF(NTRAC.LT.•11 CD TD 1210 

Wllll Tl I KW, 12TO11 Tiii:. N,-. "MI. l"MCN, l"LAMI, SC 
1210 l'OIM.&Tl/TX,l'.111'1 ITl!lll.ATIONS.7X,SH 'ti' •,11,lll.IM ,, ... I 1,1t1.1,1ox. 

'7H l'MCN 1,fl2 5.71l,9H lAMIDA i,fl2.S//lll,11H NDllM OF SCAlr.10, 
• 1IH GltADllNT YICTDlll. 1.!12.Sl 
W"ITl(KW,'7101 IX(.JJI I. J"IC• 1,NY] 
IP(NTlllAC.CE.O) W•IT!fKW, 1220) 

1220 l"O•M&Tl//114X,1HJ,IX,SH V(.1),111(,'?H 'ITIJ],lOX. 
12H YIJJ•l'ITIJl,1X,IH YSJGIJl,111.UH t1•1'1T)/YSIG/1H 

SlG"'I I Ci l 1 I 

MARO 177 
MAao 111 
MA•O ... 
M&ao 110 

•••o ••• MA.aO 112 
MAJllO Ill 
...... o ... 
M&ao ... 
NAaO Ill 
M&ao 117 
MAIO IOI 
MAJllO ... 
M&ao 110 
MARO II\ 
•••o 112 
MARO IU 
MAIO ... 
MAllO ... 
MAIO Ill 
MAIO 117 
MAl:O Ill 
MAJlO . .. 
MAllO 700 
M&tl:O 701 
MARO 702 
M&lllO 703 
MAIO 70• 
MAltO 701 
M&•O 701 
MAllO 707 
MARO 701 
MAIO 701 
M&llO 110 
MAIO 11 I 
MARO "2 
MARO 113 
MAlllO ... 
MARO ., 11 

•••o 711 
M&•O 711 
MARO 711 
MAJllO 11 I 
MAIO 120 
MAll:O 121 
M.&10 122 
MAJllO 723 

•••o ... 
MARO 721 
MARO 721 
M&lllO 727 
M&lllO 721 
MARO 721 
MARO 730 
MAflO 731 
MARO 732 

"'""0 733 
MAllO ... 
MARO 731 
MARO 7>1 

•27 lllfo!SDV • IUllll'Q MAllO 73'7 
421 SDVMX•IUIJlO MAIO '731 
421 DO 1240 •"'T 1 1 , NPTS MAlllO 731 
•40 l'(Ll!'.OU.l!0.01 SICO•YSICO(J•T) MA"O 'U.O 
4•1 YY•Yl.JPT) M.UtO '741 
••2 PTUUOVY•P'ITIJPT} MAIO '742 
443 tltTl'.aM•PT!llM/SIC Jr4All0 '743 
444 tl'INTR&C.Cl OI WIUT!IKW, !:Z:JOJJPT,V't',,ITIJ"T)..STlllM,SlC,•TUlM MAllO 'U4 
.&41 1230 l'OU4ATISJl,ITO,Sll.fl5.l,Sll,fTS.l.Sll,!12.$,IX,112.l,10X,112.1J MAltO '711 
•41 ll:MSDV•Jlf!llSDV•JlTl!U·4•• 2 MARO 711 
lo117 12o110 SDYMK•OMAXlfSOVMIC,OAISlflTUlMIJ MAltO '7"•1 
141 DINOM•N,,TS•N&CTV M.AflO '741 
•at WA1Tl!f·ICW, 12SOIDINOM MAJlO 711 
110 1210 l'DflM&Tl//J2H NUMlfll: Off OEClll.l!IS DI' ll'lteEDOM a .112.1 , MARO '710 
111 1'1DENOM.Lf.ltZl!lt0) CO TO 1270 MARO 711 
112 ltMSDV•OSOJlTfll:MSOV/OENOM) MARO '712 
113 Wll:ITl!(KW, 1210)111.MSDY JlllAJlO '71:1 
•I& 1210 l"OltMATl/&3M 111..M.S. SC:ALl!CI OIYIATJQN DI' D&TA ,.ltDM 11'1T 1,112.1) MAll:O '711 
Ill 12'70 CONT I NUI! MAlllO 111 
o1111 Wfl1Tll ICW.12'10ISO'fMI. JlllARO '711 
11'7: 1210 l'DllMAT(/27H MAXIMUM SC.&L!D DEVIATION •.112.51 MAAO 71'7" 

C M&ftO '711 
C CALL l'UNC TO SIT TMI ll'INAL V.&LUIS. MA"O '711 
C MU07» 

Ill 1210 C.&-LL l'UNC (l'_UNK,Y,YSIC,Nl'TS,l"IT,l'HI) MA"O 711 
Ill 1"01..l•l'Hl M&JlO '712 

M.&JlO '713 
CALL MOEltJl TO l'ltJNT THI! l'Alt&MET!Jlt lll:ltDltS .&NO COltlll!LATJONS. MAllO '714 
A DUMMY •OUTINI M.&'f I'll SUISTITUT!.O l'"O• MOIE•lt J!f TMISI &Jtl NOT NllDID.M&llO '711 

MAll:O 7SI 
•IO Jl"(MATULl!0.01 ll:ETUIU• MAJlO 71'7 
•• , CALL Mot:•• fNACT'tl,N,,TSI M.&•.o ,,, 

C MARO 711 
•12 fJOO •ITUJlN M&•O 1''70 

C IND M.UtO M&•O '7'f, 
11:1 IND Maao 7'72 ... 
... ... ... ... ... 
&70 ... 
.,2 

SUIADUTINI l'UNC (,-UNK,Y,YS1C,Nl'Tl,1'1T,ltHJJ 

Ul'O.&Tl!D IY .I CH&NDLEJt, OSU Dllt.&lllTMl!NT D' !:OMl'UTINC ANO 
JNl"OflMATJOJril SCllNCl!S·•.J ~ANSON. UCC US!Jt S-EllVICl.S, M&Y 1111 

l"UNC C.&LLS l'UNI( 011: 1"0',.ll TO CDMltUTIE THI! .&IU.av 011' l'ITTID Y.&LUIS l"ITM. 

OOUILI! l'JIECJSJOM Y.YSIC.,Wa.tAll,XMJN,DELTX,D!LMN,l•R,1'01..1, 
l"t..&MI, l"HU. llll!LD'°. llll!LMM 

OOUILI l'Jt!C1SION lf.l'lf,11',l'HJ,SIC 

DIMENSION Y[IJ,YSICl11.!l'ITl1l 

COMMON ICSTllt/ W(20J,1CfriilAIC[20l,1C"'INl20l,Dl!LT•f20l,DILMN(20I, 
1!1•120,211.ll'Ol.J.NV,MHl&C.MAT•l."4451(1201. 
Nl"M&JI', Nl'LAT • .JVAJI Y. NII '!'JI~. ICll'LIC NOii:!~. Kl!.ll'L. ICW 

COMMQH I H LL Sil/ II' L •Ml, ll'NU, 11:1L0', ll:l!LMto. 141!T HD. Kl.LC~, KOROi', MAlt 1 T, 
LIOU,MICSUl.MXU•O 

llZllllD•O 
l'"lKALCl'.lfl.O) GO TD 10 

l"UNC 
l'UNC 
,-UNC 
tll'UNC 
l"UNC 
l"UNC 
l'UNC 
l"UNC 
l'l.INC 
l'UNC 
l'UNC I 
l'UNC I 
PUNC 10 
l'UNC II 
l'UNC 12 
,-UNC 13 
l'UNC .. 
l'UNC .. 
l"UNC II 
PUNC " 'UNC II 
l"UNC II 
l'UNC 20 
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• .,~ 10 ,. :so 

.• ,. 10 DD 10 Jl'T• 1,Ml'TS 
.,. CALL l'DPl(..ll'T 0 NY,ll,PI 
4'71 20 PITl..IPTI•• 

.,, :ID PHI •IZIRO 
4'71 llG•lllG( 1 J 
4'71 DD 10 .1P1 •I, JIPTS 
Al• JPILIOU.ID.O) S1C•YSIC(.1P11 

CMICK. l"DR Atl U.LICAL YALUI or 111. 
Al1 IP'lllG.l:T.R1l•Ot GD TO 10 
482 WAITlllC.W,&O)LIOU,.Jl'T,SIG 
Aa:I 40 POii.MAT l/21N l••D• JN MA•O. LIOU 1 , 11 •SK, IH .IPT 1, II, II, 

'" TllC 1,112.5.UH IS .\.I. z1ao.) 
Al4 STOP 

All •ITURJI 
IJIO •UNC. 

Al'f IND 

481 SUl•OUT1NI CAL CD I Jl'T, P, LPDMA, Ll'DMI) 
c 
c 
c 

UPD&TI IY .I. C.H&NDLIR. MAY Ult, DSU COM,,UTIR SC llNCI 
DIPARTMUfT••.1. N~NSDJll, ucc usl• 11.•v1c1s 

c 
c THIS IS A DUMMY~·. VlllSION 01' SUl•OUTINI CALCD. 
c 
c 
c 

A NON-DUMMY' 'fllli.SIOJll OF CALCO MAY at:. USED IDPTtDkALLVI TD SUPPL" 
10 MAlt:O .ANALYTt'C YALUIS 01' THE ILEMINTS OF THIE JACOBIAN MATIUI., 
llSTIAO OP' A"ltRD:XtMATlNC THEM IY' l'INITt Dll'P'l•!NC!S. 

c HOWIYlll., MOSt usr•s PlllP'IR TO IJIE l'INITE Dll'PIRINCIS. ... 
no ... 
U2 

c 
DDUILI "RICISJON • 
OJMINSION PILPDMA,LPOMI) 
RITUIUI 

••• ... IUlaOUTINI DIRIV (.IPT,PUN:&,t1•TS.PIT 0 PJTSV,,,L,DMA,LPDM8) 
c 
c 
c 

UPDATID IY ... CHANDLI". aSu DIPAllTMINT DI' COMPUTJNCi AND 
lllP'ORM.l.TlON ICllNCES~• .... H.1.NSON. ucc us•• SEllVICll 

c 
c 0&11'1 •• 1 .I.. II. S. I .. ,STA:NOARD POltTR&• M.l.l Ha1 
c 
c 
c 
c 
c 

D•RIY CDMPUTll TMI JACSl!'ll.l.N ·M&TlllX ' USING ll'INITI OIP'PIRINCl:S·. 

ltl-.1,KI 11 Tttl 'AllTl-AL DIAJYATIYI! GP' PJTl""I *"ITH •ES"l!CT TD X(ICI. 
IF kOl.DP'.iO. t, O·IRIV USIS A JllONCINTAAL DlP'Plltl!NCI! FORMULA. 

... ... ... 

... ... ... 
100 

101 
102 

"°' ... ... 
HI 
10• ... ... 
110 
111 
112 
IU 

c 
c 
c 

c 

c 

c 
c 
c 

c 
c 
c 

JP IC.·OltDP.10.Z, Dl•JY USIS A ClNTl,AL OJPf'!RINCI fl'GltMULA. 
KOll.DF.10.1 IS A80UT TWICI AS !'&ST AS KORDF.I0.2, IU~ LIS'I &CCU·•&T'I. 

DOUILI PlllCl81DN ,.,XM.1.X,IMIN,OILTX,DILMN,llUt,F·Ol..1, 
• PLAMI, FMU, 11t:•LDP, -.,ILMN, IUIJlC 

DOU&LI 'lllCJSlDM l,fl?T,•1TSY,DIL,TWODL.XSAYl,P'IO,Pl1 

DIMl·Nl IDN Pl Tf 1) • P'ITSY ( 1 I, '·t LPDMA, LPDMI) 

COMMON /CITI'/ lllOl ,KMAXl20) ,JllCJN(20) ,DILT11(20J ,DILMN(2DI, 
l·RR( 20, 21 J, FCllJ. NY, ~TIU.C., MATltX, MASI(' 20), 

• lllPM.l.JI, N.,.LAT • ..t'f'ARY, NXTltA, KP'LACi, NOit!!', K!RP'L, KW 
CDMMQN INLLIC/ lll'LAMI, l'NU, lll:ILDP', lllLMN,METHO ,KALCP, KOltD'P' ,MAXJT, 

L.IOU.M•SUl,MIUl'D . 

llZlltG•O. 
.IVAll.Y·•O 

IAYI P'IT IF ICALC,.Gl.O • 

IPIK.ALCP.LT.O) CO TO 20 
DO 10 .1•1,NPTI 

10 •ITl¥1.IJ•PlT(.aJ 

LDDI' OVEtl TMI &CT.IYE l'AAAMITeRS l(.al). 

20 K••O 
DO 110 .IX• t, NY 

JF(MASIC(.JX).IH.0) GD TO 110 
Cl•K11•1 
DIL •lllLDlll'•ll ..IX I 
l•ID!L.IO.RZ.IRDI DILUILDP 
ISAYl•l(.aXJ 
l(..111l•ISAYl•Dl!L 
TWDOL •D&L •-OIL 
JP l"'.1.LCP J t 10, 2·0, ,0 

l(ALCP.10,0 . CIMPUTI '· ONI COLUMN AT A TIMI. 

ltc SO CA'-L PUNIC IP1TJ 
111 1P'IK.D•DP.10. Z I liO TD 10 
Ill DO •o J•t ,NPTS 
117 •o l'l-',Kll•l'ITl-'l•P'ITSV(.l)JIO•L 
Ill GD TO UO 

ICALCP. 10. 0 ANO KDIGF. 10 2 
'!Tl.JI WILL II DISTllOYIO. 

ltl IO 11-'X) •llAYl•DIL 
120 DO 10 JI 1,N,.TS 
111 10 l'JTSY(,.ll•P'1Tl""J 
111 .I VAiil •.ii 
12, CALL ll'UllK l•ITJ 
12• ""YAlll•O 
121 DO '70 ""• 1, NPTS 

IN TH-IS CAii, TMI I lfPUT 'f'AL UIS DP' 

IZI 70 •l.1,Kll•lP'l'UY'-'l••ITl..llJ/TWOOL 
127 CD TO t•O 

1..1.LCP .ca .o CDM,UTI P, 0111 ILIMllllT At A TIMI. 

Ill 10 DD TOO JI t, lf,TI 
111 CALL FDFI 1.1.NY.X,l'rt) 
120 IP'lltDAOP.10.:JJ GO TD 10 
''' Pl.a,cr.l•IP'Xt .. ll'ITIYl.IJl/DIL 
1:12 GD TO too 
1:n 10 r.tJXl•••A•l·DU. 
134 CALL '01'1 1.1,NY,X,,XOI 
l~I l'(.1,Kl)•f"l'•"lO)/TWDDL 
121 ll..111•1-l&Wl•OIL 

104 

'u•c 21 
P'UMC 22 
PUlllC .. 
PUlfC .. 
PUllC 21 
PUNC •• FUlllC n 
FUNC 2·• 
•u•c 21 
PUNC '° PUNC .. 
P'UllC 02 
PUNC .. 
PUNC .. 
~UNC •• l"UNC .. 
PUllC .. 
Pullie .. 
PUllC 21 
PUllC •• 
PUtlC .. 
PUllC u 
PUNC •• 
CALCDUMt 
C.ILCDUM2 
CALCDUMZ 
CALCDUM2 
C&LCDUM2 
CALCO UM, 
C,UCDUM& 
CALCDUMI 
CA1.CDUMI 
C.l.LCDUM'7 
CALCDUMI 
CALCDUMI 
C.ILCDUIO 
C&LCDU1 t 
C:ALCDU12 

DIRl V 
01111¥ 
L11Rl'f 
Dl•JY 
DClllY 
DEAIV 

.. OIRl'f 
DUl:J'I 
OIRIV 
Dl!lll'V 
Dl•IY 
OIRJY 
01111¥ •O 
DIAJY 11 
DllillY 12 
DllJY .. 
DllJY .. 
DIRIY 11 ... ,, 11 
DllJY 17 

DlllY 11 
ar•sv 11 
D'IRIV 20 
DIRIY .. 
OIUY 22 
OllllY .. 
DIRJY u 
Dll.IW 21 
01•1v 21 
a1•1v 2T 
DIRIY •• 01a111 21 
OllllY •• OIRJY .. 
DlaJY 32 
DIR1Y .. 
Olll1Y •• DIRl'I •• DUti'I •• Dl•IY .. 
DIRIY •• OllllV •• DIR.JV &O 
Dllt.IY .. 
Dl•l'I •• 
DIRIW .. 
DIRJY .. 
Dl•IV ..• 
Dll IY .. 
DE·llY .. 
DlllIY .. 
011.n •• 
OIRI v 10 
Diil-iV 11 
Dllll'f .. 
DIRIY .. 
Ollll v .. 
Dltllf SI 
o••rv .. 
OllttY .. 
DElllY .. 
DI.Ill Iv .. 
DI" I Y 10 
011111'1 .. 
011111¥ .. 
01111 lV .. 
DIR.JV •• Dltl: I '1 IS 
Dl•l'I .. 
01•1 y .. 
DIAi V .. 
DElll'I .. 
Dlltl'I •• 
DllllY ., 
01• 1 y •• Ollll '1 ,. 
DIR.IV .. 
Dl•tv .. 
01111 Y .. 
DIRJW .. 



1:n 100 CDllTJllUI 
l~I GD TD UO 

K&&.C,.LT.O . COMPUTI DNI aaw a,'· DNI ILUoil!NT AT.& TIMI. 

121 110 'ITIYl1l•l'ITIJPTI 
160 CALL PQPl IJPT,NY,l,PX11 
lilt JPtlCDllDll.I0.21 CD TD 120 
lil2 't1,ltlS•fPXt•PJTSY(1IJ/OIL 
l•J CO TD 130 
166 120 X(,Ul•lSAYl .. D!L 
tel CALL ,.OPJ (J,T,NY,l,l'XO) 
l•I •(t,ICJll•ll'J11•1"XOl/TWODL 
It, UO l"IT(JPTl•l'ITSYt11 

c fllSTD•I l(JI}. 
lill uo I ( Jl JI ISAVI 
lfll 110 CDtlt I NUI 

lie IP'tKALC,.LT.01 R!TU•N 
111 00 110 J 1 1, N,.TS 
112 110 'ITlJ·J•PlTIYl..IJ 

112 JllTUJlN 
lllD DIJllY. 

Ila IND 

Ill IUIADUT I NI JiiilOlflR ( NACTY, NPTI I 
c 
c 
c 

UPDATID IV J. CKAND\.lll. DSU O!PAllTMl!:MT DI" COMPUTING AND 
111,0llMATlDN SCIINC!S••J. H•liSDJil. UCt USllt S!lt'tlC!S 

c 
c MOIR" :1.0 A, N. S. I. ST&NOAltO l"OllTltAN M•Y 1111 
c 
c 
c 

JiiilOllll:ll IS CALLID-IY MA•O TD CDMPUTll! .S.ND PlltNT APPltOXIMATE YALUIS OP 
THI PAJlAMl!Tlfl l!ltltDltS ANO COllU:L.AT IONS 

Ill 

... 

... 

... 
110 ... 
... ... ... ... ... ... ... 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

P'O• THI MEANING 01" THI •Mit.XlMUlll YA•l.&NCE INl'L.ATlQN l"ACTDtl• llLOW, 
Ill... 0. W. MA•OUAflDT .&HD It. C SNI!!, 

UDGI •IG•ISSIO·N UI PllAC"rlC!'., 
THI &MllUCAfrf STATISTICIAN 21 (11711 3•20 

lll~UT OUAllTtTUS ... 

DUTPUT OU&llT tT US. 

KW, l••I •, •), NaCTY, DILTXI •) ,NPTS.NY ,NTRAC, 
MASKf•),,DIJ 
l•lll ••• ) 

DGUILI Jl'lllC!S JON ". SCAL!, XMAX, UU N, DIL TX, Oii.MN, Ellll. ,.OIJ, 
OS ORT, a•G, llZlllD. llUNIT. HUGE," IYOT, 0, Ytl'MX, I•. TEMP, 
DINOM,SC,AC,lllSCL ,X 

COMMON /CSTI'/ XI 20 I, XM•X t20l, XMINI 20 I, D!l. TIC ( 20 I, DILMN l 201, 
llt•( 20, 21). l'D~J, HY, NTJl.AC, MATllJI, ~ASKl 20 l, 
NP MAX. Nl'LAT, JYA·RY, NXTIU,, K,.LAG, ND•IP, Kl.,\., KW 

lltll'ltD•O . 
•UNIT• 1. 
MUGl• 1 .130 

'PltINT OSAY. 
JP'(NT•AC.LT.·11 t:D TD co 
WlllTl(KW, TO) 

10 'D•Mt.Tt///11H SUlllOUTtNI MOlllllL//21H OSAY l"T•P, SCALIO, WHlltl, 
• 23H P IS THI .JACOI UN) .... I 

00 JO .,J)ls1 ,NACTY 
Wfl 1 Tl f KW, 20) JX. I E•ll I JJI, Kl I , KJI • 1, JX I 

20 'DltMAT t I TIC. Il, ZX, 1111. 7/t IX, 1111. 'Tl I 
:ID CONT J NUI 

C CDMPUTI THI SCALIO l•ltOll M~TlllX, WHICH IS THI!: INY!IUI 0,. OS&Y, 
C ltl'llltT OSAY USING THI! l:AUSS•JDRDAN MITHOD WITHOUT PIVOTING. 
C ,_ L. IAUIR AND C. lllllllSCH, I' 4S IN •!..IHl&Jt ALGlelllA• 
C l'f J. "· WILKINSOfrf •NOC. lll!lffSCH IS,lllNGlll:•YIJllLAC, 1171) 
c •••••.NY•1 J IS 1.ISRD Al .. sc••TCH YICTD•. 
c 

I.II eo NYPl.UlfllY•1 
1"70 NSMaL •O 
1,1 OD 130 LINY•T,NACTV 
l'P2 L•(NACT't•Tl•LINY 
IT:I '1'0l•lltRl1,11 
l'U ll'"tPIYDT.\.l.JUlllOI NSMAL•MSMAL•1 
1.,1 JP'(NACTY.LT.21 GD TO 10 
111 DO 10 Jr.•2,NACTY 
1'7' O•llllll K, 1 I 
l'I IPlll'JYOT.Nl!.llZlltDI GD TO 10 
1"71 lllll(k,llY''-Ul •llZlltO 
110 CCI TO 70 
111 10 J' I K. CT. L J CiO TC 10 
llZ l•lllK,llYPLU)PO/ll'IYOT 
113 CO TD '70 
114 10 lltltlk,NYPLUl•0/'1'10T 
Ill '70 00 IO M•2,IC 
Ill 10 Ul.•IK•1,lill .. 1 )tllllll:(K,M)•O•l•lllM,NYPLUI 
11'7 10 J,t,tVOT.NE.llZl .. 01 GO TO 100 
Ill fltJtlfrfACTY. frfACTY I ·•ze•o 
l&I CDTDl10 
110 TOO fllll(NACTY,NACTYl••UNJTl'IYOT 
llt 110 HIN&CTY.LT.21 GO TO 130 
512 00 120 IC•2.NACTY 
lt:J 120 E•lltNACTV,K•1l•lf•RtJt,JOPLUI 
II• UO CCINTlNU! 

Ill t1•ANK•NACTY•NSMAL 
Ill I"NflANk LT N&CTY) WRITl!IKW,140JNltANK,NACTV 
11'7 1CO PO•M&Tl//IHt THI SECOND Ol!lllYATIYI M&Tll!Jt" JS SINGULAlll: lN MOl!ftll., 

Ill ... 
100 
001 
102 
10> 
10• 
100 
101 

IX,'TN •AllJt s,Il,7J:,ll't DlllDIJt 1,J:J//2CH 'l'Hl!'.ll!,Dlll! ALL PAll:AMITI•, 
21M lll•DltS Alli IN·"lNITI..) 

u•P•CK THI •••o• MITRIX INTO TH! u,.,,. 
J'f•O 
Yl,MX••UllD 
00 110 .JI I 1, NY 

Jl'fM&SltlJX) .I0.01 JV•.1'1•1 
ltY•O 
DD 110 ltl 11. JI 

IJl.•IU!RO 

TllANGLI 0' lltlll•,•). Dl•SCA~lNG 1T 

ll'fM.&S·K(JXJ.Nl.O .oa. MAIKtllll.•1.0I C:D TO 110 
llY•KY• 1 

105 

Dl•tV .. 
Dl•JY " Dl!lll V •• D!lll: IY II 
Diil i Y .. 
DI• IV n 
DIAIV .. 
DI• I 'I .. 
Dl!fll'W •• OlflJ v 17 
DllllY .. 
DllllY .. 
Dl!llIY •• DllUV II 
Ollln' 12 
Dltl:IY .. 
Dllll Y .. 
DllllY .. 
DE•t V .. 
DIAi 'i " Dr.•tv •• DllllY .. 
OllllY100 
DIRIY 101 
Dllt1Y10Z 

MOl!•A 
MO!e•ll 
MOIRll 
MOl!•ll 
MOE•• 
MOU:ll 
MOlllll 
MOl!•llt 
Jl4011lll 
.. OE1t• 
MOl!llll I 
MOIJll:ll I 
MOf.•ll 10 
MOl!llA. " MOllUI: l2 
MO!•"· 13 
MOElllll: 11 
MOlltR II 
MOEtlll II 
MOlllll " MOl!lfl:• 11 
JiiilOlllt• 11 
MOIRll 20 
MOlllll 21 
MOEllfl Z2 
MOlllll .. 
MOllt• .. 
MOl•R .. 
M•lltll 21 
MOllllt 2' 
MOllllt .. 
MOl•tl: 21 
MOllt• •• MOlltll .. 
MOE•A 22 
MOllU 33 
MO!Jtll 3' 
MOllllll: ,. 
MOlllll ,. 
MOl:IUI: ., 
MOlll• 31 
MOEllll " MOl!Jllll: •o 
MOl!•ll .. 
MOl!ll• .. 
MOllllt .. 
MOEll:lll .. 
MOEllllll .. 
MO Ek• •• MOEltJI: " MOlllll .. 
MOE RR .. 
MOIR.Ill •• JlillOl!Jtll .. 
MOlfl• 12 
MOl!ll• .. 
MOl•ll: .. 
MOlllfl .. 
MOIR• .. 
MO!•ll .. 
MOlllll: .. 
MOEltll .. 
MOlllll 10 
MOEllll 11 
MOIJlll 12 
MOE.JUI. 13 
MO!•R .. 
MOllUI. .. 
MO'!llR II 
MOEllJlt .. 
MO!IUI .. 
MO!All: .. 
MOE•• •o 
MOl!Jltlll " MOE It ft '2 
MOl!lllt ,, 
MOElllll ,. 
MOEllll " MOl!'.ltll " lofQ!lllJlt 
MO!:Jll• 'I 
MQ(UI " "40!1U .. 
"40!•• 11 
MOEllll 12 
MOl!llll IJ 
MOEllll •• MO!JU .. 
MOl!lllt .. 
MOl[llUl 17 
MOElltll .. 
MOl!•ll .. 
MOEllll 10 
MOllltl: 11 



IO' TIMll'•ltZllO 
IOI OINOM•OIL.fX{JYJ•OILTltlCVI 
101 lfl'IOINOM.10.lllZEflQ) GO TO UO 
110 TIMll'•IR•l.JV,ltVf 
It I IRtTIMft/DINOtll 
112 tlO I't.11.Nl.IU) CiO TO 110 
113 "ltEMit.c;,T.lllZ!lltO! CD TD no 
114 1PINTll:AC.GI •ll Wll:ITl1Kllt,1IOIJl,ICl{,T£MI' 
Ctl 110 ,DUlllTl/IM Th£ (.1J, 1H., ll.23HI EL!M!NT OP 0$&V••·1 .•.ltJ.S, 

IX,•SH TMl•l!,OU &LL l'AIAMITl!l llll:ROllS Alll:I IH,INITl.J 
111 T&-tl!P ••TIM" 
111' t'O I'IT!Mf' CT .Yl,Mll Yil"Ml•TIM" 
111 tlo llRllCl,JJC•1J•UI: 
ltl 110 CDNTUIUI 

COlllll'UTI .I.MO PRINT THI STANDARD l!UIOA.S. 
120 lllDPIJll,.TS•MIC:TV 
121 ICPAC•MUCil 
122 l"lNOF Ll!.O) CO TD 200 
12J SC,..l.C •NDF 
134 SCl'AC•OSOll:T f '08J/SC,..l.C) 
121 200 •1sra •t1oir•1110' 
121 l"IRlSCl..CT.119:Zl!lltOJ lll:ISCL•OSQJl:TllllSC~l 
127 IP'INTll&C.i.T •IJ GO T'O :l•O 
12i Wll 1 Tl( KW. 210 I NDF. NDr. ····SCL. l"OIJ. scr.1.: 
121 210 ,.ORMATl///•tM NUM9Ell O' D!CltlS QF ,.REIOO .. IN O.~ ) • , 

llHlirlll'TS•N.&CTYl i.?5//21H f:lfPfC:Tl!:O VALUI Qfl' PHI • 
:SIM 11.0.1'. ll'LUS o• MINUS. SOJl:Tl2•N a /f l ;'.11. 
1IM 1'1.US OR MINUS.Ell 5//22~ ACTUAL YALU! Q, l'H; •,112.1// 
11M R-ISCAL.INC l'ACTQlt r SOIHlll'totl/Ji DI',) ,,112.5.l 

110 WllIT!{KW, 2'20IVllJ'MJI 
1:11 2.20 l'OllMATl///:JIM MAJCIMUfllfll.YA•l.&NCE Tl.t,LA.TION FAC.TClll. •.!12 S/// 

l2H A~l'llQX lJro!A"t'E s,.TANDA•O ll•O•S . /llX, 91-1 .lllESCALID,/ 12>1, TM.,,, 
Ill, 7HMAS-Kt.; 1, IX, •MX ( J l. 1411, IMEIUDll:, t 2X, SMllllO• I 

S:l2 •ISCl..l'HUGI 
IJl DO 2'10 JX•l,NY 
1:14 SCA&. J 1 •UN IT 
131 l••lltll.IJC,JX•TI 
Ill l"lllt)2:10,%SO,:uo 
1:17 2:10 llt .. OSORTl·Eltl 
Ill SCAL..I• ·Ill: 
Ill GD TO 210 
t•O 2•0 IR•OSO!ltTllltJ 
141 SCAL.,,•IJt 
142 210 l"lNOl'.CT.O .AND. N•.t.flllK.10.M&CTY) •ISC••SCl'AC•lll 
eAJ Dl"L TX I JI) •SCAL..J 
l&a WlllTEIKW,210).JJC ,MASk(JX I. IC [ • .IX I, !It. •ISCL 
Iii 210 ,OltMAT(/10X,J3,110,IX,t:fl.&,4X,t:13.S,IX,lll.ll 
l•I 2'70 CDlllT t NUI 

COMll'UTI AND Jitt.INT THI CO-RlllLATtONI. 
l•T Il"INY.lT.ZI GO TD 3•.o 
841 Wlt1TllKW,210l IK,K•1,NY) 
141 2&0 ,0 .. MATl/!/•IM L.OWllll TIU&NGt.I 0, THE C:Qltltll.ATION MATJllX .... //UX, 

'" ...... ,I"S.7I13/(1'1ll,1113ll 
110 WIITl!fKW,21·0) lfllASKlKI ,K•1 .NYI 
111 210 ,01MaT{/'Ul.12H M&SK[lc;} .. .,U.'11U/t11X,llt!IJ) 
112 w•·ITICKW,:SOOI 
ll:t JOO ,OJl:MATl/:IJl,1H ... ,4JC,"1MMA.5K(.JJ ) 
II• DO 220 .IX !I 1, NY 
Ill DO 210 Kl• 1 ,.,lie 
l&I 1tO laAl..:1,1)1! .. t(KX,.Ul:•t)/(DU.TllJXl•OILU:tlOCIJ 

llT W'llTllKW,2201 • .IX,MASKl.111), (l!RlltJC.11, 1 J,KJl•t.JJIJ 
Ill 320 ll'OllM.ITl/U,Il,Il,IJC,lltl.S/1171,•113.I)) 
Ill 2~0 CONT I NUI 

ltlSC&L! l!llll ANCI SYMMITIUZ'E IT. 
110 l&O SCil'aC•SCl'AC••2 
111 t,, •. C,AC.LT.llUNITI SC,.AC•llUfflT 
112 00 :110 .JX• 1, NY 
112 DC 310 KX•1.Jlf 
18• llllllJJC,Kll•l1tRllUl,JX•1l•SC'AC 
Ill 310 lllllltKX,JJl')•lll•l..IX,KX} 

191 lllTUAN 
IND MOlltlll. 

111 IND 

Ill SUIAOUTINI 'O"X (.1-T,lllY,X,,I 
c 
C UJiDATID IV J. CHANDL.111, MAY 1111. OSU C:QMil'UTllt SCIINCI 
C OIPAtlt'fMIHT • • ~, HANSON •. UCC USf:ll SllltY I CZ!S 
c 
c TMU u • DUMMY YllltStON O' su••OUTINI! fl'Q_, ... 
c A NON .. OllMMY VlttS?DN O'' FOFX MAY '' USED fO .. TtQNALLYI TO su~~LV 
C TO MAIO YA'-UIS 0,- THI ,UNCTIDN l!:!NC nTTl!O, INSTlAD 0,. USlNC A 
C .. PUN·K• SUlllOUTIN!: TC DO THIS THI US! O'" FD'll Jl:l!QUill:l'S 
C SUllT-11.NTIAL.LV MGJl:t! OY!'lllHIAD TIME Cl.Ull.1NC t:l!CUTIQH, IUT SAVES 
C CONSIDE·IAl&.I STOllACil 9'f NOT JtlOUtRINlii Ti'tAT TH! JACQIUN MATlll.C, JI, 
C II STOA.ID. 
c 

11-1 oauu,.r .. RICJSION l,fl" 
1"70 DIMINllON X(ZOJ 
1"71 ll:rUAN 
172 aND 

•••lllaQlt••• lltA.ONC NUll'lllllt Q)r AltGUMINTS lN lllP"l•INCI TO IUlll'•OGllAM STlitT 

...... 12 
MOl•R 13 
MOIUll: t• 
111101•• ' ' 
lol!Ollta II 
MOIJl:a 17 
MOllll:I II 
MOl!Ra 18 
MOlllll:tOO 
MO!'llllt101 
M01Jtllt102 
MOll'tlll 103 
MOlllll: 101 
MOIJl:a 101 
MOe-aa t 01 
MOl11t10"7 
MOl•• t 01 
MOlll:ll 101 
MO!·ll!lt t 10 
MOIUl t 1 1 
MOlaR 1 12 
MOlllR113 
MOUtR114 
MOEJUl 111 
MO!Jl:R 11 I 
MOEJ1:•111 
MOlll!llt 111 
MOIElltR 111 
MOIRJt 120 
MOlllJl:.121 
"'01••122 
MO!Jl:ltt2:1 
MOlll.11124 
MOl'l:ll 121 
MOlll·ll 121 
MOER.Jl121 
MOl!ft·AUI 
M011lll121 
Jl40!11t uo 
MOIRll 1J1 
MOlltlt 1 :12 
MOl~ll 1 :.13 
MO!Alt134 
111101•• 115 
M011t9': 131 
MOlall t :J'7 
MOlJtllt:U 
MOllll:JI: 131 
MOE alt t 40 
MOl!Ut141 
MOlllllll: U2 
MOllll 1 •l 
MOl!Jl:ltU4 
MOl!JUI: 115 
MOl!llt-llt UI 
MOllR U'1 
NOIR• 1 II 
11i11·01•• ,.., 
llll!Olllt.111: 110 
MOl1ttl ti 1 

MOlllt 112 
MOIJlAtS2 
MOt:ll:Atl• 
MOlltl 115 
M011lfl111 
MOlll:ll:151 
MO!llll111 
MOllH.119 
MOl·ltR tlO 
MOUlll 111 
... 01•• 112 
MOIJl:ll 113 
ll'Ol•lll: t 14 
MO!RR.111 

P'OP'XOUMt 
l'D,XOUM2 
PO,.~DUMZ 

1'01'XDUM2 
l"Ol'XDU.MZ 
1'01'1iDUM3 
,.a,xo·u·.,.. 
f:'Of'XDUMI 
,..Q,XOUMI 
!'°G,.XDUWll'7 
1'0,IDUMI 
'O!Plf.DUMI 
'''•Du,o 
l'Ql'llDU 1 1 
,o,xou12 
l"DP'XOU t 3 
'Df'IDU 1 • 

'JtOIU:&M WAS IJllCUT 1 NC I. J NI I lM RDUTJ•I M/ll'aoc- WWI• TlllM.INAfJON OCC:Ullltl!D 

CORI USAG.I 

Df&CiNOSTtCS 

OIJICT COOi• 2,112 IVT!S ,&allt.t.Y All:!6• 121•• l'l'TE.S.TOT&L A•I& AYAJLillL!s l2I02• ITTll 

t, NUMIUt 0' W.t.•fl I NCS • 0, NUM911 0' !XTINSJONS• 

COMPIL.1: TIMI• 0.2:1 SIC,IXICUTION TIMI• 0.01 ll!C:' u.21 11 22 JUL 1:1 WATf'l V • 1141.ll 1110 YZLO 

CSITOI' 
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I , 
• • 10 

II 
12 .. .. .. .. 
n .. 
" 10 .. 
•• •• 24 
21 
21 
21 .. 
21 
•• •1 .. 
•• •• .. 
•• ., 

•• .. 
10 .. 
•• 
•• .. 
•• •• ., .. .. 
IO .. .. .. 
14 .. .. 
n .. .. 
10 .. 

,. 

10 
11 .. 
12 .. 
II 

" " 

S..101 
c 
c 
c 
c 
c 
c 
• c 
c 
c 
c 
c 
• c 
c 
c 
c 

:························· .... 
2•t.!0 OttDl!ll CLDIAt. MOOll. 

DATA Fll:OM NICK .t.lllD ITl'IN 

HYDlltODISULru• I JAT I ON 

Sll:C RICYCLI SOLYINT 

MDS•IA CATALYST . ............ ·················· 
IMl'LICIT ll:l!AL•I IA•N,O•ZI 
llTfllNAt. IJCF l T 
ODUlll l'lll!CISlCN X.,!T 

.~:=~~: • ~~~ ~::.~J ~ !!~ ~;.==~· ~=~~- •:!:~ ~~~ j DIL TX t 20). OILMN 120) • 

•frt·FM&X, N,- LAT • .JVAR V, Nll TRA, ~P'LAC, ~Gllll', Kf"•~L KW 

.;::~;~ L ':~ ~:=~u~; :~~~:-u' u:LDI'. JllLM'-1, Mf"TNO. KALCP. JCOllD,. 

COMMON /COAT/ 'IT(JOO),Yf:IOOJ,YSICllOOJ,1111''5 

==~OM /CITOlll/ Tl'7Dl,~l10),ALHSYl'70),Clfio),Xtl'70J 

kW•I 
PL• 1. 
CALI,. STSIT 
MAJCIT• 200 
NVt:S 
ININ(1J•o.o 
XI,,., .01!10 
1.(2)•1.0IO• 
•tlJn.a 
NT1t.&C10 
WJllTl(KW,101 

IO ,0111M&T(/////10X, 'TU4"1•&Tua1·.sx,•,.•esS&Hll• •• 'LMSY· II '11r1 CDMC 

: ; : ;!: : : ~!~i I ~jtllC · ••I I U l • ' fa J' , 1 OX, ' ('SI)', 1 OX; • 11 IHll j •, ; DI, ; IWTl.) 

lllAD I Kiil. too J N'TS 
100 

120 
110 

11'0RM4T I IS J 
DD '10 11.•1,Nll'TS 

::::!~~ .j;~:i~!~ ! j I" I K) .A-i.HIVIKI, C1 f ltl. Yh: I 

TI K J • T [IC J •A 10. . 

121 ::~~:~ ~~j~ =~ ~:~;~ j ~ ~j~ '. :~1: ~:: jALHl\'f t( I. C 11 K J, Y ( ltJ ,K• 1,N,TI J 
CALL STl,.T (IXf'JT) 
Dl.V•O.o 

uo 

'l!•O. O 
SDl•O,O 
DO 130 L• 1,N,TS 
DIY•O!V•DAIS 111' IT IL )""Y{ L)) /N,TI 

,,.,1•0.a1111t1T11. J ~vrL 1 J/lfll'TS/YtL J•too 
IOS•SDS•{1"'1TILl"Y(Lll••t , 
MUTllKW, 121) 

121 ll'DllMATI 1111, //I/Ill, '2 .. MD OllDIR G1.0aAL MDDIL PAltAMITl"·RI' ,/J 
Wiil i 1 I! I KW, 140) X ( 1 ) , XI 2 I , • (:I J 

uo ll'OllMATll/IX,'A • ',110.4,lW.''ll••l""MllWT'l./Hlll',//SX,'I • ',110.4.~ 

•X,'ITU/LIMOl.l',/llX,'M • ',1!10.4) 

wanec KW,, 10 I DEl'. ~·. ll'OIJ. sos 
110 ll'OtlM&Tt/l//IX, 'MEAN DIYl.t.TJCN r ',1!10.C,//IX,'AYC. 'IRCINT UtaDJt 1 

• ',lt0.4,//l•,•ra1J • ·.110.:..111•.·suM o, squ••••' ·.110.6,ll//J 

STOP .. . 
IU•llOUTllfl" IXll'IT lll'ITMJ 
IM,.LICJT 111.·IEAL•I IA•H,O·Z) 
QOUaLI! ll'llECISION ll,1"'1T,O!X,.,DIJIP,Alll.G,P1TM,(I~ 

DlM!NSIQN ,ITMllt 
COMMOlll /CSTE'I JI I 20 l, llM&li I 2·0J, llMINf 20 I, Dlt. TX(20), DILMNUO l, 

•1'-Rt 20, 21), 1"'GIJ, N't', NT•AC, MATlll'I, MASK 120 I, 

•Nll'MAI, N'L AT, JV ARY, NJfTRA, K,LAC. ND•I~, KERll'L, KW 

COMMON /COAT/ fllTl:SOO!.YllOO),'ISIC,300),Nll'TS 

COMMON /CSTDJt/ Tl'70).l"t"10l.ALHSVl'70t,C11'70l,Jl1f"10J 

OIXI" ( AtlG l •OEXll' I AlllGJ 
P'Ot.,uo • 
11111 ••• ., 
oa 200 .J•1,NPTS 
YSIGtJJ•1.0 
PP'• I. /IX( 1 J•OEXP( •Xl2)/111l.•T(JI 1 )•Pl..ll••Xlll/Al.HIV(..11•1. /Ct C -'I l 
ll'ITMI JI •fl'P 

IOO P'DIJ•PO•.I•( I ll'P•Y I.JI) IYSHltJ I )••2 
111..ITUAN 

••• 

TIMPllUTUAI 'RISSUll:E LHS't' 

(RJ IPSt) 11/MllJ 

0.111100 o• 0. 250000 o• o. 111000 

O. 1 U:IOD o• 0.210000 01 0.2,,oOO 

o. t2110D 01 o. 2soooo 01 0. 204000 

O. 1 tllOD 04 0. :soooo 01 0 • !.0000 

0. I 1:1.JOD 01 0. 25 OOCfC 04 O,&fOOOO 

0. 11110·0 04 0. 2IOOOC o• 0. $30000 

0 IUIOC 01 0. 110000 Ol o. 4 IOOOCI 

o. 1"100 01 0. 1 20000 OI 0. 610000 

0. 123400 01 0. 120000 01 . IOOOOiJ 

0. 11 ltOD 01 0. 120000 04 's 10000 
o. l 13000 Ol 0. 120000 04 101000 

O. 1ti10C 04 0. I 'ZOOOO 04 110000 

0. 123400 04 0.120000 o• 1 OIOOiJ 

0 . 12l:JOQ O& 0. '10000 01 102000 

0. , 2• 100 o• 0.250000 01 o. tioooo 
0. 1 u:roo 01 0. 2$0000 04 0 101000 

0. 111100 04 0. 250000 o• 0. 202000 

... co•c. Pill. co•c. 
(WT~J IWT1.J 

01 0 • 10000 00 0.200000•01 
01 0 & 10000 00 O.lOOOOD•01 

01 0. • 10000 00 0. 100000•01 

00 0 • '0000 00 0.100000•01 

00 0. • 10000 00 0.200000-01 

00 0.410000 00 0.100000•01 .. 0 .. 4fOOOD 00 0. 100000•01 

00 • & 10000 00 0 . 100000•01 
00 . -110000 00 100000•01 

00 • , 0000 00 . 300000•01 

01 • 10000 00 0. 100000•01 

00 0 41 OOOD 00 0. :ZOOOOD •O 1 

01 0 410000 00 0.100000•01 

01 o.•10000 00 0. 200000 •01 

00 0. "10000 00 0.100000-01 

01 0. 4 10000 00 0. 100000•01 
01 0 .• 10000 00 0. :ZOOOOD •O 1 

108 



109 

ti 0.123100 o• O. :tlOOOD 04 0. 1 llOOD 01 o.i110000 oo 0.20000D•01 

MaR• .•.. l&CJN NONL lNIAa LIA&T SOUAAP:S SDLUT I 011 

M&Sll 0 0 

0.100000 " 0. IOOOOD 0$ 0. 1'10000 01 

...... 0. IOOOOD SI o. 100000 ., 0,100000 31 ..... 0.000000 00 •O, tOOOOD .. •0.100000 ., 
DILMN •. 1·00000 •• o. eooeoo-oJ 0, 1SOOOD • 0'7 

•• . •#Tl . ti LPDMA . ••• LP'Dlllll 1 20 NTR&C c O MITND 1 KALCP 1 0 

KOR.Dr . I MP LAT 1 •'MAX . 12117 MAXJT I 200 MKSUa 1 21 

c•u . O.'H,11D 00 ••&.DP . 0. t00000•0'7 RU.MN ' O. 10000D·O"I 

PHJ (TNI SUM 0, SOUARllJ 1 0.'73111011D•02 LAMIDA 1 0, 100000 01 

telfSTA&lllT YJOL&Tl:D IY I( t l. V&LUI llllSIT TD 0,000000000 00 UltNC CUTSTI" l'ACTQA • O,llt21D•Ot 

Clll'ITltAINT VlOLATEO 'IY X( 1 I. VALUE 11111 TO 0.000000000 00 USING CUTSTI" l'A~TO• 1 O.ill"IJID 00 

CO•VlflGID WMIR THI ITllll llCAMI SMALL. 

PMl;N 1 0.100000 01 l..AMIDA I O.fZ'f14D .. 02 

1: • t.441403SD •3 0.211SOllD OS 0.1J7JT410 01 

'ff J) rnr.n YIJ) .. ,_TfJJ YSIC( J) I V•FJT )/YSIG 

0. •••••••01·01 0 ua11t1:11:>·01 0. '13340•02 o. 100000 01 o. 113340•02 
o.211111to1 .. 01 o. 3S11'TJ,10•01 •0.171'740•02 0. 1t;>0000 01 •0' 1'71740•02 
0.111911'701!·02 0 102151210·01 ..0. 211130 •03 0 1 OOOOD 01 •0,21113D•03 
D.llttl1'70E•D2 0 IS1U•ll0•02 0. S&llSD•02 0. 1.00000 01 0 ...... ,0 .. 02 
o.n11111oe: .. 01 0. 12SSl119D•Ol o. 10'73•0·01 0. 1 ooopc 01 0 10'T~UO•Ot 

O.lttttt'tOE•02 o. 135111010·02 0.4.i•010•02 0 1 oooat 01 0. 41f.010•02 
0.111111701·02 • 'UOISl3'1D-02 0 2t1U0•02 0. 100000 01 0 .211U0·02 
0. lllllf.,0!.·02 1 :U-1•'2510•01 •O lSl4lD•02 0 , 00000 0 1 •O 3S&Cl0•02 
0.111111'101•02 I lOOOloOJD • 02 0.121110 .. 02 0 1 00000 0 I 0. 121110•02 

10 0.21111110f•01 0.2:11115010•01 0. 133310•0'2 0 , 00000 01 0 lll3SD·02 

" 0.411111101•01 0 17531••10•01 0.2illl10·02 0 100000 0 1 0 261110•02 
12 0.111111101•01 O. 2521SltSD •01 •O 121510•02 0. I OOOOD 0' •O . 521510·02 ,. 0.111111'701•02 o. nas:r:n1c·o1 •0 , 1a53tC•02 0 100000 0 I •O '11ll,O•C2 
II O. llllllSOl•Ot 0 1022701CO•OI 0 t'1'T210 .. 02 0 1000CIU 01 0 1172tD•O:I ,. O.tlllll'JOl•02 0 5102•1100-02 0 411110-..02 0 1 OOOOD 0 I 0. • U'ff.0•02 
ti O.lltt1110!•02 0. ,,.,, • .,300•02 0 ,285250•04 .. 100000 0 I 0 211 ?50·0• 
17 0.111111101·01 0 .21321:JllD•Ol •O, 5321•0·02 0. 100000 0 I .. 0.1321•D•O:Z .. 0.111111101·01 0. , ,, 142400•01 0 .12151D .. 02 0. 100000 OI o. a2as1c -02 



•UM81!R OF DICRll!ES or PlltE!DDM • 0, 110000 02 

a.M.I. SCAL•D DIYJA.TlON or DATA "llDM FIT. 0.121240 .. 0Z 

MAXIMUM ICALID DIY1AT10N 1 o. 101:1&0•01 

1.uaaout 1•1 Moea1t. 

•SAY IPT•P. SCALl!D. WH!AE P IS THI JACOSIANJ.,. 

0.10000•00 01 

•0 •. 11111&10 oo o. tooooooo 01 

O.llAl310D 00 •0.11111110 00 0.10000000 01 

llUMl!lt OJ' DIGRCl!S 0' Flltll!DDM IN.D.P.) • lNPTS•ttACTVI • ti 

IXPl!'CTED V&LUI DP PHI • N.D,,. flt,:US Olll MINUS S011tTl2•Jf,D.P:.) 

ACTUAL WALUI OF ltMI •· 0.1'1tl1D·OJ 

AllCAt.JNG PACTOR • IORTIPHt/tl,D,,,J r 0.121240•02 

MAXIMUM VAUAllCI lN,.LA.TlDN P&CTDlt • O. 11tSID 04 

&Pl'lltOJt !MA.Tl ITANDlltD llt9':DllS ... 

0 

• 
• 

X(J) 

0. 44140J:4 ID 03 

0. 211 IOllJ:D 01 

0.12'U,4SaD 01 

LDWIA TllllANC.t.I! OP TMI CDIU.l!'L&TIDlll MITl.tX •.•. 

MASKOO .... 

MASlt(.J) 

0 0.100000 01 

0 

0 0.111410 00 0.100000 01 

0 

11.aoa 

0.221120 01 

0.1114,D OI 

0.31UaD 02 

0 •0.11'1'r3D 00 •O_.tffllD 00 0.100000 01 

2•MO OR.DI.Ill Gt.DIAL MODEL P-AlltltMITllllS 

& • 0.4414D 03 

I I e. 211 ID 01 

M • 0. t.S'7&D 01 

PS'l•• I •M)/WT'l./HR 

ITU/LeMOLI 

MIAM DIVJATto·• • o.•,12D•o2 

&YI. PERCl•T llllA'OR • 0.3o•ta 02 

POI .. • 0. l'PllD•OS 

IUM OP IOUAlll·IS • 0.1'7alD•03 

ITATl'MINTS 1.llCUTID • 1I110'7 

ti .... us oa MINUS 0.14'J'J2D·01 

l!SCAl.ID r••o• 
0.14:S&:SD 04 

0.11'12'7D 06 

o.22•a10 oo 

llO 

CIRI USACI 

DJ&SNOITJCI 

08Jl.CT CDD·I • 433'71 8TTIS, •1t.R~Y ARIA• 11&1& IYTll, TOTAi. A.Al.& AYAI LAIL.I• 114010 IYTIS 

NUMICI 01' UtlllDRS• 0 • NUMl&lll OP' WARN I NCS• o. NUM•E• DP rxTltillt-ONS• 10 

COMPILI TIMI• 0.21 SIC,IX!CUTJON TtMt!• 2.1.S SIC, SATURDAY 23 JUL 13 W&TP1'f' • MAR 1tl0 Y2LO 

CSITDI' 



APPENDIX F 

LISTING OF DIBENZOTHIOPHENE PROCESS 

MODEL PROGRAM AND DATA FIT 

CALCULATION RESULTS 
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.................................................................. . 
DlllNJOTHID~titUll MOS MODIL 

2•TYl'I SIT! lNTlllNSIC JlATI IXPRISSIO.N tlAODIRtCK) 

DATA PROM t:U" INO 

• •••••••••••••• '! •••••••••••••••••••••••••••••••••••••••••••••••••• .................................................................. 
GUl'ISAAY 

Al.IJ•11MllllLJP-tCATIQJll TIUil POR JNTIG.lllATIO ll:ATI IOUATJON 
AM2•11oal•llPQftiUllTEAL CgNSTANT l'Oll HYOJIDGIN l:OUIL.llftlUM CONSTANT• 

t 1/WT~J 
ALMS'i(JJ•t.IOUID HDUJll.Y S,.&CI YlLOCITY· l'OR O&TA POINT .J (1/Hllt.) 
A'l.MSY1'.JJ• ... •Ttt YAL.UI' lN 1.JOUID HOU"LY SPACI VILOCIT'f CHlOUP 

t t /Hll 1 
AP•Pal•lll'ON~NTUd. CONSTANT "0" PllDDUCT IOUU.JllllUM CONSTANT 

All•l'A~~;~:;~INTiAL CONSTANT 1'0111 ltl!ACTANT IOUILI81t.1UM CONSf&NT 
I t/WT\.I 

AtltK11~Al!•IXPDNENTlAL CONSTANT l'"Dlll lllfACTIDff •AT! CONSTANT 
IGR&M/GllAM CAT/Hiii) 

lf,Jl•Sl~L.H'ICATlON T!lllM l'Oa lNTIClllATID· llATI! l!OUATtDN f l/WT't.l c,, .... c.ai.cuLATED OUTLET CDNCENTlllAT1DN.1·N CDNVll!lllGfNC! L.DD"IWT~l· 
Cri1•••AllUMED OUT1.£T Ctl'NCll!NTlllATJO" IN CDNV!lllGENC! LODI' {WT'l) 
CRl..1,tt)•CONVElllCED VALUt: 1"0111 OUTL!T CONCl!NTR&T1DN P"Qlll DATA 

l'OINT ..1, Cll:OU~ K lWT":..} 
C"1•WllCHT l'UlCENT l"JlOOu:::T lNTll:ODUCED IN l'EIO [WT\} 
ClllAD•C.&TAL.VST l'AllTlCLI! RADIUS ICMJ 
Cll:IJ•OUTLIT COHC!NU.ATlON 1'0111 DATA l'OINT 22 !WT'%1 
c11:.11 nnET C:CNCll!NT1U.TI0N twt._;,J 
CSTD•E•STO"ACI 1'A'lll1AILE 1'"0111 DUTl.ET CDNCINTll&TIQN HI ll'"I' ,.ACTD•n 

LOO, (WT':;.) 
C1{..l)tfNLfT CD·NCENTJlATIDN IWT~l 
DAl(..1)•,.IU! 1.lOUJO Oll'l"USlVtTV 01' A JN SOLVENT t (SO CM/SlCJ 
Dl!l'l'(..l)•!l'"l'l!CTIVE DJP"ll"USJVJTV 01' A IN SDL.Y!NT I [!.O CM/SECI 
DIL•INClllll!l'if!NTAL CHANCE IN ASSUMID DlJTLIT CDNCl!HTftATIDN IWT~J 
OEN•DINSITY o,- LJOUID AT TJl:l!ll" IGJl:AM/CCJ 
DlflfS(JJ•DINSITY O·IJ L.lOUID AT DATA P'OlNT ..1 {GaAM/CC} 
Cll•O&•CDNST4NTS USICI Itri L.tOUID 01.NSJT't' CALCULATION 
£•11'1JICT1Yll!N!SS l'ACTCUt 
ltlJ)•!IJ,.l!CTtYEN!SS ,..era" ll'D• DATA POINT ... 
!H21Jl•HYOJl:OG:EN Hf.IT Of' AOSDlllP'TIDN (CAL./GMOLE) 
U'l.J)•l"llDDUCT HEAT 0, ADSDll"TION ICAL/CMDLI) 
lltl.lJ•AIACTUIT HEAT OJI" ADSOaPTJON ICAL/GMOL&l 
IAllJJ•RIACT1Dtrt ACTtYATJON INUtGV ICAL/GMOl.IJ 
PP'•,UNCT10H TO I! !'ITTEO 
PtTMl.l).,'tTTl!O VA'LUI l"Oa J•TM DATA POINT 
'L•INlTl&t. WALUf 01' l"L.AM8, TH! llllL.ATIVI AMDU•T l'f WHICH T·MI 

a lAQDNAI. coin· t c I !HTS AIU AUGMl!NTED 
PDl ... •alTUWllf·S THE ll"tNAL VALUI 0" P'MJ • t"I WIUGHTID S·UM OP' 

aoua.a1s 

M•CDllSTA.NT UllD 1N !P'l'!CTIV!N!SS l'aCTOR C&LCUl.AT10N 
K1•CDNSTANT USID UI Dil'll'USIVJTY CALCULATION 
KM2.,.J)•MYD9'0-C:l!N ADSOaP'"tJON l!OUILtallIUM C.ONSTANT (1/WT':.1 
KH2•&P•NVD•DCUI AOSQAPTJON !OUJLlllllUM COltSTANT AT Rl!ll"CltlNCI 

T .. MP'l".tlATUJl:l I 1/P'S1 l 
K•Tll'•COUNTUl l"D• "llll!SSUJl:I Cit.DUI' IN DATA S!T ceNl!RATGJt 
KNTTtCOUNTE• l'Clflt T!MP'll!Jl.4.TU'll! Cfl:OUP' lH DATA S!T Cl.Nlll:ATOll 
KDl•08SlftV!D a.e.ACTlON II.AT! CCN.51'4.NT I !IH•J 
11:.0UNT•COUNTElt JN CUTLl!T CDNC:ENTltATl·ON CONVlllC:INCl LOO" 
KOWNT•COUNTl!ll IN f,ll'ECTU'IN!SS ,ACTO• CAL.CULATIOM 
K1'1..ll•"lllODUCT ADSOllPT'JDN EOUILtl'UUM CONSTANT (1/WT~) 
IUUL.OGICAL UNIT NU~IEll POiit THI! llEADl!Jll 
kJtlfJ)•ltl!:ACTA·NT AOSDltl"TJON IOUILIIRIU~ CONSTANT (1/WT':.) 
11:.ltX(..ll•lt!A.CTIDN IOUtLiitlJUM CON'STAN·T IGlltAM/Cllt&M CAT/Nill 
KW•LOCJCAL UNIT NUM8!JI: 01' TH! P'R1NTf·R 
LL041Ml!ll NUMll!a l'"Oa L lOUJD HDUAL.V s·,ACl V!\.OClTY G•OUP' 
L, .. 4f:MIUI. NUM•l1t. ,OR Ptl!5SUtlE CJl:OUP' 
1.Ttlill!Ml!lll NUM8!1t POR TEM,.!Jl:ATUltf CllOUll 
JONUM81tl 01" Dfll"l'r!ltlJtT SITS 0, .t.OSDJl.l'TIDN !OUJLilltJUM TllltMS 
MASKIJl•NONU!ltO 111' X(JI lS TO II H[L.·D CONSTANT 
MAT•X•NDN2111t0 1'" STATISTICAL. !JlaDJltS' AllE TO IE CALCULATED 
MAX•~AUMUM tTltl4TtONS IN OUTLIT C.ONCr!NTltATIQN LOOP 
MAXl.Of.&X IMUM NO. Cl" I Tt! .. ATl.ON:S lH Tlo'IE E''. P"ACTOll CALCULATIQ.N • 
MAXITOIAXUUJM JT!Jl:ATJONS IN MAllOUAflCIT DATA 'IT 
MITNO•OlfllllNINES CON'f'!Jl:C!NC! METHDO USED IN OAT& ,.IT 
NIUNO. O' C:DMaJNATIDNS D, M &NC N 
MW••MOLICUl.A·a wrtCHT 01'" SOLVe"NT LIQUID IC/GMOl.I» 
fl'WMZ•MOl.ICUL.All W!!:lCHT 0,. HVOltOCl!N (G/CiMOLll 
"4W"IMOLICULAlt WE I CiHT 0" lll!ACT I.ON _.lllCDUCT I G/CMDL.I) 
MWllti-tiitOL.ICUl.Alll Wt l Catr 01" Jl:!&CTANT I !;/GMOLI: I 
MWS1MOLICULAlt WEICHT o• £L.!MINTAL SULPUlt IG/CM01.ll 
thNUM81• 0' DlJl"l"f.UNl" SETS OP YALUIS POR ACT-IYATIOM lllllRGY 

AND Ml:ATS QI' AOSOllllTJON 
NL•NUM••• 0' MIMle-.s IN L1QU10 MOUltL.f Sl"A;CI YILDCITY GRO·Ull' 
NMHGGICAL UNIT trtU!o11811!'1l IJt OU'f"L!T C:ONC!NTlllATIOJll STORAGI AR·RAV 
Ntt•lfUMl!'ll 0'" Mll!Ml!f-.S JN '°"ESSU•E CltDU, 
NPTSlf•UM8Ea DI' '°01NTS JN THI! OATI. Sl!T 
NTlllUM81• 0' Ml!M8!1lS tN TEfo'l'!ll:ATUJlt: Cit.OU, 
JllTIM1'1RUM8lll OP" TU41"!1lATUAl:S AT WHJCM A ·UIUOUI PI-T 11 TD 11! 

MAGI 
Nflt&C•USl'll "ltfNT CONTAOL 
NVtMUMlll!'ll QI< '°All:.&M.!l'!•S IN l'UNCTIDN i'O II l'IT 
"l..1••,.ltESSUllt! l'Dllt OAT.I "DINT ..I IP'Sll 
"1IJ)1..1~TH VALUE l'N P'Jl:l!SSUfll Cll0U1' !PSI) 
,C•C9:1TlCAL '°ll!.S!.UlllE 011" SOLV!NT llTM) 
,.llAD•AYEJl:AC! CATALYST "0111! aADIUS fANGSTJlOMIJ 
O•CONSTANT USID IN YISCOSIT'f CALCULATION 
J.•IDEAL CAS CONSTANT IC:,11,./GMOL!/KI 
••IDIAL r;As CONSTANT 
k"IJ}•AATIC OF K"l~I kH211:!11" AT TMI 11.!Jl"Elll .. CE TEM,.llllATUJl:I 
Jlfll.J) 111:.&TJD DI' I(• I J) KH2ll!' AT TM! 'll!l'IJl.INCI TIMl'IR&TUllll 
SIJJtlOLUllLITV 0' HYOJl:OC!N IN SOL.VfMT IWT .. ) 
lt•COIHTAllf USEO IM SQl.Ua!LITY t:AL.CU\.ATIOM 
l21CONST.t.NT UStC IM SOl.UllLITV CALCULATION 
11%•1121 O" IUA::TANT MDL!CULI! !ANCSTJ.OMSJ 
11.J) •T!MP.lllATUlll f'Dll DATI llQlNT .J I JI: l 
Ttl..1)• ..... TM WA.LUE t~ T!Mll'!lllATUll! caOUll' (Jl) 
TC:•CltlflC:AI. T!Ml'!Jl:ATU•! D" SDLVl!NT 1111:1 
TrMP'f.ll•J•'TM Of NT Dlf'l'!IUNT T!l'ifll'!AATUll:IS IN THE DATA llT ('J • 
TlltM{..l)•SIM,.LIP"lCATION tlllN ,OR INTl!CltATt:O 11:.ATI IOUATIDM 
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10 
11 

12 .. .. 

.. 
II 

" 11 .. .. 
•• .. 
22 

•• 

.. .. .. 
H 
u 
•• •• .. .. 
•• .. .. ., .. 
•• •• •• •• .. .. .. .. .. .. .. •• .. .. .. .. 
II .. 
17 
II .. 
10 
II 

.. 

C TICl.ll•flM .. l!l.ATUIH "111 DATA POINT J lKI 
C 1Da•C&1ALYST TD•TUOSITY 'ACTD• 
C T•••IVUClO T!.M,!lllATiJRI 
C YAOIOL&I. WGl.UME OP' •a&CTANT AT ITS NGRMAL •OIL.ING '0JNT 
C ICC/GMDLI I 
c 'll•MDL&• VOLUMI or SDL'l'lllT AT ITS NORMAi. 1011.JIUO 'DINT 
C ICC/CMD.Lfl 
c w1a1ro1aL•• VDLUM! a .. 101..YINT AT 20 c ICC/GMDL.I) 
C VP•CATALYST VOID Pl.ACTION DJt 1101.DSITV 
C Ylll.l)•'llSCDSITY O~ LIOUJD AT DATA POINT .J ICPI 
C VOl•CD'NSTANT USID lh VISCOSITY CALCUl.ATlDN 

Y02•C0.NSTAlllT US!D IN VISCOSITY CALCUl.ATIOlll 
w•••DLUMI a ... l!M•TY •IACTCUt ICCJ 

c 
c 
c 
c 
c 
c 
c 
c 

.c 
c 

c 
c 
c 
c 
c 
c 

W•ACINTU C 'ACTDll fl'DI SDL..VllfT 
WTIWllGHT D" CATALYST tGJ 
l(.,l)sJ•TH llAl.AMITl!llt 
IM&l(ol)•MAXIMUM YALUI fl'OI J•TH PAAAMIT!I. 
1Mltllt.IJOU,N-1MUM 'f'Al.UI ll'DI THI J•Ttt PAllAMlrla. 
Y(J)•.J•TI'! DAT& DllDINATI 
YllC('1J•l!IP·l·tTID lllftOll IN lt'CJJ 
ZZ•AIP"IAl!.NCE DA'.fA 'DINT 

····························································!!'····· 
IMPLICU l.IAL•I U•N,D•U 
UITIGlll ZZ 
RIAL •I KllX, KM2. KP. KRl, llH21llJ'", K.1, ff, ICGI, KNUM 
llEAL•I ICllDIO 
DIMINSIDll llUI 120), EN2120I, 1" I 20 I, lllC 20I,1tPl 20J, llRl 201, IU:XI 2'7., 

•KHU :n I, KPf 21LKlll12'7 J, Al 21 J, It 27) ,Clll 4. 2'T I 
latlllN&L. 1.111'11'. 
DDUILI PIECISIDN X,PIT 
COMMON /CITIP/ l((20J ,XMAXl20) ,XMINl20J ,DILTlf2~J ,DIL.MNl20I, 

•IRlll 20.2 I), FDl-1, NV, NTllAC, MATAX ,MASKI 20 I. 
•llPMAX ,Nl'"L.&T, .tVARY, N1Tll4, KF\.AG ,'NDllEP, K!Rf'L, ICW 

CDMMDflll /NL LS• I , L.A·MI, 'NU, RILDP', REL MN, MITHD, KALCP, KDllOP'. 
•MAXIT, LIOU, MXSUI., M1f"U,O 

COMMIUI /COAT/ Fl TI lOOI,., I JOO), YS IGI 300), NPTS 
COMMON /CSTDR/ T '27 I, Pl %'71',ALHSVf 21I.C112'71, TlllMl 2'7 J, TI I 10 I, Pl I tOJ 

a,&LHSVI ( 101,11 (21), DAll2'7) ,011'"1'(2'7) ,Sl2'7 I, VISC2'TI, TIMPl 101, C2(211. 
•DINSI 2'71,DIV .cP. t ,WT, VA, HI, TICU"I I, XI '211 ,DIV t, DIV2, CZCI 27 J, CZDI 2'7 I 

DJMINilDN 1ClltDKPl2'7J 
OIXP I AllG) •DIXP I &AC 1 
CALL ITllT 

······················· . 
• MAAOU&AltT WARIAILll • . . . ....................... 
PL 11 • 
KR•I 
lltW•I .... , .... 
M&&IT•IOO 
1.-u1110M 

llf&llT•SO 
MITND•1 
•TA&C10 
llW•3 ··············••'!•••••············· 

MDO&&. CDNST&NTS ANO V&IU&IL.&S 

••••• ' .o 
CPI •O.O 
CaAD•0.0101 
ClltZJ•O.I 
Cll112.42 
KN2R&I'••. 100•0• 
Mot 
MWI• 132. ZOI 
NWM2•2.011 
MWP•:U.01 
MWal11•.2'J 
MWS •22. DI• • •• MM•M•N 
NL• 1 
Nl'•1 
•T• 1 
NPTS•NT•N._•N·L 
NTRMPtt 
PC•24 .'J 
"A•D•11.0 
•• 1 .•• .,2 
It •'711.0 
S21f2.t• 
Sl21fO.O 
TC•'J11.0 
TDll:•2. I 
Tlll,.•121.0 
fll:E,L121:S.O 
VAttlZ.O 
Vl•1•1 .0 , ....... , .. , 
,,. ••. I 
, •• 11. 0 
W•0.30:1 
WT•l.O 
ZZ• t .................................................................... . 

INPUT•I 1' DATA IS TO II ff'PDTM!flCALL.Y C:llHa&TID 
IMPUT•2 I" DAT& 1S TD II SUPPLllD 

aara ... , II GIJ!NE111:ATID IN TWO MANNlllS. 
I SU,PL.Y ALI. "•l•IJf'ONINTIAL AND !1fPOIHNTIAL CDNSTINTS 
I IU,,PLY 11f'GNINTIAL. CONSTANTS .&ND •ATIDS Qll' IOU1Lll•1UM 

CONST&NT·S &T A SPICl,IED •l,llltlNCI Tl.f'PlaATUlll 

·································································· INPUT11 . 
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1:1 JWP\11 •2 

IC KNUfritt 1'7.10•1 
II f' IWA/Vl.Gl.2.ll ICNUIUl.20•1 
II IF f'f'A/'f'l,Ll.1.0) K'NUM•21.2D•I 
,, TR•TRO'/TC 
la DI•. JJSIJ •. llSll•T•• 1.111•19 I T•••2 I• 2. 02112• f TA••J) +I. 11122• I Ta••4 

•I 
II D2•.2110't•.Ol041•·1a•.Ol•12•TR•Tll 
'70 TIUTRl,L/TC 
'71 Dl:•. lJllJ·. :ntl3• TA+ t. lfl4U ( Ta••2 I ·2. 02Sl 2• I Tll••l )+ 1. 11422• I TR••I 

•I 
12 D••.2110't• .OIOCl•Tll• .o•u:t•TA•T• 
'7:1 Dl•Dt.•C 1. •w•021/D:l/C I. ·W•D4J 
'JC DIN•MW•IDl/Vlllll'' 
'H KM2RIF 1 KM2RI' /D!JlP ( • S 1/121. • 12) ... MH2/D!llll 

,. 
n ,. ,. 
•• 11 
12 .. .. .. .. .. 
•• .. 
10 
11 
t2 .. .. 
II .. 
" .. .. 

too 
tOI 
tOZ 
to• 
tOI 
tOI 
tot 
to• 
lot 

101 ... 
I" ". ... 

... 
tu 
Ill 

"' 

... 
Ill 
no 
121 
IH ... 
12• 
121 ... 

... 
IU ... ... 
••t ... ... ... 
tH 
tH 

• Rl&D TU.,11.llATU•IS, ~-!SSURlS, 1.KIVS • . ... . ... .. . .. .. . ... ... .. .. ... . ...... ... . 
If' flN,.UT.l!0.11 GO TD 10 
Rl.UI I IU:, IO I N~TS 

10 fCUU4AT (II J 
L•O 

'TO L.• L + t 
1 f ( L.. 10. I •PTS• t l J ca TD JI 1 
U:AD(Kllt,IOJTI L), ,it( L.) ,ALMSYI L), Cl IL) .YfL J 

10 ,Dll:114ATf'7X,IF10.ll 
llM•1 
X1(L)•1. •Ylt..l/C1fLl 
C2 (I. J •Y'( L J 
Cll:(NM,L)•C2c.LI 
CC2•C2 IL J 
Y ( L I • I 1 • IX 1 IL J ) • D LOG ( I • I 1 1 • • X t ( L} } } 
T I L l •TI L ) +a10. 
TKILJ•TCt.J/1.1 
SI~ 1 •DEK"( •S 1 /TKI I. )'•12) •fl ( L.J• 100. 
Tll:ITKH )/TC 
DU .:121121•. 3:1tS:l•Tllt• 1 11141•tT•••2J•2. 02112•{ TR••-2) •1. 11422• l Tllll••4 

•I . 
02•. 2110' •. 01041• T• • . 04142• T••T• 
Tll:•fltl!:P'L/TC 
D:I•. 3:1112•. :1311:S•Tll:+ t .11161 • ( TJ1••2) "2 .02112• I Tll:••1) + 1. 11122• (TA••• 

•I 
06 •• 21107•. 01061• r1t•. 06462• T•• Tift 
Dl•OU( I. •W•02)/D3/l 1 ·W•OC) 
DENS 11. J •M#l/Dl /YIAt:I' 
GD TO 211 

10 oa 110 K•1,NTfM" 
AIADllCll:, 100IT!Ml"(KJ 

100 P'OAMA!tix.r10.1) 
110 CONTINUE 

DD 130 K•l,N' 
ll:IAD(KJll, 120·JP1(1C,J 

120 l'Dlt.M&1'11X,1'10.I) 

no CONT I HUI 
DO ISO K'1,NL 

uo ... 
c 

u:aaf I("· U-0 JALHIV1 I Kl 
l'OIUU.T { '11C, I' 10, I J 
CONT 1 NUI 

c 
c 
c 
c 
c 
c 
c 
c 
c 

uo 

no 
c 
c 
c 
c 
c 
c 
c 
c. 
c 
c 
c 
c 
c .. .. 
tn 

c 
c 
c 
• c 
c 
c 
c 
c 

................................. ·····-······························· . 
• lt!AD &CTl•ATtOH IN!ll:EOV, HI.I.TS 0, _ADSOltjllTJON. AND ll:ATIOS l"'Ol. 
• RILATJYI AOS011l"1 IDN CDNST•NTS Af All''EJllJrfCl TIM,.IJtATURI! 

RIAD (Kit, l 101111U ( K 1, l'H2 I K), IP t K J. IA I K) , K • ~ • H) 
rORMATl11,.,I0.1} . 
JllAD( IUt. 110) (fl' (Kl. ll:R( KI, K• I, Ml 
l'Dll:M.&TI 1X. 2'10.' I 

··········-························································· . 
ITAll:T LODlll'"O&TA SIT GINIRATl.D PROM I.ACM l•llT, IC•ll:.l.TJD CDM8. 
.J l•Sl'T 
K. IC.•11:.1.TIO 
tUC TIMPlll:ATURI 
L DATA POINT ................................................................... 

••o 
..l•.J+ I ... 
llt•K• I 
lltll•O 
UC:•ICIC+1 
DD 171 L•l 0 JfT 
T' IL} •TU411'(KK)+480. 
CONT t MUI 

LT• f 
L•• 1 
LL• 1 
ICWTT•O 
'ltNT,•0 

·············································· . . 
• CIMIUll TIMI', Pall I. LMIW TO 'PORM DATA SIT • 

CO 210 L•1,•"TI 
llNTT1CNTf+t 
lltNT' tKNT,.• 1 
T(LtirT1llT) 
II IL J •P 1( "-"'I 
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.. , ... 
••• 110 
111 ... 
11J ... 
111 ... .. , 
.. I 

... ... 
111 
112 ... ... 
Ill ... ,., ... 
Ill 
110 
Ill 

, .. 
112 ... ... 
Ill 

'" , .. , .. 
170 

'" ,,. 

,,. ,,. ,,. 
171 ,,, 
"' '" 110 

'" 112 ... 
••• , .. 
Ill ,., 
Ill 
Ill 
110 
111 ... ... ... 

... 
IOI 

"' Ill , .. 
2•• 
201 
202 

••• 20• 
201 
JOI 

••• 201 
20I 
210 

110 

110 

200 

210 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

220 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

230 

. .. 
221 

... 
••2 

... 

... 
JIO 

At.. "S VI L ) 1 AL HS V 1 ( LL I 
1' lKNTT.JU:.NP•NLI CO TD 110 
IUfTT •O 
LT•LT•t 
I' {Lll>.Nl.N"l C.0 TO 110 
11 (ICNTll>.f.O.Nt.t Lfll•O 
., IK.•T~.Nl.NL) ca TD 200 
KNT,.•O 

L"•L,.• 1 
1' ll.L..10.IHJ I.LIO 
LL•LL•1 
CGNTINUI 

: ......................................... . 
1 START IOUIL.ll•iUM CGNSTAtlT CALCULATJOlllS a 

"Rl•IJCPGNIJtTlAL CONSTANTS 
• ARl•RIACT 1 ON 
• AH2•HYD•oceN 
• ·U• '"ll>aDOUCT 
• Ak •llACTANT 

IOUILllRIUM CONSTANTS 

• KJU•ltl!ACTIDN 
• ICH2•MYDl':OC:IN ADSOIO'TIDN 
• IC.,. ·PRDDUr;:T &DSDlt.,-TlON 
• ICR -•ttlACTANT ADSORPTION ........................................... 

AH2•0.0 
AH2 •K112RU' /DIXP f l!H2IJI/ll/12S. O I •O!N/NWH2/ I 00. 

::::~!Kl •KH2A!P' /O~Jlll' I !I' I JI /Jt/121. o 1•0IN/MWS/100. 

•• I A.tt. I I( J •KH2•!P' /DEJIP (I• I J) /II/ 121. 0 I •OIN/MWS/ 100 . 
DO 220 L•1.Nll'TS 
TKl\.}•TILJ/1.1 
SIL I •DIXl'f •$1/TK( L) •$2}•11'{ L} •100, 
TJt•TKlLl/TC 

• T, •. 331t3•. 33113• T•• 1. s 1111• l Tiil• •21·2.0211%• IT1t••1J•1. 11 l:Z:Z• l Tit••• 

02•. 2tlO' •. OtOll• Tll •. 04'11:Z•TIU TR 
TA•TR!'P'L/TC 

-~3•.33113• 33113•TR+1.S1111•l'U•••2J•2.0:Zl12•(Tll••3)+1, 111:;12•(TR••4 

D& 1 . 2810' •. 01011• Tift• 0&&12• TJt• Tit 
O••D1•11 ... W•D2l/D"J/l1 ·W•OI! 
DINI ( l) 04W8/0S/v• A.IP' :::: t: ::~;~~~~:I ~H2 I .J J/R/TK l.L) )·•DENS( L l /DIN 

K"I LI •A,.•DlfXll'll" ( Jl /Jt/TK( LI }•DINS( LI /DfN 

Kiili ( L ' •AR 1 Dl)l111' ( e: Jt ( J) IR IT~ I L J 1 •DENS I L I/ Dlfll 
.lfl.,)•1 +Kll'ILl•!Cat+CP1} 
llLl•Klll(L·J•KPIL) 
Itr l.lllS.Nl.•1.0) GO TO 230 

••••I .11 zz J••Z•Di.OG( Cllt.1/C_ruz1•11 %21••2• I Clt1 ••2•CIZZ••Z I /:Z •:Z. •&( ZZJ 

••I I ZZ I• I Clll 1 • CR.'Z Z I ) • .t. L HSY I Z Z I• Yll •DllHS I Z :Z J • I 1 . +ltH2 I % 2 I• SI :z I I /WT I DIX 

•Pl •f.11• IN J /A/TIC.I ZZ)) /K.H2 I ZZ}/)Cll! IZZI /I I Z:r) / 100. 

&111•0. 10•11 
WAITll KW,• }A.RX 
L •0 
Lt L• 1 
C&TDRl•O.O 
111 .o 
MAlllt 100 
M•X•:IOO 
....... '0 
KQWllT•O 
A(L)11.•CP(L)•CCll'f+CP1) 
I ( I. J • IU.t l L I a I• IC. It l L I 
KDUNT t O 
K0WNT•KDWNT+1 
CG I •Cll 1 
DIL•CRt/1-0. 
1, ( KOWNT. Cl. M•XI) GD TCI 2al 
IUlXI I. J •AIU'•Oll"( •llllll I.JI /ll/TKf L) J 
Klll:X(L)t0.15'11 

KllOKPl LI •K•l(L l/K-~I LI 
KllDKP IL l • 1 . 1311111 
CP' I •Cll ••l·:p hCll1 I •DLOC( CIU /CG 1) /I KllOKP IL) •I• 1.) •WT•S IL J •I• 100. • 

•KAI( L )•ll.H2l L l•KllDKll' (LI /ALHIYI L) /YR/DINS ( L) / ( 1. •KH2 IL J•S IL))/ 

•llC.ADJ;"ll.l•l•I.) 

• CALCULATI OUTLET CDNCENTllAT ION CR•P'CNICR I 

• Ci1•1•!.STtM.t.Tt:D VA.LUIS IO<CGCCll1) 

• C'1•••C&l.CUl..t.T'D VA.LUIS CP'•,.CMICGl 

CC lS •DJUIT·ID IY ·DIClit.!ASING INC:llftol!INTS UNTIL TH·I 

• INCREMENT IS LISS THAN 0,001~ D' THIE Y.t.LUf. 0,. CG 

KOU NT• llDUNT+ ! 
CG2•CC1 wQIL 
IP' 1Cti2.C!.D.llllDILJJ GD TO 2111 
D.IL•D!.L/10. 
GD TC 242 
CP' 2 •CR 1 • ( C, U Cl I ) • D L DG IC• 1 ICC 2 l / ( klit.DKP I L I •I• 1 , 1 •'lllT • S f L ) •I• I 00. • 

•KIUIL )•K"2(L J•KRDKlt(L l/.t.LHSV( L J/YR/DENS(L JI( I •KH2( L )•SIL 1 l/ 

•tKllOKll'l\.)•1•1.1 
IP' (L.CT.Sl GD TO 2•t 
I' {L.LT.4) CD TO 2•1 
TlllMt •DLQC( Cl 1 /CC2J•.t.l L l/11 L l/2 . 
TIRM2• ICll1••2•CG2••2)•1 {LI/Al LI I•. 
TIRMJ 1 CR I 

TEllM• •Kiili I L J • KH2 ( L ) •Kilt t L. ) •WT• e: •SI L ) • t 00 . I AL"' Y f L. I/ Vlll/ DI NS I L l / I 1 . + 

•KH2tL. l•S(L l )/2. /A[l. )/ll(L I 
TlllM~ •ft RM 1 • Tiii.Ml •Tf.lllJU •TERM• 
IP IK.OUilfT.Gt.Jlo'•Xl 'C TC Ill 
I' IC,.2.Ll!.CR1 . .t.ND.Ctr2.C!.O.O) .r:.c tD 211 

1'' (C,1•C1Z.GT.O.OJ GD TO 212 
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------- ----- -

211 ... 
JIJ ... ,,. ... 
"' "'11 ... 
no 
221 
222 
222 ... 
221 ... ... ... ... 
220 ... 
... ... 
••• ... .. , ... ... 
Uo ... ... ... ... ... 
UI 

... ... 
141 
Ho 

Ill 

,.. ... ... ... ... 
2'7 
1·51 
a.11 
HO 
2·1t ... ... ... ... ... ,., ... ... 
no ,,, 
,,. 
2,J 
z~u 

... .,. 
•n 

• c 
• • • • • • c 

. .. 
211 
no 

zn 

.,. 
210 

. .. 
,., ... 

210 .. , ... 
210 ... 

c 
c 
c 
c 
c 
• c 
• c 

••• 

DfLl•OIL/1"0 • 
C'IO' •Ct2 
C"1 •C ... 2 
Ga TO 2tO 
CGf•CC2 
CP' 1 •CP% 
GO TO 2•0 
011. •OIL/ 10 
CC:J•CC2·01L. 
cra•CC2•DIL 
1' (CC3.Lt:.O.OJ CCJ•O.OOOOOt 
1'' CCtit.L!.0.0I CCit•0.000001 

CP3•C• t •(Cl' ,.c. 1 '· •DLOC:( CA1 /CC3 J" k"o"" r L l•I. I ) ·WT•S f L )•I• too .• 

=~==~:;;~7!~~: ~~·Olt~I L J /ALHS'I( L l/YA/OINSI L J/ (I. •ICH:li L hS t L J) / 

c'••CA 1• I c· .. 1•Cll1 )•OLOG I Cll11 /CG•) If Kfll:Dk" IL) •f.·' I •WT•$ IL) •I!• 100. 

=~==~;t;~7:~~: ~~AOKI' t L) /AL HS-VIL) /Ylt/O!NS ( L 11( 1 '."KH.2 ( L J 'Si i. I I/ 

:: .. !~~=~ICC:2•CP'JI .LT.DAIS(CIU:•cr.,J GD TD 271 

CGt •CG2 
CG2 •CC I .. DEL 
,,. ICC'02. LI .O .• OJ cc210.000001 
ltDUNT•ICOUln• 1 

CP't •C•t• f C, 1•Clll_1: l•DLDCf Clll1/CC 1) /I ICllDKP( L J 9e; .. 1. I •WT•S{ L J •I!• too • 

:i::~;:~~7!~ ~ ~ ~1RDKll'( L l/ALHSV IL I /Vlll/01!-,..S (LI /I I. •KH:Z{L) •$CL I) I . 

CJl'2•C• t•I Cl" UClll 1) •DLOGI Cll1 /CG2) If KltDKll'l L) •l ·I l •WT•S' L) •I!• 1-00. • 

=~::!~~ ;~~~:~: ~~lllDKll' IL) /It.HS¥ l L l /VR/Dl!NSf L) /( 1. u:H2( L J•S t L )-) / 

,, (L.CiT.I) CiO TD 2,1 
,,. IL.LT.4} CD TD 2"TJ 

TElllM1 •Ot.QG( CA 1 /CGZ-1 •Al L) /II L J /"I., 
TllU1'12• I CJt; I ••2 ·C.C7• a 2) •11 L J /A( L J /4 • 
TIJt;Ml •Clll I 

-~==~~ ;~:~ ~ ~ :;;~~!t ~ ;;:~ ~; J•WT•l•SI LI •100. /&LHSY( L) /VIII/DINS (~I/ 11 + 

TllllMS • TUllM1 •Tl!Jt;M2•T£04:S .. TUtM4 
JJI' IKOUNT.CiE.MU:) G.D TG 215 

~: ~~C:~;CP'1l•ICCi2•CP2J,t.T.O.O) GO TO 210 

OU.• •DEl./10 . 

JP lDAISIDEL/CG2J.LT.0.0000IJ GO TD :ZIS 

IF IDAISlDll!Ll.LE.0.000001) GO TCI 2·1s 
ID TD 2.,0 

:••111•····· •••••••••••••••••••••••• 
: C:&LC\IL•TI 11',RCTlYINEIS l'Al:tOa : 

······················-············· 
TA•TKILJ/TC 
H [TA.LT. O. 91 I GO TO 211 
W•tTl,ttVr.21'71Ta 

P'GlllMATl/////10•.'TMI •EDUCID TIMPIR•TUllle •' '' 1 21 '1'S 

·=~~:::~~~,. ~~;== .! ~ 1 ;:~.: ~ ;~~; ~ rv CAL CU LAT I o·it. ! 0 / j //I 

lfl01 •O. Otl ,, ..... , , , •• , ..... oo,t•Tlh Ta 

YOt• . o•2Sl2• . O"rl'7•-• TJt;•. 03•0•T~• TR 

Ytl ( L) • l Y01+W•¥0Z) /0 
Kitf 1.•ll.•¥1/'IA)••f2. /3.} )•KHUM 
DAl(L)•K1•TKll)/Yl$(1.)/VAnf1 ./3.) 
D!l"I'( LI •¥,•DAI l l I /TCJlh (\.•SJ 2/~llAO) ••4 _ 

JtDl•D\.OC I CA l/CG2 I •ALttSW {LI 
M•ClllAD•llC.Ol/DE'ft'IL'(L)/3100 J••O..S 

A•OYI! TMI 

11 l\. l • 3. IHI H. 'N• ( I ae x, I HI •DEX .. ( .. ~4) l /( Dl!X~ f HI .. DI! XII' t .. MI l l ~ 1 • J 

I, ttMll'UT.N£. 11 CO TO 70 

" IDAl•fccz .. csTa•ll/CG:Z:.r.T.0.0000021 GO TD 2•0 

CSTOAl•CG2 
1•11 u.1 
CCI TO 221 
H tK.DWNT.Ll.MAXt:) GO TO 211 
WJt;ITllKW, 23'7)1COWNT, L, J, K 
Jl'OllMATI /,IX,'THE MAXIMUM NO. '''.I•,tx,·ttatt.ATIONI HAS llEN RIA 

•CMID IN Tl'tl !l'l'E'CTIYIJU:SS l'&CTDll CAl.C'Ul.ATIDH',/SX. 'Jl'OA GATA "OINT' 

•,JJ,U,'lN !•SIT NO ',13,IX,'ANO ·K•llATIO N-0.',l:l,/J 

I' lKOUNT.Ll.M,U:t t;O TO 2·11 
WllJTI lKW, 210 )K.OUNT, I., J. IC. 
PORMA'T( /,IX.'TH! MAXIMUM NCI. 0"·~,H, 1X, "lTlll·ATJOtll HA:l &-llM RIA 

•CHED lN THI _0UT1.IT CONCINTRATIOll C&.LCULATiON',/IX, "P"Oll DATA ll''OJNT' 

•.1:s,t11,•1N t:•SIT N0.·.1:s,1x.·aND K·•ATJD ND.",J:S,/) 

fOU l C .I'" 1) •M•K) 
CRCNM,L)•CC2 
JP' IL..LT.Nlll'TS) G·D TD 230 

............................. -..... . . 
• waste tclNITIC MODIL INPDllM&TtDN • . . ................................. . 

WtlJTEt•w •• )KRX( t1.KH:Z11 r. KWI!"( '), l(ll'f 1 l . 

WlllTI! C KW, J10) IRl I .1) I tOOO .• IH21J)/1_000., !:I' I JI/ 1000 .. IRl.J )/ 1000. , tllt ( 

.. 0. tlal tc: I. tc:H2RIP'•OIXll' ( ... 51/12S. •$2 I •Ol!N/MINl•U 

'DAMAtf1HI //liX,'TMfS PllOC•&M G!N£RAT!S .&. S!T D,. DUTl..l!T .. !AC'T 

•ANT C011tCUITllATJGNS Cl YIN Tt!M.,!ltATUllE, •i:t!!:SSURI!. ·, //SJI, 'LHSV, AND I 

• .. LIT Rl&·CTANT C0NC?NTJlATlON$ CIVl!:M AN 1NT!CIU.T'ED .. ATt EOUATION ANO 

• JTS RATE CDNSTANTS.',//llC,'JT Ttolll!N ,ITS;.. KINETIC MODl!L IOUATlON 

•TD TMJ.S SIT D,. H't',CITHITICAl.1.Y CEJIUt&Te:O OAT.&..', 

•IJ//l/&X, "'IL'Ort. THIS CASI : ',///IX. 'lt!.ACT10N A 

•CTJWATl'DN llf!Jt;C::'I' ••. ,. •. 2.1x,·111.c.a.L/GMOL!."./11'.'MYDlllDC!N "!AT Cl,. AO 

•Slfll'TION ••.,.1.2, 11., 'llCAL/C::MDL(.' ,/1X, 'lllltODUCT HEA-T 0,. ADSDal'TION 

•••• Pl.2.tll.'KCAC./GMOL!'./'l•.·•e•CTANT Hf:AT o• llOSOtlPTION ... ,., 2, 

•1X,'KCA1./CMOLl',//ll,'&01011111'T10N llAT! CONSTANT llATIO K•H2 11/MDL 

•l'I. M2J: k•ll'RDOUCT (1/MOL.I".. H2SI ' ... ,. •. 1.1:ux.•l( .. H2 f1/M0Lt:~ 

• M21; k•Rt:ACT.&NT (1/MO.L.E~ D•TI 1 • l"l.1,/IX •• l'Olil .. •ere:Rl!NCI 

• VALUI PD11t IC.'"H2 • ',1fl'Ol.3,1X,'1/•St AT 12aK.',//SX,'WT\ JS 1"1 W 

•llCMT ll'IJt;CEJIT D,. ELlM!.NTA.L. sur.ru• JN THE IULK ,.&.UICI.·,/////) 

1'71 :111 rr IJNll'UT.l.0.11 co TCI JU 

211 wanitttw,3121 
2to JU PO•~&Tl1H1/Jl•.'THIS ll'lllOG•o• Jl'JTS AN JNT•tMS1C K1'11:TrC RA.Tl MODl..L. 

•TC I SET OJI' EX,!RIM!:NTAL O•T HDS O&TA ',////IX,'WT~ IS THI Wl!lGMT 

•~!RCIH'T 011!:NZ:OTH10P11U•E IN TM! IULk. "llJID. ',///) 

,., 211 WlltlTt:fKW,JtliJC•A0•2o. ,,.•AG•'l ,v,_toa 
211 3'5 "DJt;M&T(/l/SlC, 'CATALYST 11'11.Dll'EtlTUS .&kl! : ',//IX, ·~AATJCLI OIAMITIJ. • 
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213 ,., 

••• ••• ... ... ... 
210 

"' , .. 
213 

••• ... ... 
217 ... 2·•· 
300 .. , 
302 

••• 
'°' ••• 301 .. , 
'°' 

••• ••• .,, ... ... 
31' ... ... 

.,, ... ... 
JIO .. , .,. 
... , .. ... ... ... ... ... 
no .. , ... ... 
••• ... 

c 
c 
c 
c 
c 
c 
c 
c 
c 

·:uo 

330 

310 
no 

• •• 

•o• 

••• .. , 
... 
... 

c 
c 
c 
c 
c 
• • 

c 
• c 
c 
• • e 
c 
c 
c 
c 

••,,.1.2,11, 'tflllM1'./IX. 'AVEl.AGI JIGl.I DUM!Tllt •',,I. I, tx. '(ANGSTROMS 
•t',/IJl.'VOID l"ll&CTID ..... , •. ,,/.Jr.. 'TDllTUOSlH ,.ACHllllt I' ,l",.2,////1 

..................................... . 
• WHITI C!llllR&TID DATA 11'0• THIS SET • . ....................................... 

Wllrl Tl( llr.W, 370 I 
'01U4AT(IX, 'llUN',11, 'TIMJl',IX, 'Jlll!SS•,a1, 't.HSY',IJI, 'H2 SDLUllL1TY', 

•ll,'I"' au·,·.11.·u1 ,. ,.CTDll'.ll;'lilil CDNC.',IX,'FIH CONC.',/llX, 
•'IP'l'.'•··(JISZl'.ll,'ll/Hlt)',IU,'fWT~J·.1•.·1so CM/Sl!C)·,::rx.·cwr 
a':.)', IOI, '(WT~I',/) 

DO :no LI I. lilllTS 
C21LJ•CRtNM,Ll 
WlllTl11t.W,)40 U., T(L J .. 410., Jiii L l ,ALHSYI L J .SfL I .tlf"'ILJ, 11 (L J .CR1,C2h, 
'I 

l'GAMAT(IX, ll, ,,0-.1.ptl 1. I ,l'I0.2,IX.5111.11 
CDNT J NUI 
CAL&. ST!l"T llXl'ITt 
DIV.•0.0 
DIYt •0.0 
J:O•O. I 
J:C•O. I 
oa &05 J.Ja 1. N~TS 
XD1• I. •O!X~l·YIJ.J)•XDI 
XC111 _ •OIEXP( •P"?TI JJ J •XCI 
I' IDAlllXDt•XOl/XOLl.T.0.00001) GO TO 410• 
WD•XD 1 
XC• XC 1 
GD TD i03 
C2D I J..I I• c 1 ( JJ I• f 1 ... XO I 
C2Cl ... J)•C1(JJ)•( 1.•XCl 
OIE'f' 1 O!Y •DAIS t C2C t JJ) • C2D t JJ J J /NPT$ 
DfY 1•D!V1•DA8S ( czc:t .JJ I •C2D1 JJ J J /Nl"TS/C20 tJJ I• 100 . 
CONT INU! 
WJllTl(KW, SOI J X' 1) .Xl2), X 12) .Xl 1J/Xl2 l/lr(3 I 
P'QIU4ATf1H1,/////SX,'tt.TaJNSlC: "'DDEL. ~AlllAMl!TlltS',///IX,'P'ITT!O IV 

..... (t/Jl&.Nft/11•1).J',//IJ:,'1(11 'KIP:MJfKlt/K.I") I ·.c:10.4,//Sll,'1( 
•21 • 11:" • ·.110.c,:u.·11wT'.'..',//1x.·x131 • Kllt./KI" • '.l!t0.4,//IX,'Jt 
•1 ',ltO.&,JX, "WT°;/Hlt' l 

WIUTI I KW, 190101¥, DIV I 
l'DR9'AT(////5X, 'MEAN DIYJATION t ',1"1.5,//IX, 'AVIRAGI 'IRCENT IRJlQJl 

',l''J.1,////1 
JP' (INPUT.NI.It GD TQ Ill 
1' tKll..LT.NTIMPI GO TO '7'& 
l" (K.l.T.Mt CO TC 73 
II' IJ.l.T,JI) CQ TD 12 
STOit' ... 
• IND DAT& GIENl•&TIDM LIOl"S • 

····························· 
:··· ..................... ·: 
: OAT.& 'tTTINC IUlltOUTt•E : ........................... 
suaaaUTJNE [Xl"JT tl'tTMJ 
IMPLICIT "ilAL•.I IA•tt,0•?) 
a.IAL•I IC.RXN, KKYD, KllCT, l(IJRD 
DOUIL.! ~ltfCISIDN 1,P'tT,OEXl'.OIUll,AIC,l'tTM,,-~ 

~~=::.l~~S~~!7( !~:!I , ll'.,AX I 2CH , >O•U NI 20 l • C!:l. TX 120) • QU.Mll 1 20 I , 
•ta.•t20, 21 t, ,01.J, NV, NTltA.C, MA TAX ,MASKI '20). 
•NP'MAX, ICl"L.& T, J\IAI Y, NlCTJlA, Jtl"LAG, NO"!•, KUtP'L. ICW 

~::::: ~~~~;'/ ~ i~~j~ ! j ;; ~~:~H;~ i ;~ ~~~: j ~~~~ TEltMI 211, Tl f 101. '1 I to I 
• ALMSV1t 10) ,11127) ,DAa(2'7) ,0ll"'P'(2:7J ,Sl'Z7J ,VIS(2'7) ,TIMfl!{ 10) ,C2~2~~ • 
•i>ENS 1 2:'7), DEY, Cl' 1 , WT, Vlt, H 1, TK t 2'7}, X 1 I ?'7 I , Dl.V 1. DIV%, CZC ( 21) • C2D 2 
01u• f AltC) .. oau• 1 AA'I 
... , . 1172 
PD•J•O . 
DO ,..0 JI 1. Nll'fS ::!: ~~~ :~; t..1 l•WT• too. ·•ft J /ALMSV I J) /Cl (JI /'O!/DINSt J)/ r c:~, /Ct' J) ., 

•1/K1IJ)/lt ... l.f2l•St.aJl•t1 •X(31•1tlJllltC"1/C11Jl•1 I 
l'JTMI .JI •I'' 
1'08J•l'IHJ•lF' .. y I .J) /YSIGl J) )••2 

JIO CCINT I NUl 
RI TUAN 

• •• 
•INTaT 
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1ttll PROGRAM 'ITS AN JNTlll.INSIC KINETIC RAT! MDDl!L TO A 111 0' IXPUllMfNTAI. D8T MOS DATA. 

wn. II TM! WEIGHT PllltC!NT DlllJUDTKIDl"HINE IN THI IUl.lt PLUID. 

CATALUT 'ROPl!RTl!S ARI : 

P&1UJCL! DIAMl!!T!ll 1 0.2t IMM) 
AYUl:l.CI! POIU DIAM!'Tl!'ll 1 21.0 IANCSTROMS) 
YOJD ,llACTION 1 C.100 
TOltTUDSITV f&CTOllt I 2 .10 

AUN TIMP' PRIESS LHSY •• 101.U81LITV .,, Oll"P' ,,, f&CTDll: 

I' I I PS 11 ( 1 /Ma) CWT~) 110 C:M/Sl!CI 

I ..... 0 210. 0 LOO 0.331110"'01 O.:t711t0•05 0. 11'7300 00 
2 141. 0 210. 0 3.00 0.3::SSts0·01 0. :111110-01 o. 111'7tD 00 
2 ltS. o 210. 0 I .00 0.331150•01 0. 3'11110•01 0.111110 00 

• ,., • 0 210. 0 I .oo O.:t31flD•Ot 0. 371110 ·01 0.111100 00 
I I.ti .O 310. 0 1. 00 o.•11210-01 O.l7111D•Ol 0. 111110 00 

• ... , • 0 350 .0 :t. 00 O.•lt21D•Ot O. 37111CI •01 0.111210 

' l•l.O 310. 0 I. 00 o.•11210-01 0. 3'11110•01 O.ttSltD 

• 141. 0 350. 0 I .oo o.•lt210•0t O.l'11110•01 0 115110 00 
I 141. 0 •so, o '' 00 

o. 1032'70•01 o. :n1110 -01 o. llllilO 00 
10 141.0 450. 0 :s.oo 0 .1032'7Cl•Ot 0.2'11110•01 0.115710 

" 141.0 ••o .o 1,00 0.10:12'70•01 0. 3'11110•01 0. 111410 00 .. 141.0 410. 0 I .OD 0, 1032'70•01 O. 3'71i•D·OI 0.111210 00 

MARO ••.• llGIJI NDllL INIAA LEAST SOUAltll SOLUTION 

MAU • 
0.000000 00 0. 000000 00 0.000000 00 

IMAX 0. 100000 .. 0. 100000 21 o. 100000 ., 
XMIN •O. 100000 .. -0.100000 .. -o. 100000 .. 
OILMN 0. 100000•0, 0.100000•0'7 0. 100000•0'1 .. WPTI . .. LPDMA . 200 LPDMI • 20 NTAAC 1 0 MITHD • 

kDRDr . I llP'LAT . I N,MAX . 1000 MAXIT 1 IO M'llUI • 21 

Cl.IT • 0.70'7110 00 AILDlll' I 0. 100000•0'1 ltl:U4N • 0.100000·0'7 

PHI CTNI IUM DP IOUARIS) • 0.:1133'71t0D 00 

POllHLV DANGIAOUS YI.LUI 0' COl!F,IClllllT •••• OIAVC z. 21 I 0.00000000 00 

&ANK•OIP'!CllNT llOAMAL IOU&TIONS IN MARO. . ....... OADIA D' MA.TAU • 

CIMWEl.CID WHIM THI STIP llC&MIE IMAl.L. 

11 lTIA&TI ONS ., . J'MGN • 0.100000 01 

NOAM ., SCALED GA&D llNT 'WICTDlt . 0.2'J2120•0t 

• . 0.12201110 00 o. 1•121•1D 02 0 .21119111•0 00 

Y( .I) P'ST(.I) 'f' 1 • .11., ITC J) UICI.I) 

I 0. t2T22710! 01 0 1217t'Ut0 01 0 .110410•02 0. 100000 01 • 0. 110:12000! 01 0.1011•1110 01 0 400130•02 0 100000 01 
2 0 10521110! 01 o. 1011114'10 •O •11120-02 0 100000 01 • 0.10317010! 01 0. 1037'14'110 01 •O. 1041•0·02 0. 100000 01 
I 0.12111 nor. 01 o. 132071210 01 ·O. 211340•02 0. 100000 01 • 0. 1 t22&020f 01 0.1'111011C 01 0. 210t 10·02 0.100000 01 

' 0.10'1•&110! 01 0. 101303110 01 0 1 II U0•02 0. 100000 01 • 0. 10•31110! 01 o. 104132110 01 •0.5'T70I0•02 0 100000 01 • 0. Ul•1210! 01 0. 1317177$0 01 •0.211100•02 0. 100000 01 
10 0. 11'111'10! 01 0. 111410'720 01 0.211010-02 o. 100000 01 

" o. 10722110[ 01 0. 10"&11310 O• •O. 110200•02 0 tOOOOD 01 .. o. to1os:uo1 01 o. 10.a:1111zo 01 0.111llCl•02 0. 100000 01 

•VNll• ., DIGll:l:IS ., Pa.u:ooM ' 0. 100000 01 ........ ICALt:D DIYUTION o• DATA ,.DM ,tf . O.IU72D•OZ 

MAUMUM SCI.LID DIYJATJDN . 0.111120•02 

•• CONC Ill' IN. CDNC. 
fWT':.I (WT:.) 

0. 2•3000 01 0. 1•'7000 01 
0.2•3000 01 0.111000 01 
0.243000 01 0. 2 I 1000 01 
0. 243000 0. 221000 01 
0 243000 01 o.1:uooo 01 
0. 2430oC 01 0.112000 01 
0. 243000 01 0. 2 14000 
0 24300C. 0 . 223000 01 
0.243000 01 0 121000 01 
0.243000 01 0. 117000 01 
0. 243000 01 0 . 21 1000 01 
0. 243000 01 0. 220001) 01 

KALCJt 1 

LAMICA • O. I OOOOD 01 

ITIR&TIDN 

1 TIRAT I ON 

LAMICA • 0. 2'7011D 02 

IY•l"UJ/'fSIG 

0 110410•02 
0 •001:10 • 02 

•O. 111120·02 
•O 104140•02 
•O. 211360•02 

0 210110•0'2 
0. I IS I ID •0'2 

•O. 1'1'1050 •0:0 
•O .215100•02 
0. 211010•02 .. t 10200 •02 
0.11'1JI0•02 
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IUIJlOUT I Ml MOt.•I.. 

OSAY IP'1•,, iCALlC, WHlfAI II' 1S THI .JACDllAJllJ. 

o. 1ooooooa 01 

•0.11211210 00 0.10000000 01 

·0.111e:S21D 00 0.11320320 00 O.tOOOOOOD 01 

.. UMlllt or DIGAltS Of' ,,.u:ooM fN.D.,. I • IN11'1'1•N&CTVI • 

lllP'ICTl:D VALUI 01" fJHJ • 11.0.P. ll'LUS Dll MINUS SOllTl201.0.,. 

1.CTU&t.. YALUI OP' ll'Hl • O, 240310•03 

RllCAL ING FACTOa 1 SORT I 'Ml /N. D.,. J • 0. I tl1::SD•02 

M.1.U MUM YAIUANCI IH,L&T l ON P' A.CTIR • 0. 114010 02 

A"'ttOllMATI STANO.aao !ltltORS. 

MASKIJJ 

0 

0 

0 

I(~) 

o .• ,201 ISID 00 

O.Ul21Ct4D 02 

0.:141S1tlt0 00 

_LOWl!I. 11tlANGLI DP THI COltJtlLATlON M&flllll: •.•• 

K .... 
NASKIKJ ••.• 0 0 

M&IKIJ} 

0 o. 1oeooo 01 

o.•11400 00 o. 100000 01 

0 

... ,. 
0.301,11~ 01 

0. 110010 03 

O. Ut ttD 01 

0.111010 00 O. 1'7Ul1·a 00 o. 100000 01 

INTltllCSIC MDOl.L 111.kAMIT!lllS 

rJTTED IV Y • (t/X)Ltl(t/lt••ll 

1(1) • lt(ltHJtKA/KP'J • 0.13200 00 

IU). KH I O.tll::SD 02 1/WT'4 

11211 • KA/K' • 0.3411-D 00 

MIAN Dl'llATIDN • 0.0U13 

&•IA-AGI lllJlCIHT &lllllOA • 0. 71:111 

IT&TIMINTS IXICUTED• 22402 

PLUS Oil MINUS O. •24210 01 

•t:SC&\.10 
IR-AGll 

o. 1Sll2D•Ot 

0. 112240 00 

119 

coar us.&GI! 01.1111:' COOi • 11111 IYTES,All.'1.&Y. Alt·I&• 111'11 l'f'TIS, TOTAL A'll·ll IY&U.AIL.I• 1,40&0 IYfll 

D uca101 TI Cl 0. N.UMllR ,, W&·•tM •G·S I e. WUMe1.a 0" ll'TUt510111• .. 
COMPILf TIMI• o.41 1ec,1·x1cu11ow TUllJI• O.:J·I SIC. ". 31 .21 SUNDAY 14 JUL 1:1 W&Trl' " M&R 1110 VILO 

C•ITOll 



TIUI llADCR&M PITS AN INTIUNllC KINITIC lll&TE MDDIL TD & SET 0' IXPIRIMl!NT&L DIT MDI DATA 

WT~ 11 TKl WEIGHT PIRCINT D lllNZOTtU DllHt:NI IN THI IULk PLUID. 

PAITJCLI DIAM!T!t• • 0.21 (MN1 
.1.¥111:.l.GE PORE 01.AM!TI!• I 2a.o l&NGSTJlDMS) 
•DID Plt&CTIDN • O.SOO 
TO&TUOSITY f&CTDR 1 2.10 

••• TIM' , .... L.HSY •• SDLUIJL ITY ... a,,, ... '&CTD• 
I• I IPSl) I 1 /"R) IWT~I ISO CM/SIC I 

1 112. 0 210. 0 1 ... 0.3•1110•01 •2•010-oc 0 11!i300 00 

• 172. 0 210 • • .00 0 3t•SID•01 42&010 •06 0 11521 c 00 

• 1'12 .0 210. 0 • ,00 0. 3&1110•01 0. 4240150•01 lt!i21iD 00 

• 1'72 .0 210, 0 I . 00 0.341190•01 0 124010 •01 .915 llD 
I 172. 0 310.0 1 00 o.•11220-01 0 424010-01 . II& I JD 00 
I 112. 0 JIO. O 3 00 0.411220•01 0 .&240lD•OI 0. 194.020 00 , &'72. 0 no 0 1.00 0. 411220•O1 0. 12&050 •O' 0. 193910 00 
I 172. 0 :no. 0 I .00 o. 41122D·01 0. 121010•01 913130 00 
I 1'72. 0 310 .0 12 .00 CL61122D•Ot 0 124010•01 1196040 00 

10 1'72 .o 410 0 , .00 0.12!1110 .. 01 0 •2•010-01 0 113 110 00 
11 .,2. 0 •lo.o J. 00 o.12:sa10·01 0. &240IQ •OI 0. 913 TC.D 00 
12 172 .0 410. 0 '.oo 0.123110•01 0. 424050•05 112'10 00 .. 112. 0 410 .0 I .00 O. 123110•0 I 0.424010•01 112110 00 .. 112. 0 410. 0 12.00 o.12i110-01 0. 424010•01 .113000 00 

.c&JlO ••. 110111 NOMI.I NI.AR LI.AST SOUAllS SDI.UT JON 

MASK 0 0 0 

0.000000 00 0. 000000 00 0. 000000 00 ...... 0. 100000 .. 0. 100000 31 0. 100000 .. ...... .. 0.100000 .. •O. 100000 .. -0.100000 31 

OILMN o.10000D•07 o. 100000•07 o. 100000•07 

•• . Jlill'TS . .. Lll'DMA . •oo Ll'OMI • 20 NTJlAC 1 0 MITHD • .... ,, . 1 NP LAT . 1 NP'MA• . 1000 MAJll T • so MICSUI .. 
CRIT • 0.70'1110 oo JllLO' 1 0.100000-0'7 lllll.MM • 0.100000 .. 01 

l'HI I THI SUM "' IOUARIS, • 0. fll-t••o•a 01 

POSSllLT OANGIROUS TALUI 01" COl,P'ICllNT .... OIAVl 2, 21 1 0.00000000 00 

&A•••Dl,ICllNT NORMAL IOUA11DNS IN M&JlO, ll&Ntt • 0101• OP' MATllll IC 1 

CeRYllllCINCI ACHllVID UNUll TNI NP'LAT OPTION. 

.. , I 11 I 'MGN 1 0. 10000D 01 

MOIM 0' IC&t.ID GRADIENT •ICTOI 11 0.213210•01 

I• 0.1110122001 o.1n1J1:1002 o.13S&l:l'7Doo 

.,, .. , P'IT(..11 Y( .. J•,rT(..I) YSIK*I ..I) 

1 0. 117023001 01 0 1111 U3-00 01 •O. 112140•03 0.100000 01 • 0.111121101! 01 0 1, 1202&10 01 0. a2s11 D-02 0. 100000 01 s 0. 10 .. 411•01 01 0. 101110210 01 •O 121310•01 0 1 OOOOD 01 • 0. 10171410! 01 0. 1o•a'7s120 01 0. 121910•01 0, 100000 01 • 0. 11Jl2100E 01 0. I 1:11039 ID 01 0 .23111-0•01 0. I 00000 01 
I 0. 122UIJOI 01 0. 122220110 01 0. 12•1•0-02 0 100000 01 

' o. 110111101 01 0.110141110 .. 0. IOJllD•Ol o. t 00000 01 
I 0.101221101 01 O. IOllUOID 01 0.101170•02 0. IOOOOCI 
I o. 101211101 01 0.101111'740 01 •O 133020-01 0. 100000 01 

10 0.111 '11JOI 01 0. 117131210 01 0.2•,010•02 0 I 00000 
11 0. t2IOSJ201! 01 o. 12'700&310 01 •0.111010•02 0. 1 00000 
12 0. 112101101 01 0. 1122S'T21D 01 O.IOIAI0·02 0 I 00000 01 

" o.101c11ao1 01 0. l0'71SllOD 01 0. 12"rllD •02 0 , 00000 01 .. 0. 101241101 01 0.101112110 01 ·o.•111.10-02 .. 100000 01 

lillUMllR •• OIGJlllS •• FJlllDDM . 0. 110000 02 

R.M. I. ICALID DIY UT IDN •• DATA 'ROM . ., 0. 141710-02 

•• CDNC P'IN. CDNC. 

0 
0. 
0 
0. 
0. 
0. 

IWT'-J IWT\.I 

24300D 01 O.ITOOOO 00 
2.C:lOOD 01 0 174000 01 
:2&3000 01 0 201000 01 
:UlOOO 01 0. 21 '7000 01 
243000 01 '10000 00 
41 JOOO 01 1 IOOOQ 01 
24 3000 01 111000 0' 
21JOOC 01 0 2 "000 
243000 01 0 211000 01 
243000 01 0. saoooo 00 
2•3000 01 0 l SOOCD 
2•3000 01 0. ltOOOD 01 
2 4 3000 0.205000 01 
24JOOD 01 0. 21SOOD 01 

KALC~ • 

LAMIO& • 0. 100000 0 I 

fTIRATIDW 

ITlll&TlDN 

f.AMIOA • o.111a1a 02 

('l .. FITJ/YSIG 

. 1121t0•03 
0 . &211'1 D •02 

•O . 121310•01 
0 . 171110-0t 
0 . 2::11 110 •OJ 
0 I 2&140 •02 

•o. 1o:n10-0:1 
o. 1011'0•02 

•O tJ302D•OI 
0.2410,0•02 

·0.111010-02 
0. 101490·02 
0. 121110•02 

•O. • 11110•02 
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MAUMUM ICALfD DlYJATlDN 1 O. U,020•01 

S.UllltlUT 1 ll! MOflU;. 

01.1.Y ,,,.,, IC.&L!O, WMatlE P JS 1H! J&COll& .. }.. 

0.10000000 Ot 

•O.llll:Jl&D 00 O. tOOOOOOD 01 

·o.1is11tto oo o.11011uo oo o.tooooooo 01 

•UNllR 0,. D!CIU!.!S 0,. l'Jt~t:OOM IN.D,,. J • INPTS·NACT•I I 11 

1-•PICTID W&l.UE 01' PH1 • N. D.,. PLUS D• MINUS IORT I 2•N. D,,.) 1 

ACTU&\ WA.LUI D' _ PMJ 1 O. '71aliD•03 

RllCALINC rACTDll. 1o•TIPHl/N.D.,,) • o.&•S7&0•02 

MA&IMUM VA"1ANCI IN"LATJDN ,ACTOa 1 O.'U271D 02 

&PPAOllMATI STA.NOA.AD lltaoas. 

MASK{J) 

0 

0 

0 

x I J1 

0.1110.12110 01 

I, tt:U·3132D 02 

0.131413710 00 

t.OWlt T"IANClt D, TH! CDRlllELATION MA.Tit.II,, .. . '. 
MASK( Kl. 

MASK(,J) 

0 .0 

0.100000 01 

0.111110 00 o. 100000 01 

llHOA 

o. ::112•120 ot 

0.413taD 02 

0. 124&20 01 

0 0.121310 00 O.t411lD 00 0.100000 01 

l'JTTID IY y I (1/XILIC(t/(t-llJ 

af1J • K(KH)IKR/KP) • 0.11100 01 

11 2) 1 KH • O. 1 13SD 02 t/WT~ 

xt:IJ • KRl•V' • o.t311D oo 

1C 1 0.111:10 00 WT'S./HR 

MIAW O!'VJATJON • 0.02112 

A-YIRAlla llllRCltn llUUR • t • 0111 t 

ITAT&MINTS UCt:CUTID• 

11 fllLUI Dlt .CINUS 0. •••o•o 01 

RllCALID 
IRROlt 

o. •oal7D oo 

o. 10123D•01 

CDll UIA·GI oa.u!-CT CG·DI• 11111 IYTIS, Alll&:Y Altl&• ••••• l'fTll, TOTAL ..... AVAIL.I.ILi• t•uoao l'fTIS 

DIAGaDSTICS 

COMPU.I: TIMI• 

CllTDlll 

0.41 llC,llt:CUTION TIMI• 

O, NUMll9t G·P WAttN 1 NGS • 

Cl. t'J SIC. 

0, NUMll• 0,. IXTINS t DNS • 11 

SUNDAY J4 JUL 13 WITPJW • M&A 1110 Y2t.O 
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TtUS PllUICllAM YJTI AN JNTAUISIC ION!TJC RATI MCID!l TCI A SIT CIP !XPIEllllllfNTAL Dlf MOS D&f&. 

WT,_ U TH! WflC:HT fl'l!ACINT DllEflUDTHJDfl'KllH IN THI IULIC. P'LUID. 

C.l1A.LYS1 l"•Ol"flltTJeS AIU! : 

P.t.•TlCi.( CIAM!TI• 1 o.:rt IMM) 
A.V[fltACI!: llOfl! DIAM!T!ll • 21.0 IANC:STROM:I) 
YOIC. Jl'll:ACTION • 0.100 
TGll.TUQSlTY ,ACTOR • Z.10 

RUN TIMIJ PIU!SS L'MSV 

'" (PS 11 ( 1 /Hll) 

I 110.0 210 .o 1.00 

• 1·10.0 210. 0 3 .00 

' ltO.O 210. 0 '.00 • 110 .o 250. 0 • . oo 

• 110. 0 2$0.0 12.00 
I 110 .o 210. 0 1s.00 

• 110.0 :no.o 1. 00 
I 110.0 2so. o 3. 00 
I 110.0 210.0 '. 00 

10 110. 0 310. 0 I. 00 
11 110-.0 310.0 12. 00 
!2 ltO. 0 :no.o 1S .oo 
u 110. 0 410. 0 3 .oo .. 110. 0 41.0.0 I. 00 .. 110.0 410.0 I. 00 .. 110. 0 ••o .o 1.2 .00 
11 ltO.O •10 .o fl .oo 

......... llGUt NDNL'INIAlll LIAST S.OUAtt.IS SOLUTION ..... 0 0 0 

0.000000 00 0, OOOOOD 00 0. 000000 00 ..... o. 100000 .. o. 10000D .. 0. 100000 31 

UU• •O. 100000 31 -o. 100000 31 •O. 100000 .. 
DIUOI 0. 100000-01 0. 100000•0'7 0. 100000•0'7 

•• . 

M2 IDLUIHITY 
1wn1 

O. :111401D•01 
0.314010•01 
0.354011)•01 
0.35•010•01 
0. 214010-01 
o. 314010•01 
o.•IS72D·OI 
0. 41ST2D ·O t 
0.411'720•01 
0.41S'72D·01 
o.•15120•01 
O .CllT2D•01 
0. ll'JJIO•C>l 
0 .137310•01 
o. 1Ji3,o--o 1 
0.1.27310•01 
O. IJ731D•01 

IP'' DIP'P' 
(SO CM/SIC) 

0.4llOID·OI 
0.411010•01 
O. 4S&OIO•OI 
0.451010•01 
0.4SIOIO•OS 
O. 4110&0•01 
0. 4SIOID •OI 
0.411010•0' 
0 CSIOIO•OI 
0. 451010. 01 
0. •11•010 •01 
o .. UIOIO•OI 
0. 451080•0& 
0. &11010•01 
0.&11080•01 
O. &l&OID•OI 
0. 4110&0·01 

.,, 'ACTOI: 

O. 11 U7D 00 
o. 91:22JO 00 
0. 112100 00 
0 192150 00 
o. 112s:;ro 00 
o. 112120 00 
0 .111120 00 
0. •••• 10 00 
0 tt02'TO 00 
O.lt0C'70 00 
O.llOS1D 00 
0. 190110 00 
0. 111130 00 
0.111110 00 
O. tllllD 00 
0. 111110 00 
o .11111 D 00 

,.,,. . 17 1.PDM& . 300 LPDM8 • 20 llTAAC • 0 MITHD 1 

ltDID' I NP'l.AT • N'MA• . 1000 NAJIT I 10 MllSUI • 21 
Cl?T • e.'707110 oo lllLDP' • 0.100000•0'7 

""I IT.HI SUM DI" SOUARISJ • O.ICalOOllD 01 

'OSI l&L Y OANGl!llO·US VALUE 0' COi'' I CJIUn'. , os.av ( 2, 2 J • o. ooo·ooooD oo 
A&•K•lll'ICllNT NllMAL l!OUAflONS IN M&•O. •&MK • oao11: D• MATIUll • ·.J 

CO•WlllGlllCI &CNUYID UNO~ll THI NP'LAT D"TIDN. 

ta JTl-A&TIDNS ., . 10 ""I • 0.211113110•02 l"MGN • 0. 100000 01 

•DllM 0' IC&LID CJIAOllNT Wl:CTOR • O. 11011-D•Ot 

I • 0.:1111217:1D 01 0.11TllOID 01 O. Utl140D 01 

Y( .JI P"JTC.at YfJ)•,ITf.JJ YSll:(.JJ 

0.2213TiooE 01 0. 22111:1010 01 0. 222120•02 0. '0000·0 01 o. 13221110£ 01 0. I 31 C2'71C0 01 0.12C310•02 0. 100000 01 O. I 1"14HOE 01 0. , 14421170 01 0. • 11010 •02 0. 100000 01 0. 10111400[ 01 o. 11011'7310 01 -o. 111110~0-1 o. 100000 01 0. 10722110£ 01 0. 10•112•10 01 0 .231310•01 o. 100000 01 o, 101121-'0.E 01 .. 101301140 0 I •O. 27•210•01 0. 100000 01 o. 2~1•1000E 01 0.2'71'7227lC 01 -o .2a::noo·o2 0. 10000.0 01 0. U312200IE 01 0 14 2711100 o• 0 J&:n 10·02 0 100000 01 0.1 ttl&1SO!. 01 o.111121s10 01 0. 111110•02 0. 100000 01 10 0.11212200!. 01 0.11219.JSIO 01 -o '?11310•03 0. 100000 01 11 o. 10125210( OI 0. 101120240 01 0 C41t40•02 0 100000 01 12 o. to1221101 01 0 f01121710 01 .. 0. tl1Sl0"01 o. 100000 01 u 0.11214170£ 0. 113010010 01 ·o.2•1:110-01 0. t 00000 01 .. o.121•21ioE 0 I 0. 124211710 OI •0.7131010•02 0. 100000 01 .. 0.1151CTIOE 01 0 I 1'ill4i100 01 0' 113510•02 0 1 00000 01 11 0.1f1 f.12001! 0' 0. 1 to•o1010 01 0. '72::1110-02 0. 100000 01 ,, 0. 10114.:JJO! 01 o. 101141100 01 •O. 102120•02 0. 100000 01 

JIUM•la ., DIGl:llS ., rlllll'DOM 0. 1COOOD 02 

... CDNC • l'IN. CONC. 
(WT~) IWT~J 

0, 24JOOD 01 0. 310000 00 
0 .-21:1000 01 0 '31000 01 
0.243000 01 0. 113000 01 
0 2•3000 01 0. 202000 01 
0. 243000 01 0.211000 01 
O. 24300.0 01 0.21100:0 01 
o.2c::1000 OI 0 1 IOOOD 00 
0. 243000 01 0.113000 01 
0 .:Z4:JOOO 01 0. 1 CIOOO 0 1 
o. 24 :SOOD 01 0.111000 01 
o. 2& 3-00D 01 o. Z0300D 01 
0. :U3000 01 0.211000 01 
0 .2•1000 0 1ioooo 00 
o.2•1000 01 0. IS100C 01 
0. 243000 01 0 I I 2000 01 
0.243000 o• 0 111000 
0. 243000 01 o. 20IOOD 01 

KALC .. 1 0 

I.AMID• I 0.100000 01 

tTERAf10N 

l"TE•&flDff 

LANIOA -• 0. 10tOl·D•OJ 

(Y•,ZTJ/YSIC 

0. 22312D•02 
0 . 124310•02 
0 411010•02 

•O 11i330-o 1 
0 231370•01 

-o. 2,.l 2SO •Cn 
-o. 242700•02 

0 .313410•02 
0 . 1$1110•02 

-o 71 lllCl-03 
0 . ••1••0·02 

•O 111110•0 I 
·0.2C1:JI0•02 
•0.'71)010•02 
0. 11:1110-02 
0. '7231'?0•02 

•0.102120•02 
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".M.S, IC:AL!D D!VU.TIOfill OF O&TA ,!It.GM ,IT '0.122140·01 

MAXIMUM IC&LID DIUATIDN .- 0.21121D•01 

SUIRDUT lNf MOIRlll. 

OS&'t' IPT•P. ICALID. WKUll! P IS TN& JACDllANI .... 

0.10000000 01 

•0.11111110 00 0.1000~000 01 

•O.tlllJOID 00 0.1111••1D 00 O. 10000000 01 

NUMllR DP DICRl!S D, rl.llDOM fN.D.P. J • CNPTS•NACTYJ • 14 

IXPIC11D YI.LUI 0' P'"l 1 N.D., Pl.US OR MINUS SOllT(2•N.D.fl'.I • 

ACTUAi. YALUI DP PMI 1 0.211110•02 

IESCAL.HIG P'ACTGa • SOIT(PKIOl.D.P.l 1 o.12214D•01 

MAXIMUM YA.ltl.t.NCI IH,LATIDH P'ACTDll • O.••StlD 02 

AP,.IDX IMA.TI STA.NDAl.D lllQRS •... 

MASKI JI ., J.I 

• 
0 

LDWIR TtllAIUH.E o• THE C:OIH.IL.AT lON MAT"-JX •.. 

• .... 
MASK(lt).,,. • • 
MAIKC.JJ 

• 0.100000 01 

0 O.IZISID 00 o. 100000 01 

1••0• 
O. l4.00ID 01 

0. 241310 02 

o.·112110 oo 

0.43&010 00 ·O. 111&1D 00 O. tOOOOD •• 

IMTltlNllC MODEL P&-llAMITlllll 

rITTID ay y • (1/lC)L.Nl1/f1•Xl1 

1(1} • K.IKN)(ftR/KP) • ·o.2·112D ·01 

1121 • KN t O.&l'f1D 01 1/WT1. 

l(JJ • tclll:/KP • 0.13170 01 

I • e.3,~ID 00 WT'°'/MI 

MIA• DIYIATJDN • o.02as' 

AWlllAGI Pllll.C·INT IRlll:DR a I .IOZtl 

ITATt:MllfTS IKICUTl!O• 

l4 ~LUI DR MllfUS 0.12•1SO 01 

RISCALID 
II.ROA 

0.411010•01 

o.JOl37D 00 

o. i u:no-01 

CORI UIAll aaJ&CT CODI:• 11111 IYTIS,Alt.ltA'f ARIA• 11151 IYT!S, TOTAL All·llA AYAILAILI:• 1,40&0 l'fl'T·IS 

DIACNDSTJCS lfUMl·llll Dr llUlDIS• 0 • lilUMllR Q, WAllf I NGS t O. NUNllA DP' !ICTINllOlfl• .. 
COMPILE TIM!• 0.41 SIC.IUCEC:UTID" TIMI• o.41 s·1c, 11.4:1.21 SUNDA·Y 24 .JUL 1i WATP'JY • NAiii: ttlO V2LO 

CSSTDP 
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THIS P•OGAAM '11S All INTRINSIC ltlNITIC •ATI MODIL. TD A 111 DF llPll.JMl•TAL. DIT MDI DATA. 

WT~ IS THI WllGMT l'lltCfNT OJll!NZOTHIDl'HIN! Jfll THI IULlt 'LUID. 

CATALYST PRD~l!RTUS ARE : 

PARTlCLI OIAMl!TEll: 1 0.21 (MMI 
AVl!ll:At! itOIU DIAM!Tl!R ' 21.0 IANG:STRDMSI 
YDlO ,ll:ACTJD" • 0.500 
TOttTUDSlTY 'ACTOR I 2.10 

••• TIMI' l'l.ISS LMSY 
(F) lPSJ) I 1 /HR l 

I 11' .o 210.0 l.00 

• ,,., .o 210.0 1.00 

• 11'7. 0 210. 0 •. oo 
• 11'?.0 210. 0 12 .00 

• 11'7 .o 210,0 11.00 

• 11'7 .o JIO.O l .00 , 11'7. 0 110 .o 1.00 

• 11'1. 0 llO .o I .oo 
• &11.0 JIO. o 12 .oo 

10 11'1. 0 310. 0 11.00 

" 111.0 410. 0 :s.oo .. 111. 0 &10. 0 I .00 .. lt1.0 &so .o 1.00 .. 111. 0 410. 0 12. 00 .. 11'7 .o 410.0 ti .oo 

......... 
MASIC 

llGIN NONI.I NIAi. LIAST SOUAl.l!S SOL.UT I DN 

0 0 

0.000000 00 0.000000 00 0.000000 00 

0. 100000 .. 0.100000 •• o. 100000 .. 
-0.100000 .. ...o. 100000 31 •O. 100000 .. ...... 

HU• 

llLMN 0.100000•07 0.100000 .. 01 0. 100000•0'7 ... NPTS • .. LPDMA • •oo 

KIADF 1 1 NPL.IT 1 1 WPMAI a 1000 

CRJT I 0.,01110 00 I.IL.DP I 0. 100000•01 

PlfJ ITMI SUM 0' SOUAAISI • 0.12131'7SZO 01 

•• SDLUllLITV ••• 01'F 
twn.1 110 CM/SIC l 

0. lll 110•01 0 .111140•01 
0. Jiil UD•O t 0.111'740•01 
0.315110•0l O.llS74D•OI 
o.:US1SD·01 0.511140·01 
0.311150•01 O.Stl74D•OI 
0.111210•01 O.S1S1C.0•01 
0.511210•01 0.511'740•01 
0.111210•01 0.5151•0·01 
0.111210•01 0.515740•01 
0.111210•01 0,511'740•01 
0. 1172'70•01 0.111'740•01 
0. 11'7270·01 0.511740•01 
0.1$'7270•01 0.11$140•01 
0 .111'7270·01 0.1111740•0& 
O. 11121D•01 O. I U140•01 

LPDMI 1 20 NT•AC I 0 

MAllT • 10 MXIUI 

Rl!LMN • O, 100000•01 

. .. FACTOR 

0. 11•110 00 
0. 111100 00 
0. 1112'70 00 
O .11121CI 00 
0. lllllD 00 
0 1'71210 00 
O. I 11 04D 00 
0.111100 
o. 112010 00 
o. 11231 D 00 
0. t7&14C 00 
0.111110 00 
O. t'7712D 00 
0. 111100 00 
0.171410 00 

MITMD • 

•• 

PDSlllLY DANGll.DUI YALUI DI' CGIP'l'ICJINT ••.. OS&Y( 2 • 2 J • 6. 00000000 00 

l&H:•OIFICUNT NOllMAL eouATIONS JN MARO. RANK OADll. a' MATlll I • 

CO•WlltG!'D WHIN TMI STll' llCAMI SMALL . 

11 IT!•AT!DNS •• • ,Ml• 0.171111140 .. 02 l"MEilll I 0.100000 Ot 

N09l:M •• SC&LID Gl.AOll!NT VICTOR . 0.2tltSD•OI 

• . 0.,011IOJD 01 o.1•112110 01 0. 11JS 11•D 01 

Y(.J) '"I .Jl 1'f .JI •FIT t..11 1'1 IGI .JI 

I o. 1'7114220E 01 o., 1021'71lD 01 •O. 114140•01 0. 100000 01 

• 0. tl311120t 0 I o.1:31:11a110 01 0 ,., 100•02 0. 100000 01 

• 0.120144701! 01 0. 121711410 01 •O .'r'71&3D•02 0. 100000 01 

• 0. 11141010[ o. 114031'730 01 0. 141250•01 0 100000 01 

• o. 111110401! 01 o. 11271.1010 01 •O TS1120•02 0. 100000 01 

• 0. 2111 lllOE. 01 0 .2132111&0 01 0. 211210 •01 0 1 00000 01 , O. 14CSlltOI! 01 0. 141441770 01 0 107410•02 0. 100000 01 

• 0. I 21142IOE 01 0. 121072110 o.7CllSD·02 0 100000 01 

• 0. 12010140[ 01 0. 121201110 01 •O .101200•02 0 100000 01 

10 0. 1 UOlt 20E 0.111112240 01 •O. 111010•02 0. '00000 01 

" 0.24111770( 01 o. 2•&17'7230 01 •O. 111110•01 0. 100000 01 .. 0. U123t3oE 01 0 111 .. 141'70 01 0.'7'74710•02 0. 100000 01 .. 0.13112110£ 01 0. 111'7427'?0 01 o. 11S 110·02 0. 100000 01 .. 0.12111130( 01 0. 121111310 01 0. 1 tlSJO•Ol 0 100000 01 .. 0. 111122101 01 0.120110110 01 •O. 117110•02 0. 100000 01 

•UMlll. o• DIGRllS •• ,.llDOM . 0. 120000 02 

l..M.S. ICALID Dl!VIATIDN ., DA1A 'lltOM , IT . O. ,211JD•01 

.. CONC. 'IN. CDNC. 
IWT'\I lWT':.I 

0.241000 01 o. 110000 00 
0. 24 3000 01 0 132000 
0 . 2&3000 01 o. 114000 01 
0. 2&3000 0 I 11000 01 
0 243000 0 I I 3000 01 
0.243000 0 400000 00 

. 243000 0 10'?000 01 

. 243000 0 t 43000 01 
0.243000 01 0 111000 01 
0 2&300C 01 0 t'tlOOD 01 
0. 243000 01 0. 2'7000D 00 
0. 243000 01 0 . 110000 00 
0. 2•3000 01 0. 121000 01 
0.243000 01 0 111000 01 
0.243000 01 0 117000 01 

I.AMID& I 0. 100000 0, 

1TEAATJON 

ITllltATION 

LAM•OA 1 0.11'7120•01 

IY•l'IT}/1'SIC 

•O 1J4140•01 
0 111100-02 

•O. 111130•02 
0 1&1210•01 

•O '?1'?120-02 
0.2'7'12TD•01 
0 10'7•10•02 
0 7111SO·Ol 

•O 101200•02 
·O II 1030•02 
•O 1 lltS0•01 

774710•02 
111110•02 
1 I ISlO •03 

•O. 111110 •02 
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MAXIMUM SCALIO DIW UTION • 0, 2112lD•O' 

IUltl:OUTJNI MOIA•. 

••aw IPl•P. SCALID, WHlAI , IS THI JACDIJANJ •.. 

o. 10000000 01 

•0 •• 141lflD 00 O. 10000000 01 

•0.1110a01D 00 O.ll~H2&4D 00 0. tOOOOOOD Ot 

NUMll.A 0' DIGA·lll 0" Flltll!GDM (ILO.,.I 1 {N,.TS•N&CTYJ t 12 

llPICTID W&LUI OF l'Nl 1 N.D .... PLUS Ott MINUS SORTU•JLD.P'.) I 

Ai'TUAL VALUI DP' PHI • 0.1'Ttt2D•02 

llSC&LING l'ACTOA • IOllTll'Hl/K.D.F.I • 0.121130·01 

MAllMUM Y&lltl&NCf. JNPLATJDN P&CTD• 1 0.114100 02 

&P,.ADXIHATI. ST&NDAIUI IRIUJllS. 

MASKI_,) 

0 

0 

• 

., ... , 
o. ,01110210 01 

0.&4112,l'PD Ot 

o. U·:SIU210 01 

LOWEil TAJAHCLI D' THI CDtllRILATION M&Tltll •• ,. 

lit •••• 

Ma.U:etc.J ... 

MAlkl"'I 

0 

O.tOOOIDO 01 

o o.a21aoD oo o.10000D 01 

0 

I.AIDA 

o.11uaa 01 

0. 111'7JD 02 

O O • .,t41'7D 00 0.1210'1D OD 0. tOOOOD Ot 

tNTJl-INSJC MDDIL PAtt.AMITllllS 

PtTTtD IY T • (1/XJl.N(t/O•XJJ 

xt11 • r.tKMJIKA/KP) • o.101•D 01 

1(21 I ltH I O.liltlD 01 1 /WT'I. 

1121 • ttJt/IC.P • o.ts_JID 01 

ll • 0. 11 ttD 00 WT':./HR 

MIAJI OIYIATION • O.OUIO 

AYERAGI PIACINT IA·AOR I 1. :nt2z 

9TATIMEN1S !IECUT-CD• 2131-1 

12 'LUI Oil MINUS O.•l•IOD 01 

RISCALED 
I Ra DR 

0.102'UD 00, 

0. 221t:SO oo 

•. 171110•01 
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COAi UIAC:I 01.JICT CODI• 11111 ITTIS,&Rtt.AY &al&• ••••• ••1•1.10T&L &RIA,A'f&ILAtLI• n•oao IVTIS 

DIA&•OITICS 

CeMPlLI TIMI• 

CSITO!t 

NUMlll Q·F llRDlllS- • 

O.•I llC,ISICUTION TU41• 

0, •UMIEll DP' WAltJllNGI• 

O.JS SIC, 1'.J0.22 

0, NUMll'Jt OP l'XT·l·Nl I DNS • .. 
l:UND&V 21 "'UL 13 W&TPt'f ~ MAil 1110 Y2LO 



1HU •"ADCAAM 'I'll AN lllfTRJN.SJC KIJH:TlC ~ATI MGDl!L TO & SIT OP lKPlllJMllfTAL DIT HDS DATA. 

WT1. IS THt WlfGHT l'l!'ltCINT D111HtOTHIOPHINI 111 THI! IULK 'LUID. 

CATALYST 'RDfl!JtTUS .I.I.I : 

PARTICLE Dl ... llTl!R i 0.21 fMM) 
AY£11l.AGE ,.Olt!. Dt&Ml!TUl t 21.0 tANCSTllOMS) 
YOJC 'It.ACTION • 0.100 
TOJtTUOSITY 'ACTOlll • 2.iO 

RUN ..... ,•rss L.HSY 
l •I I••-• I [ 1/HR I 

I 112 .o 2-10 .o I. 00 

• 112. 0 210.0 I .00 
3 112. 0 210. 0 12.00 

• ll'Z .o 210. 0 11.00 
I 112 .o 310. 0 •. oo 
I llZ. O 310 .o •. 00 

' 512 .o lSC, o 12 .00 

• 112 .o :110 .0 11.00 
I 112. 0 410.o I. 00 

10 112 .o •IO.O I. 00 
11 112 .0 450.0 , 2. 00 .. 112. 0 410.0 1s.oo 

M.AltO.... ltGtN NONLJNe&ll LIAST SOUAfllS SDL.UTIDN 

NAiil 0 

0. 000000 00 0, 000000 00 0 • OOCOOD 00 

XfllAI o. fOOOOD 31 0 100000 31 0.100000 31 

IMJM •0.100000 3t •0.100000 31 "0.100000 31 

O&LNll o.t00000•07 o. 10000D•01 o. tooooD-o'T 

MPTS 111 12 L.PDMA • 300 

., SOLUIJLJT't .,, O!P'P 
IWTt,J 110 CM/SlC J 

0,3&3100•01 0 132,1D•OI 
0.3&3100•01 0. l:J3'77D•OI 
O.J&3tOD .. 01 0. 133'T1D•O'I 
0. 3&3100-01 0. 133710•01 
O.llt.3•0"01 0.1331'1'0•01 
0,13135D•01 0. 133'T'1'D•OI 
O. llllSD .. 01 0. l:Sl'T'1'0"01 
0.131l50•C1 0. 533'7'0 •01 
o.1a1s1c-01 0. 133770 •0' 
o.1a1s10·01 0.133.,'TO•OI 
0.111110-01 O .1331'70•01 
o. 111110•01 0.IJ:S'T,D•OI 

L.PDMI • 20 Nta&c • o 

.,, P'ACTOJt 

o. 174lol!D 00 
0.1'77210 00 
0. 171'2'10 00 
0. 17113D 00 
0.113420 00 
o.tl'Tl.OO 00 
0. 111330 00 
0. l'TOlaD 00 
o. t12oao 00 
0.151170 00 
O.flOTICI 00 
o.1121io 00 

MITMD • 

eceaD• • 1 Nfl'MAI • 1000 MAX IT • IO MXIUI • 21 

can • o.70,110 oo •IL.DP I o. tOOOOD•O, lltCLMN t O. 10000D·O'J 

Piii I TNI IUM or souaa11 J • 0. •••••Ol3D 01 

PDSIJIL' D&NGlltDUI 'fl.LUI OP' COE,1'1CllNT •••. OS&Yt 1. 21 • 0.00000000 00 

AANlt•O .. 'ICIENT NDltMAL. IOUA-TIONS IM Maao. o•DIR or MATRIX • 

co·•Yl•GID WHIN THI ITIP llCAMI SM•'-'-· 

11 JT..eRATIOlfS ·~ . .. PMI 1 o. I0043114D•O:t PlllGN • 0. 100000 01 

•DAM OP' SCALID GllADIRNT Vl"CTDR • 0.1.00,70•10 

x • o.1aao:u.,a oi o.21011Jao 01 0.21:>•••20 01 

,, .. , PITI .II YI.II .. ,ITC.II YllGI J J 

o. u2·2co1or 01 0. 112139040 01 o. 101070 .. 02 0. 100000 01 

0. ,,., •• 1~01 01 o. u1ia1s10 01 •O. ,,12SD•02 0. 100000 01 

o. n1a1 ttor 01 O. U U'71•00 • I o·. :nss 1 o .. cu 0. 100000 01 

• 0. 124 tlOIOE 01 0 12• U-SJID 01 0. 2441150 •O:S 0. 100000 01 

• o.2J1021'?0! 01 0.23101U•fD 01 •O. 3CISID•O!l 0. 100000 01 

I 0. 1700J&'20f 01 0.1'70&01120 01 -0.310110•02 0. 100000 01 , 0.1171,UOE 01 0. U11221JD 01 0.122110•01 0.100000 01 

I 0 . .., .... 2001 01 0.1Jl01100D 01 -o. to&tao-o:z 0. 100000 01 

I 0.211112•01 01 O.Jll2'TJD10 01 o.711azg-02 0. 100000 01 

10 o. 11111'7t01! 01 0.111111410 01 •O. 112310•01 0 100000 01 .. o. U3 U120! 01 O. 1 l:llO&tlO 01 •o.1sia10·02 0.100000 01 

12 0.14111110! 01 0. 1411111•0 01 o. lllllD•02 0.100000 01 

•u ... •• D, Dlt•IUS o~ ,.IEIOOM • o.tooooo Ot 

ft.M.I. l~A&:l'D Dl!'llATtDN 0, DATA FROM ,11 1 0.111710•02 

MAllMUflll ICALIO DIYIATION 111 0. 11231D·Ot 

, .. CDNC. .. ..... CDMC. 
{WT~) lWT1.) 

0. 212000 01 0. llOOOD 00 
o.2•:::1000 0' 0 1oaooo o1 
0.243000 01 • tJIOOO 01 
0. 743000 O. 15IOOD 01 
o. 2•3ooc 0 I 0 . 330000 00 
0 . .243000 0 I 0 '1$0000 00 
0 24 3090 0. 101000 01 
0,2l300Q 0 121000 o1 

. 2Cl000 01 • 1 70000 00 

. 24lOoCI 01 0.520000 
0. 2C3000 01 0. 130000 00 
0.2•300D 01 0.10'7000 01 

ICAL.CP 1 

L&MIDA I o. tOOOOD Ot 

tTlllt.l.TJDN 

ITUl&TION 

L.AMIOA • O. llllSD,.01 

IY•,ITJ/T$1G 

0.101010•02 
•0. 7'11210-02 

O. llSS tD-02 
O.l'CCllD•OJ 

•0.34lllD•OJ 
•0.3'JOl1D•02 

0 122110•01 
•O 1oatl0•02 

o 111•zo-02 
•0.112310•01 
•O 117110•02 

O aS1110•02 
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au••DUTINI .-ouu .. 

oaaw ,,., ••• SCAl.ID, WHl•I " II THI JACD&l·AN). 

O. tOOOOOOD 01 

•O.tlO,&:ua GO 0. 10000000 01 

•0-.lllU,ID 00 O.al.ae•21D 00 0 IOOOOOOD 01 

•UM••• or OIGRllS 0, '111.llDDM fN.D.,. J • INPTS .. NACTVI I 

ll•ICTID YALUI D' PHI 1 N.D.,. 'LUI Ollt MUIUS IOIUl2•N.D.,,) , 

ACTUAL VALUE 0, PHI 1 O. 1004-40•03 

ASSCALUfG P&CTDllt • SORTIPHJ/N.D.f'., • o.a11·110·02 

MAllMUM WAIUANCI IN,.LATION ,ACTD• 1 O. 141•1D 03 

&PPROllMA11 STANOAlll.D 1aao111.1., •. 

1111.&SKl..tl I( J) 

...... TRIANCU.I •• 
• .... 

M.t.lk(k) ..•• 

M&IK(.I) 

0 

0 

0 

0.1llOJC1tD 0.2 

0.21011:11110 01 

0.243111·20D 01 

TMI CDRRIL..ATION MATlltll . 

0 

•. 100000 .. , 
0. 120'700 00 O. tOOOOD 01 

0 

1·••0• 
0. 11tOID 02 

0. 114720 02 

0.2:111700 01 

0 0. 90101'1 00 o.IJt'tOO 00 o.tooooa 01 

IWTRINSIC MODl.·L l'&RAMITIRS 

,ITTSD IY Y 1 11/X)LNft/ft•lfJ 

llt) • K(ICMUkll/ICPI • 0.11100 02 

1(21 • KM • 0.21010 01 I/WT'& 

1(:111 .... , .. ,. • 0.24:1110 01 

IE t O. :tl•ID 01 WTS./MR 

Ml.All OaY·IAT ION 1 0. 00121 

AWRlt.t.Ga •••c·errn lllROlll I o. , •••• 

ltA11MUITS EXICUTID• 2'7111 

'LUI GR MINUS 0. 421210 01 

a1sca1.10 
lllltOR 

O.t5101D 00 

O.l:S,070 .. 01 

CIAI UIACI 

DIAClaliTICS 

Ol.tlCT CODI• 11111 aYTIS.ARRAY A9'.EA• ••111 IYT.ES,TDTAL. ARIA l.YAil.AILI• 1'•oao IYTtl 

NUMllR 0,. 1-IUtOllS 1 .. 
COM,.U,I TIMI• o. a I l&C, IKICUT t 091 TIMI 1 0.22 SIC. ,., • "' .1:11 WATFtW • MAa 1110 V2LO 

Ct I TO,. 
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APPENDIX G 

LISTING OF PARAMETER SENSITIVITY PROGRAM 

AND SAMPLE DATA FIT CALCULATION RESULTS 
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l..tOI 
c .................................................................. . 
• C PA.RAM!Tl!R SllNStTl'VITY CALCULATIONS 

• C DATA GlNERAT!D ntOM lNTlllh:SlC Dlll!NZOTHIDPHl!NE HDS MODIL 

• C ,IT TD N•TH D•D!lt CL08AL MOD!L 
c 
C DPllUTING CONDITIONS rROM llPINO 
c 
c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
c 

lMltl. ICrt ll!.&L•I {A·H, D· J:) 
INTIECi!lt %2 
RIAL •I Kit.)(, KH2, KP ,.l(Jtf:. KH2Jt!I", K 1, l't, IC08, ICNUM 
lltlAl•I KRDii:.P 
DIM!NSIOH KRXf21J,KH2121),K•Dl(P'(2'T),C2(2'7} 
fXTl!ltNAL !XFIT 
OOUILE jtlftEClSIDN X,,.TT 
COMMOM /CST!!" I X 120·1. XMAX f 201, XMIN' 20 I, Dl!L TXI 20), DEL MN (201, 

•!'Rltl 20, 21}, FOl..1.N¥, NTtl:AC,MATllX ,,.t!ASK{ 201, 
•N,.M&Jt, NI" LAT, .JVAll Y, NXT•a, K'LAC, NOft.EP, K.!JtP' L, KW 

COMMOff /JIL LS & I rL A Ma, f'NU, Rl.LD', llELMN. MET HD, KAl.CP, KOROi', 
OtAllf, LEOU, MltSUE., MXUPD 

10 COMMON /CDAT/ FJTl300l,"f·l300l.YSJGl300),JIPTS 
11 COMMDM /CSTOR/ T{2'1),,.t:n·l,ALHSYl2'1J.c112i),Tl!llM(2'7),T1!10),1"1l10) 

• .ALHSY1I10), EI I '27 J. DAii 21 J ,Dl,Fl2'1) ,S ( ;n), YlSl 21J,TfM"I10 I. 
•DI NS I 27 I , T KI 2 7 J , C2C121 I , C: Z-D f2'P 1 , DfY , Of? V 1 , DEV 2 , C,., , WT, V Jt, O JtDfR, 
•Z,CM1N,Hl ,HDAT 

12 Ol!!Xl"IARG)•DEXP{ARG) 
U C.ALI. STSl'T 

,. ,. .. 
" II .. 
20 .. 
22 
23 ,. 
25 
21 ., 
21 .. 
Jo .. 
32 
33 ,. .. 

ll 
31 
31 
!I .. 
•• 42 

•• .. .. 
•• ., 
•• .. 
•• .. 
12 
13 .. .. .. ., .. .. 
10 

" 12 
13 .. .. 
•• 17 .. .. ,. 
" ,, ,, 
" " " " 

....................... . . 
• M&lll.OUARDT YAlllAILIS • 

PL11. 
KR•S 
KW•I 
MATRX•1 
N~MAX •4000 
MAXJT•&OO 
Ml!!THO• t 
NTlll.AC•O 
NV•& 
>tMIN( 1 )•0.o 
XMIN(2J•O.O 
ICMJNf3l•O.O 
ICMAXl4,rO.ltll 
Jl (CJ •O. I 
MASlll:.(J) • 1 
xCJJro.o 

X 12) •3 .OD•04 
X(1)•1.0D•10 
Jl 1 •XI t) 
12•X(21 
X:S•Xf!l I 
X••I t 4 I 

. ......... " ........................ . 
MODEL CON'CTA.NTS ANO VAlll:Ul'Lf$ 

AH211. Tl4&0 •07 
ARDP. ~. :i 1 i•o•o7 
AIU •f.. 12'710• 13 
CP l •0 .O 
CltA:J•O .0101 
CJtZI•O.$ 
tJt 1' 2. •:1 
fH211:20t3a. '1 
ERDP••11171.a 
l!'.Rll • l140&. 1 
IOLD•O. S 
MWI 1 t 32. 205 
MWH2t2.015 
MWi-•'l•.O& 
M#R•l&&.2'J 
MW5•)2.0•4 . 

NL• I 
JH•S 
N~•S 

N"• 1 
NT I 1 
NT·~ 
N~TS•NT•N~•"Hl 

OlltDfJllO,O 
,.c•:u ., 
,.lltAO I 1o\.0 
R• 1. 1172 
s 1,.,11. 0 
$2112.24 
SI :ZJ TO. O 
TC 1111. O 
TOJt• 2. I 
TJlf' 1 S21 0 
'U,tP'L 1213 0 
VA•t12.0 
¥1• ... , . 0 
YUl:!,.11:11. &' 
VF •O. I 
Ylli I 11, 0 
Yll0.30:J 
W'l•I .0 
11 •I 

. 
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H 

" •• ., 

.. .. 
•• .. .. 
11 .. .. 
10 
II 
12 
n .. 

1• .. 
" .. .. 

100, 
101 
102 
1.03 
104 
10• 
101 
IOT 
IOI 
101 
110 

111 
112 
113 
111 

"' '" 

1,, ... 
111 
120 
121 

122 
123 
12' ... 
1U ,., 
"' 121 
130 

121 

10 

100 

110 

120 
130 

110 
uo 

c 
c 
c 
c 
c 
c 
c 
c 
c 

110 

fJ_O 

200 

210 
c 
c 
c 
c 
c 
c 
c 
c 
c 

220 
c 
c 
c 

DAT.& MAY !E CINl!'.ltATED JN TWO MAHNfll:S 
1 SUPPLY ALL ,.ll:!:OEkP'ONENTlAl AMO fll,ONUllTIAL CONSTANTS 
2 SUPP\.Y £1'.,.0NrHTIAL CONSTANTS AHO ,ll,ATTOS O' EQUJLt8RlUM 

CONSTANTS Al A SP!CJFll!O Jll.HfA.ENCE Tl!'.M,EltATUA.E 

HJlt 
KNUM• t 1 .10•1 
J,. [VA/Ya.GE:.2.51 KNUM•l.20·1 
l' tvA/'Vl.Ll.1.0I KHUM•21.20•1 

• READ_ T!'M,.E•ATUIU!S, '"-!SSUlllS, LHSVS • . ..... .. .. . ... . . . . . . . . .. . . . .. . . .. . ... . .. 
DD 110 K:• 1, NT 
l.IAD(Ka.,tOOJTllK) 
FDltMATf 'U,, 10. SI 
TllKJ•T11KJ•410 . 
CDNT I NUI 
DO 130 K•t,Nll 
Rl.&DtKA, 1'20) .. 1'KI 
f'OllMAT('?X,f'I0.5) 
CONT l'NUI' 
DD 1~D Kt1,ML 
111.l!AD I lUt, UO JAL HSY 1 I K) 
FDRMAT('7X,F10.•I 
CONT INUI 

LT• t 
LI"• 1 
LL l1 
l(.NTT •O 
l(NTI' •C 

• COMll'NI Tl!MI', 'fllSS, LHSV TO f'Olll.M DATA SET • 

DD 2 1 0 L 1 1 • NPTS 
KNTT•KHTT+I 
KNTl'•KNTl'•t 
T(LllTl(LTJ 
PCLJ•"fLP) 
AUIS Y t L J 1 AL HS V 1 ( LL ) 
., IKNTT.Nl!'.Nl"•NLJ CD TO no 
KNTT 10 
LT•LT+1 
1' (LP, Nt:. NI'·] CD TD 110 
I• CKNTP.f:O.NL) l.'•0 

I' (kNTP.Nf:.Nl.I GD TO 200 
KNTP•O 
LP•Ll'• 1 
IF lLL.l!O.NLI LL•O 
LL•LL•t 
CDNTJNUf 

S1All1 t'OUlLllJl.JUM- CONSTANT CALCULATIONS • 

PJt!•EXltONeNTlAL CONSTANTS 
A•X'"llt-EAC:TIDN 

• AH2•HYDR0GE:N 
AP .. PRODUCT 
A• .. IEACT ANT 

• EOUU.tllUUM CDNSTANTS 

• K•X•lltEA.CTIDN 
• KH2•HYDROG£N AQSOlltltTJDN 
• tel" •PROOUCi ADSOU'Tl ON 
• KJt •llt!ACTANT ADSDltl'TlQN 

DD 220 L• 1, NPTS 
TKCL)if(L)/'1.1 
S(L )•D!J!:P( •$1 /fl([ L) •$2.)0•( L) •TOO. 
TtltTKll.}/TC 
01I.:1:1111:11•.3)153•TA:• 1 .111• t• ITJU•21 •2 .02112• ( T9t••3J•t. 11422• ( Tiit••• 

•I 
D2t.:Zt101 • . OtO&S •TR• . 04142• Tl• Tiit 
TR:•Tlll!l-f'L/TC 
D:J•. 3:11513 •. J3113• TA:• 1 S 1I&1 •I ,.It•• 2) • 2. 025'12• I Tl:••3 )•t. t t •22• (Tit••& 

'I 
04• .2•10'7• OIO&S•TJI:• O•l42•Tlt•Tll 
DI. D'. I 1 . •VO 0 ;! I ID 3 / ( t . ~w• o• ) 
DfNS 1 L I •MINI/ DS /Vllll!ll 
KH21Ll•AH2•DfWP(EH:Z/R/!K[Ll) 
KJl:I t L) •AA.X• OE.l"I' t •£JU /lt/TK{ LI I 
1011.Dtc;,. IL I •A•Oft•D!Ji:Jt I !JltOJt/ll/Tk IL J) 

• CALCULATE: OUTL!,. CONC!HTllATIDN CR:•,CPHClllJ 

CCt·t•ESTIM&TED VALU!S IO<CG<CR1) 
• C,.t·4•C.t.LCULA'!'f!D YALU!S Cll'•,.CNICGI 

• cc IS AOJUSTl!O av D!CJt!ASlfiC lNCll!Ml!'NTS Uh!TIL THE 
• INCllfM£hlT IS !,.l!SS 'fHAM o.oon. D' THI YALUI! OF' cc 

i•o 
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132 
131 
11• 
111 
Ill 
1>1 
Ill 
131 
140 
141 
1'2 

,., ... 
1'1 

"' 141 
ICI 
1'1 

110 
111 
112 
1Sl ... 
ISi 
Ill 
111 ... ... 
110 

"' 112 

11> ... 
111 
111 
111 
Ill 
Ill 
110 

111 

112 
111 ,,. 
111 
111 
111 
111 

111 
110 
111 
112 

113 ... ... 
Ill 
111 ... 
111 
110 

'" 112 
111 
114 
111 
111 
111 
Ill 
111 
100 
201 

202 
203 
204 

201 
201 

230 

231 

2ll 

2•0 ... 
... 
240 
210 

• • t 
t 
t 
t 

• 
t 

211 ... 
210 

215 

211 
212 

210 

211 

217 

211 

210 

231 

211 

210 

211 .. 
t 

• • • t 

• • 

l • L •I 
CSTORE•O.O 
E •I. O 
MAX• 100 
MAXE•SO 
KOWHT•C 
KDWNTiKDWNT+1 
CCl•C:IH 
DEL•Cll1/10. 
IF (KOWNT.G!.MAXEJ co TO 2as 
C:I' t 1CA.I+ I Cl'"HClll) •CLOG (CR l /CC 11/IK•Dk,(L1•£• 1.) •WT•SI L J•E• 100. • 

•KIU. [ L )u;H2l L lu:.ROK,.t L J/ALHSV IL I/VII/DENS( l I/( 1 .U:H21L)•SIL1 J/ 
•!KaOKl'"(L)•l·t.J 

KOUNT•O 
KOUNT 1KOUNT+ I 
CC2tCC1 •O!L 
If' (CC2.C?:.D.&9S1DU.)) GO TO 24S 
OEL•D!L1'0. 
CO TD 242 
Cl"2 rClll + IC,.l+Cl'-1 J•DLOC(C•t /CC.2 )/(KftDK,l l )•!• 1. i •WT•S( L )•!• 100. • 

•Kit XI l l u: H 2 I L ) • KROKI" I L I/ AL HS VI L I / 'tllt I 0 ENS ( L ) /I I + KH2 I l I• SI L l 1 / 
•(KltOKl'"ILl•!•l. I 

H I IC.DUNT CE. MAX) CD TO 21!5 
If' (CF2.LE.Clt.1.ANO.C,2.l:Of.O 0) GD TO 211 
JP'IDABS(CC2·Cl"2).LT.OAISICGl•Cl"11) CiO 10 211 
DELPOl!:l/10. 
Ct 1 • CC2 
Cf' 1 •CF2 
GO 10 240 
Dl!:l •DEL/ ~O. 
CCJ,::02·0EL 
CG• 1 CG2+0EL 
IF ICC3.L£.O.OJ CC3•0.000001 
IF ICG•.Ll~.0.0} CC4>,o.000001 
CF' 3 1 C ll 1 + ( CP 1+CR1 ) • 0 LOCI C Ill 1 I Cti 3 ) / I K 9l:OKP ( L I• I:• 1 . ) •WT• S ( L ) • ! • 1 00. • 

• KR.JI'. I L I • KH2 I L J. tOlOKP I I. l /Al HS., l L l / y ll/ oe NS I l ) / I ' . + KH 2 ( t. J .. $ I l I I/ 
•(Kllt0Kl'"ll)•!·1.l ,,. 'I CR 1 +I CP, ·c~ 1 I • 0 L oc t Cllt 1 I cc• I/ I KR OKI' t L l • E .. I • I •WT•S I L I.e. 1 00 .• 
• KlltX ( L l • KH 2 ( L ) • KlltD KP l l I I Al HS v { L JI V It/ DENS I L I/ I 1 . +K Hl I L I• SI L I I/ 
• ( KlltDKP IL I•!> 1 . l 
I' (0A8SICG2•C11'3l.LT.DAISICC2·CFA)J GO TO 2'71 
Dl!LPDEL 
CC 1 •CC2 
CC7tCI01 •Dl.L 
u· ICC2.·t.l..O.OI CC2•0.000001 
KDUNT•KCUNT+1 
CF 1 r Cit 1 + t C P 1+CR1 J • D l OC I Cit 1/CC1 l /I K ltDKP ( l I• E • 1 . ) •WT• S ( L ) • E • 1 00 • • 

e Klt.X ( L J s KH2 ( l ) • KROKP ( l ) I AL HSY I L l /Va I DIEN S ( L J /l 1 , +KH 2 ( L ) • S ( t. I I/ 
•I KRDKfll t l J •IE· 1 . I 

C f'2' CR 1+IcI'"1 +CR t J • O l OG I CR 1 /CC2 l / 1 K91:DK~ ( L I• E .. 1 . I •WT• S ( L I•!• I 00 . • 
•KA XI L ) • KH 21 L I• KRD KP I L ) /lot.HS.VI l ) / V It. /DIN'S ( l J / ( t . + KH2 ( L) •S I t. ) ) / 
•(KltD'KJl'(L )•f-1.) 

II' IKOUHT.GE.MAXI CD TO 215 
IF llCQt•CP'1)•(CC2~CP':Zl.LT.O.O) CiD TD 210 
GO TC 2'70 
D!L••DEL/10. 
IF' IDAISfOIEL/CC2}.LT.0.1D•Oll CD TD 211 l, IDABSIDEL).L!..O. !·0•15) CD TC 21S 
GO TD 2'70 

• CALCULATE EFFECTJYIENESS ,ACTD• • 

TltrTKl l I/TC 
1F' {Tfl.L'T.0.11) GO TO 211 
WltlT!(ICW,2171,.lt. 
FORMATl/////IOX,'THf REDUCED T!MPEll:.&.TUllt! t',Fl.l,3X,'IS A80¥l! THI. 

•ACCE,TAILIE MAXIMUM IN TH! "VISCOSITY CALCULATION. './///I 
O•TC••t1./I l/MWB••O.S/PC••{2 /3.1 
VOi 10.01517A• .02135•TA:+. 0075•Tll:•TR 
'102• .OA2552• 0767.t.•TR• .O:l40•TR•Tll: 
VIS( L) 1 (V01+W•V02 }/O 
Kt•(l.+(3 •Vl/YA}••(2./l.)l•KNUM 
DAlfL)•Kl•TK(Ll/VISILl/VA .. 11 /l.) 
D!.l'F{L)•YF•O.O.tllt.)/TCR•{T •SIZ/PftA0)••4, 
KOlrOLDCICJlt 1 /CC2) •ALHSVI L) 
H•ClltAO•IK08/0El'Jl'(LJ/3500. l .. o.s 
IE 1t l I • 3 . / 1'1 / H • ( H • ( { D!: X P ( H I + 0 EX I' f • H I )! ID t X" I HI • Ol'X ~ ( • H l ) ) • 1 . I 
JP IDABS(e.~e:TIL])/E11Ll.LT.0.0000021 GD TD 290 
11' IDASS(E'D1.D•l.l{LJl/!1'Ll.LT 0.000002) GO TO 210 
CSTOllt!iCG2 
EOLD•E 
E•f11L) 
GD TD 23S 
IF IKOWNT.LT.MAkl!) GO TD 2SS 
WRIT[ f flCW, 231 IMAXf. t. 
FDllt.MAT(//5X.'THI! MAJ.JMUM NUMIEll OP'',15,211,'ITEllATIONS HAS l!!N', 

•' llfACHED IN THE EF·Jl'f:CTIYIENESS l'ACTOll CALCULATION l'Olt. !'"DINT", Ill 
II' [KDUNT.LT.M.O.ICJ CD TC 2!11 
Wllt1T! (KW, 250 )MAX. L 
P'OtlMATl//SX."THf ""IAICIMUM NUMBER Ofl",15,2X,'ITl!lll:ATJOHS HAS l!!N', 

•• lltEACHEO IN THE OUTLET CO·NC CALCULATJDN LDD" fl'OR "OlNT',lll 
C2 IL l &C:;'2 
JF [L.LT Nl'TSJ CiO TO 230 

20'7 WRtTf(KW.JIO) 
101 :110 'Da.MAT( IH1 //SIC ,'TH[!: li'ROGlll:A"' CEN!ll:ATl!S A SET 0' OUTLET llt!ACT 

•ANT COfliCffOTllATtON:ii ClVfN Tl!MPERATUlllf. •ll:ESSURE. ,//Sll,'LMSY, ANO I 
•NLIE1' IH'ACTANT CQNCl!liTJtLTJC:NS CIVl!N AJ,j INTECr;ATE'O A.ATE !OUATJDN ANO 
• ITS aATI: CONSTANTS './/'5'1, · ?T THEN J'JTS AH ,,,.,.,_. CJtD!J. IHOIAL MOO 
•El EOUATlOH TO THlS SET O' ,_.Yli'OTHE~ICALLY CENfltAT!D OAT.C. •] 

201 1' IHI EO 11 GO TO 313 
210 301 WltJTffKW,3111 
211 311 fORM.llTl//////!Sll. 'l'Olt THIS CAS! "///5X, •1te:AC1'JON A 

•CTU'&TlON !N!RCY •' .J'' :2, 1X.'ICCA!./IOMOL£',/Slf, ·~~'CltOG!N Hf.AT OF' AO 
•SORll'TJON •',l"S.2,11.,'kCAL/CMOLf',/SX '"lll:ODUCT 1-lfA'!' OF' AOSOIO'TIOH 
••' ,,l.2,tX,'KCAL/IOMDLE',/511., 'lt.!ACTANT HEAT OF' ""05011:"TION r',F'IS.2, 
•tlt:,'KCAL/GMOLl!',//SX,"ADSORPTION.RATE CONSTANT RATIO k•H2 {\/MDL 
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•!':. H:itl K .. ,.JlODUCT (•/MOLE';;. H2SJ 1 :•,1S.1,/l1X,'K•H2 11/"101.!'l. 
• H21 K•R!ACTANT 11/MOL!!~ oef) 1 :', irg 1,/SX,'l"OR A JlE"EJl!NCE 
•VALUE FDR K•H2' ',11'09.J,1X,'1/'SI AT l'SK ',//&X.'WT"'.. IS THI! W 
•!ICHT P'EAC!NT DUIEN?OTHICP'HENE IN Tt'f BULK £LU10.',I////) 

212 113 WR1TE{KW.:J12)!AI(/ 1000 ,EH2/ 1000 ,fJlDP'/1000 
213 1'2 FDJtMATl/////fiX, 'f'OR T11JS Cal.Sf '. ', //511,'REACTJON ACTIVATION l!Nl!JlCY 

••',!12 S,lX,'KCAL/CMOLf',/SK,'l"rVQROCEN HEAT 01" AOS01tPT1QN •',£12 5 
•,3X,'KCAL/CMOL!!' ,/Sk,'REACTANT•PJtOOUC:T HE~T QJ' AL!SORPTIOlll Oll'l'l!Jtf'N 
•Cl! •',IE12.i,///5X, 'WT'... IS THE Wl!:ICHT .. l!RCl!IH Dll!l!N2DTHJOP'H!.NE Ull T 
•HI! BULK rLUlD ',///) 

2U 314 WRl'T£fl(W,:J"j,)ClAD•20 .... RAD~2. ,Vf",TOll 
211 J1C P'OJl.M.C.Tl///SX,'CATALYST PACP'EATl!S AIU :',//IX, 'l'AlltTICLI! DJ.&Ml!T!R 

211 . " 320 

211 
211 330 
220 .,, 
222 

.,, 300 
22' 310 

••• 
221 
22' 
221 
221 coo 
230 400 
231 
232 
233 
234 
235 •o• 
23' 
23' 
231 •OI 
231 
uo 000 
2'1 
242 010 ... ... 120 

2•• 

••• 

•',1S.2,11C,'IMM)'./SX,'AVERACf POlltE DIAMl!tf:R. c'.'i 1,IX,'IAllfCSTlltOMS 
•)",/l.C,'YOID ,JtACtlDN c',fl.J,/l.C,'TOltTUCISITY FACTOlt •',PS.2,////1 

• WlltlTI! Gl!NElltAT!D D.&T• P'Ollt THU SET • 

Wlll.1TE(KW,:S20I 
,OlltMAT I ax .. RUN'. sr:. 'TEMI' •• IX •• l'ltl!SS •• ex,. LHSY. 'IX •• M2 SDLU8IL ITV' • 

•IX."t"f 01,.1"',IX,'EF'' FACTDR',SX,'IN. CDNC.',IX,'l"IN CONC. ',/11!X, 
•'lfl'J',7X,'ll'Sll',SX,'l1/HRJ',11X,'IWT ... l',7l,"[SQ CM/SEC)',l2l,'(WT 
•'l)',10X,'IWT-:0)',/J 

DD JSO Lcl,Nl'TS 
YI L l 'C2 IL J 
C2DIL)1Y{L) 
Ct 1L)•Cllt1 . 
WIUTE.{KW,3&0IL ,TIL )·•UO. ,P(L) ,ALHSY{L) ,S(L) ,Dl!:,.P'(LJ ,!1 (L) ,Cl (L] ,Yt 

•L} 
1 D RMA TI S X. IS , F' 1 O, 1 , I' 1 1 . 1 , 11 o . 2, S X, 11! 1 S • S I 
CONTINUE 
CMI N 1(). 01 
CMlN•0.10•01 
NDAT1NPTS 
00 100 J11, NDAT 
tF' (C2DIJ).LT.CMIN) Nl'TS•NPTS•I 
CALL STEl"T flXfIT) 
DEY •O. 0 
DEVHO.O 
SOS•0.0 
OD 401 JJ•1,Nl'TS 
0£¥ cOEV+OAIS ( C2C I JJ I ·C20 { JJ 11 /Nl'TS 
DEV 1 :DEVI +DABS ( C2C I JJ) • C2D I JJ I) /Nl'TS/C:2D I JJ J • 100. 
sos Is DS + I c :zc I JJ J • c :ZD' .J J I l •• 2 
CONTINIJE 
WRI TEt KW, 100) 
FOR.MAT(lHl,/////IX '·H•TH O"D!ll: CLOIAl MODEL PAlltAM!T!"'S',/) 
Wit IT EI KW, S 10) XI 1 l , X ( 2). XI 4 l 
,-ORMAT(//5)1,'Al'••M; ·,E10.4,JX,'WT\••(1•N)/H"'',//IX,'E • ',110.4, 

•3X,'CA\./CMOLI!:' ,//5)(, '"I : ',!10.4) 
WAI TE l KW, 520 I ce:v. D!V 1. FO!J ,sos 
,OAMAT(////5X,'MEAN DEYJATlON 1 ',!10.4,//SX, 'AYC. PEACINT ElltROR • 

• ',£10.4,//SX,'P'DB.J : ',EIO 4,//511!,'SUM DF' SOUAR!S • ',1!10.4,////) 
IF (OlltOl!llt.!0.1.01 GC TQ Ill 
IP' IX(4).lT.O.llll) GO TO IHI 

247 I' IX(4) .GT 1.0002) GO TO Slit 
241 1' fX(4).CE.1.0001.AND.Xl4).L£.1.0002) CD TO 115 
241 101 f'\.AMB • 1. 
250 XMAX(4)• .1031 
251 XM1H(4J•1.0001 
2'5.2 X t 1) •X l 
213 X(2)rX2 
254 Xl3)1JC:I 
211 X{4)11.21 
211 J'IC)•1.5 
21'1 ,lAM!l•1.0 
25& GO TD 400 
211 Ill DlltDffil 1 1. O 
210 NY113 
211 FLAMB11.o 
2S2 COD TD &00 
2,3 tit STOI' 
21& END 

• END DAT& GENllU.TIDN LOOPS • 

• DATA 'ITTJNG SUlllDUTINE • 

211 SUl!lltOUTtNE !'.U'TT l'ITMI 
211 lMPLJCJT REAL•& IA-1",0·Z) 
217 R!AL•I KRJ;M,Kl"YD.KRCT,KPltO 
211 DOU8L! l'fl:!CISION X,F'JT,OEXP,DEJCP,ARC.F'JTM,I",. 
211 OIM!NSJON FJTM!JOO) 
210 COMMON /CST£!'/ X[20J,XMA.Cf20!.Jr,..IHl20l.O!LTXl'20),0£LMN(201, 

• r Rll I 20. 2 1 J • ,. Q 9.J • H't ' NT llA c . MAT R J( • MA s" r 20 I . 
•N·F'MAX, N,. LAT, JVAll'f', NXTllA, KP' LAG, NQlt!ll, Kl!: It Fl, ICW 

271 COMJ.!QH /CDATi l"IT1:SOO].'f'fJ00!.1SJGIJOOl,Nl'TS 
272 COMMON /CSTOJ'I/ T(27),rf27! .~LHS~[2'7f.:1(2il ,T!A.Mf2'1) ,T1j 10) ,P1! 10) 

1 , AL HS V 1 I 1 0 I , E 1 I 2 '1 ) , DA ll I 2 i l , 0 E,. ~ I 2 7 I • SI 2 i ) . " IS I 2 7 I , T !"M~ t 1.0 I . 
•DENSl27) ,'tKl27l ,C2Cl27J. C2Dl27J ,oe:v. D!'tl ,DfV2 ,CP \ ,wr. Yll,Olll:D!fl:, 
•2,CMIN,Hl ,NOA? 

2'72 O!X~(Afl:GJ•DEJCP(ARCI 
214 K•O 
271 ••1.11!'12 
211 FOIJ•O 
271 DC :110 Jrt,NPTS 
2'71 CIO I( II(+ 1 
271 I" (K. CT .NDAT I CO TO llO 
210 Ill' IC2DIKl.LT.C"41NI CC TO UO 
211 Y(Jl•O 0 
212 Yl.,l•C20(KJ 
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213 YSIC(Jl•YIJI 
211 YSJC(Jl•t. 
21S C2Df.JJ•C20IK) 
216 JI' IDROEll EO. ~ .OI CO TD 500 
JI, T lllllM I J I • l C 1 I k I•• I 1 . • lC I I I I - X I 1 I• 01! X,. I • X ( 2 J /It./ T KI KI ) a~ ( K J • • X I 3 J 

••(t.•Kf•lllALHSYIK)J 
211 Tia' (H'RM(JJ.Lf.O,Ol T?IU•1(J)•O O 
211 'tr• TE llM I J I• .. l 1 . / I t . • x l 4 I l l 
2to CO TO $01 
H 1 500 -,, •C 1 I k I /OE Kl' IX t 1 I •Ql!X~ f • l ( 2 l/ll/TKI K J )•~Uc.J••&C':I )/ALHSY( K) J 
2112 101 ,lTMIJJ1F" 
213 C2·CIJl•P'P' 
251 !501 ,DSJ•FOBJ•(fl"l'•V(J)J/YllGtJ})••2 
21.I :uo CONTINU!. 
:tts JtETUJtN 
211 ENO 

IUJTllY 

THIS "kOCa.AM CINllUTIS A SET OF OUTLET a.l!ACTAHT CONCl!NTRAT·IDNS CZYl!N TEM,.E•ATURE, "A!.SSUlltE, 

LHSV, ANO INLl!T REACTANT CDNCl!NTRATlONS CIYEN AH lNTEGlltATED llAT-1! EOUATlDN A"10 ITS RAT! CONSTANTS. 

IT THEN FITS &N fi•TH ORDElll CLOIAL MOD!L EOUATlON TD THIS SET OF HYt-01'HETJCAl.l.V CEllllRATED DATA. 

'Oil THIS Ct.SE 

lltl!ICT10N ACTIVATION E~e:lll.CY 10.!ll•Ol'1D 02 KCA\../GMO\..E 
HYDllDCEN HEAT Dll' AOSOR~TlCN •0.2013470 02 K.CAL/CMDLE 
•eAC1AlilT•l'Jll.ODUCT HEAT DP' ADSOJll.~TJDN Dlfl'f'Ellt!HCE ••••••••••••• 

WT._ IS THE WIJC:HT ~f1tC!HT DlSENZOTHtO,H!NE IN THE SULlt'. l"LUlO 

Cl.TA\..YST P•O,.£JtT1E.S AJll.E 

,..11.llt'tJCLI OJAMl!TEtt I 0.21 (MMt 
.&YfllU.CE ~DAE D lAMl!TEllt 21. 0 I ANGSTROMS) 
VOIO 1'111:1.CTION 1 O.SOO 
TOltlUOSITY ll'ACTD" 1 2.50 

••• T[M' ~•u:ss L HSV H2 SOLU8l\..ITV EP'll' DJ ll'P" 
ISO CM/SEC! 

... ,.ACTOR IN CONC. 
1'1 (PSI) ( 1 /11'1.) 

410. 0 1000.0 ' 00 
110. 0 1000 .o 3 Oo 
••o. o 1000 • • 00 
•liO. 1000 . • • . 00 
uo 1000 . • 1:. Oo 
100. 0 1 QOO. 0 1 00 
500 . 0 1000. 0 3. 00 
100 . 0 1000 .o • .oo 
100 0 1000 0 • . 00 

10 $00. 0 1000 0 12. 00 

" 110. 0 1000. 0 1. 00 

" 110. 0 1000 0 3 .00 

" 110. 0 1000 0 Ii. 00 ,. 110. 0 1000. 0 •. 00 

" 110. 0 " . 00 
11 100. 0 1000 0 . oo 

" 100 0 1000 0 00 
II 100. 0 1000 0 . 00 
11 100 0 1000 .o • 00 
>o 100 0 1000 .o , 2. 00 
21 uo 0 1000. 0 1.00 

(WT":.I 

0 117210 00 
0. 1 I 7210 
0. 1 17210 00 
0 . 111210 00 
0. 1, 7210 00 

121240 
1 2 c '2. r. 

0.121240 
0 . 1:zI2. c 00 .. '2'240 00 
o. 13&1 ID 00 
0. , ,., 10 Oo .. 13•11 D 00 
0 134110 00 
0. ll&t ID •• o. 143210 00 
0. 14J21D 00 
O.UJ21D 00 
0 1'3210 
0.143210 00 
0.111310 00 

0 251430•01 
O.:ZSl•lD•OI 
0 '211430•01 
o.2ssa:10-oe 
0. 251430 -os 
O. l 1S41D•Oli 
O.llS&&-D•OI 
0.311410·01 

.:Jll&SO•OI 
J1SIS0·01 
3a6E2D-OI 
3&1C20·01 

.Jl$620·0I 
0.:115,20-05 
o.:u,00-01 
0 1'7.e•SO·OS 
0 1'764\0·05 
o 4"'7a,so-os 
0.111•SD•QI 
0 4'18450•01 
0.5tl20D•Oi 

0 19,710 
0 9 ! Iii 7 ID 
O. IS !POO 
0 9 I 9 '70D 
0. 111UO 

111UD 
• ' ... so 
ltll5D 
tllJlO 
111310 
114520 
ltlltO 

0 113 3 I [l 
0 1131cc 
0 llJOSO 
0 t.,.!5 T70 
0. t'U220 
0 I.,. S'l 40 
0 t'7 '727D 
0 17'7'1C 
0. 100110 

(W'T..._l 

00 0. :t•Jooc 0 I 
00 0 24300: 
00 0 2&3000 O• 
00 0. 2•3000 01 
00 0 :u:tooo 
00 0.243000 o• 
00 0 2. 3 000 01 
00 0 243001: 01 
00 0. 243000 
00 0 2 •3000 0 1 
oo 0 243000 0 1 
00 0 243000 0 1 

0 2•lOOD 01 
24:100D 
2 4 :IOOD 

0 2 43000 
0.21300C 0 I 

00 0 213000 01 
00 0. 213000 
00 0 2 '3000 01 
00 0. %CJOOD 01 
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F'lN. cor.c. 
(WT":.) 

0.23&ttD 
0. 240010 01 
0 24 t &SO O• . .2111Ul o• 
0 . 242'21 D o• 
0 111200 01 
0.221310 01 . 2:12150 01 
0.2li100 01 

2 3 .,..,. s 0 0 1 
1$4010 00 

0 112580 01 
0 191320 
0. 2 1 00~0 0 I 

2 1'7 5 :o 01 
5834'70·02 
)5 5 , 5 0 00 
15.,. ''7 0 00 
1J1120 O• 
1 5• I 90 01 
10•110~11 



MARO. 

MA.SK 

22 .. 
2• 
21 

ISO.O 
no .o 
fl.0. 0 
11.0. 0 

1000.0 
1000. 0 
1000. 0 
1000.0 

.00 

.oo 
•. 00 

12. 00 

II.GIN NONt.INEAA LIAS't SOUA•ES SOLUTION 

0. 111350 00 
o. ,,1350 00 
0.1£1JSO 00 
0. Ul3!iD 00 

0. 100000 11 O, 30000D OS O. OOOOOD OD O. 500000 00 

XMAX 0.10000031 0.10000031 0,10000031 O.llllODOO 

J!MIH 0 .• 00000 00 O.OOOOOD 00 0.000000 00 •0.10000'0 31 

D!LMN 0,1.00000 03 0.3000.0D•03 0.000000 00 0.100000·01 

••• •• 200 

tcOIU)ll' I , NP't.AT • t Nl'MAX I 

CttlT a 0.101110 oo a.ILDF • 0. tOOOOD•Oi 

PNI (THI SUM Of SOUA"!SJ • 0,3122&1110 02 

l'OSS-llLY DANCl!ltDUI V&LUl Of" CD~P'P'ICUNT. 
l"OSSltLY DANGl!lllOUS YALUE OF CDl!FP'JCIENT. 
.. aSSJILY DANG£•ous 'fALUE OF CCIEl'FICIENT. 

MAJI ll I .aoo 

OSAV I 
OSAV I 
OSAW I 

0 .11120D•O' 
0.111100•0' 
0.111200•05 
0.1519200•0G 

2. 
3. 
3, 

NTJtAC 

Ml.SUB 

" . ti 
>I 

2S 

0' 101110 00 
0.115810 00 
O. I 2•040 00 
0. 130100 00 

MITMO t 

0 , ooooooc 01 
0. 10000000 0 I 
0. 10000000 01 

0 2•300C 01 
0.243000 01 
0 2.&3000 01 
0.243000 01 

KAL Cll' 

0 113'71D·O• 
0.22'7020-0' 
0 151280 00 
0.314130 00 

L..t.MBD.A. I 0. 100000 Ot 

JTIRATJ ON 
JTEJlATIDN 
ITERATION 

CONSTRAINT VIOLATED !IY X( 4), YALUI llt.ESET TO O.tl••e•••o 00 USIHC CUTST!,. iraCTDll • 0 t7113C 00 JTEllt.. 

P'IX XI 4) • 0.111100 00 TEM,.DllARILY, TO AVOID VJOLATINt A CONSTlt.t.INT. 

P'JX I( •J O 111100 00 Tlllll,.Ollt.&lll\.Y, TO AVDJO YlOLATINC A CONSTllAINT, 

CQflfSTIU.JNT YlOl..t.l!O BY X( &I. VALUE RESET i·o o.ttllllllD 00 USINC: CUTtTEll' FACTOR I 0.1.11110 

P'JX Jf 4) 0.111100 00 TEM,.D•AlllLY, TO A·YOID YJCLATINC & CONSTllt.t.JNT, 

P'U XI •1 I o.a11100 TIM•OlltARU.Y, TO .t.VOJO VIOLATINC A CONSTllAINT. 

P"IX J( 41 O •. flllOO 00 TOlflD·ll.AlllLY, TC AVOID YIOLATINC A CONSTlt.AHIT. 

rll JC 4) O.lltlOD 00 Tl!Ml'D9'•11tlL.V, TO AVOID YIOLATltilC A CDNSTllAINT 

P"U: I( 4) t 0.111100 00 TUll,PQllAfllLY. TO AYDIO VIOLATING A CDNSTll.llNT. 

PIX Ir( •l 0.111100 00 Tl!Mll'OllAlllL'I', TO AVOID YIOLAT1NC & C:QNSTllA1NT. 

'Ill ll a) t 0.111100 00 TU411'ClltAll':JLY, TO .&YDIO WlOL.&Tl"IC A CONSTllt.AIHT. 

FIX XI ti 1 O.llllOD 00 TUODAAlltlL.V, TD AYDID YIOLATING .. CONSTttAINT. 

P'll kl A) • O.tlltOD 00 TIMl'OlltAlltU.Y, TD &YClllO YlOLATINC A COHSTllAINT. 

P'll 111:{ •I O.lltlOO 00 l!.M~Ollt.All1LY, TO AVOID Yl0LAT1NC A CQNSTlt.&INT. 

FIX JI •I 0.111800 00 TEMll'Oll.lltlLY, TD AYDID YfOLATllrilC A CONSTIUINT. 

P'IX ll •1 0.111100 00 Tl'Mf'Ollt.t.ll1LY, TO AYDID YIO\..ATINC A C:DNSTAAINT. 

'U' II ii) 0.111100 00 TEMl'DIURl\..V, TO AVOID YlO\..ATrtilC A CDNSTlt.AtNT. 

ITElltAT l Oft 

ilElltATION 

I TEii.. 

I f!RAT I ON 

JTIRAT I ON 

ITl!RAT10N 

ITl!llt~T10N 30 

IT!:llATIO.. 30 

1TERATJ0.ff l~ 

IT£R,A'TJDN 32 

IllltATlON 33 

ITERATION :u 

TT!RATJON 3S 

JT!kATJON :n 

JTERATTQN 3'7 

ITElltATTOli ll 
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rn: J(f 4J • 0.111100 00 T!MPOIURILY, TO AVOID YlOLATINC A CDNSTlll:AINT. 

FIX Xl 41 0.111100 00 Tl!MPDRAlll:ILY, TD AVOID Y1DLATING .l CDNSTllAINT. 

FlX Xt 4J 0.111900 00 TEMPOaAIULV, Tg AYOlD VIDLATINC A CDNSTRAINT. 

FIX XI 4J • 0.111100 00 Tl!:Mll'OllAlllLY, TD AVOID VIOLATING A CONSTRAINT. 

ru X( •I • 0.111100 00 TEM,.OllAlllLY, TD AVOID YlDLATING A CONSTRAINT. 

PU Xf 4) • O.tlllOD 00 Tle'MPOJtAll;ILY, TO AYDID VIOLATING A CDNST•AINT. 

'1X It 4) O.llllOD 00 Tl!'Mll'QAARILY, TO AVOID YJOLATlNG A CONSTfl:AIHT. 

FIX XI 41 " O.tlltOO 00 TEMPOUl1RlLY, TO AVOID VJQLATJNG A CONSTRAINT. 

FIX Xl •t 0.111800 00 Tl!Mll'DRAfULY, TO AVOID VIDLAT1NG A CDNST .. AINT. 

PIX X( 41 1 0.111100 00 TEMPDillt.C.ltlLY, TO AVOID VIOLATING A CONST .. AINT. 

'1X I( 4J 0.111100 00 Tl!frlllPQllA .. ILY, TO AVOID VIOLATING A CONSTRAINT. 

PIX Ii 41 0.111100 00 Tl!MPOIU"tl.V, TO AVOID VIOLATING A CDNSTll.AINT. 

fJX I( 41 O.l'lllOD 00 TEMll'D•ARll.Y, TO AVOID VIOLATING A CONSTRAINT. 

P'fl I( 4) • 0.111100 00 T!MPOll:AlllLY, TO AVOID VIOLATING A CONSTkAlNT. 

P'IX 11 4) 1 O.llliOD 00 TEM,.DRARILY, TO AVOID VIOLATING A CONSTRAINT. 

'IX XI 4) 0.119100 00 Tl!MPORAll:lLY. TD AVOID VIOl.ATING A CONSTRAINT. 

FIX X( 4) 0.111100 00 T!MPOltARILY, TO AVOID VIO\.ATINC A CON5TllAINT. 

'll X1 4) 0.111100 00 T!MPDAAIULY, TO AVOID VIOLATING A CONSTRAINT. 

PU 11 4) 0.181800 00 TEM,.ORAltlLY, TO AVOID VIOLATING A CONSTRAINT. 

flX I( 4) O.llltOD 00 Tl!MPOltARILY, TO AVOID VID\.ATING A CONSTRAINT. 

,.tx. 11 4) 0.111100 00 TIM,.OIUltfLY, TO AVOID VIOJ.AT1NC A CONSTltA'JHT. 

,.lX XI 41 1 O.ltltOO 00 TIMPORAllfLY, TD AVOID 'VIOLATING A CONSTSlAINT. 

1JX 11 &) 0.111100 00 "l'l!M"DRAllULY, TO AVOID VIOLATING A CONSTRAINT. 

P'IX X( 4) 0.119100 00 T!M'll'OlltAll:ILY. TO AYDIQ YJOLATJNG A CONSTllAINT. 

'IX I( 4) • 0.111800 00 Tl!MPOllAltJLY, TO AVOID VIOLATING A CONSTRAINT. 

,lJI: I( 4) 0.111100 00 Tl!M,.ORARILY, TD AVOID VIOl.ATING & CDNSTIUJNT. 

,.IX X1 41 0.111100 00 Tl!M,.011.ARILY, TO AVOID VIOLATING A CONSTRAINT. 

,.IX I( 4) O.llllOD 00 Tl!MPOllAltlLY, TD AVOID VIOLATING A 'coNSTAAINT. 

P'U 11 4) 0.991100 00 TIM,.ORAlllJLY. TD AVOID VIOLATING A CONSTRAINT. 

FIX I( 4) 0.111100 00 T!MPOll.ARJLY, UI AVOID YIDLATllCC A CONSTRAINT. 

CONVEltG!D WHl!N THI! ST!,. !ll!CAMI! SMAl.L. 

J& JTEltATlDNS rMCN , o. 100000 01 

HOll:M 0, SCALED GllADll!NT VECTDlt 1 O.llSlllD•05 

X I 0.'14421110 14 0.354::18140 OS 0.00000000 00 0.11110000 00 

10 
11 
12 ,. ,. 
1S 

" " " " 20 .. .. ., 
•• 

y I ..I I 

o. 23411:uoe: 01 
0.24001210? 01 
0.24145310£ 01 
0. 2& 11S610f 0 I 
0.242212SOf. 0·1 
0.111197501! 01 
0.224312101 01 
C.23214510£ 01 
0.23110350e' 01 
O. 237'74110£ 0 I 
0. 15401040! 00 
0. tl251310E: 01 
O. 11S31110E 01 
0.21004110E 01 
0.21752200£ 01 
0. 58316i&O! •02 
0.355US'70!' 00 
0 tl'7111i90E 00 
0.13152420£ 01 
0.15411210£ 01 
0. 111371110f•04 
0.22702300!•01 
0.1512'71'90£ 
0.36412,10£ 

,IT I J J 

0.23•411170 01 
0.2401285-50 01 
0.21156002-0 01 
0.2•2039010 01 
0 2•2271110 01 
o.11,2•a120 01 
0.225522!10 01 
0.23.&.0!11440 01 
0.237028810 
o.231507?20 01 
0. "152527210 00 
0.164•058&0 01 
0 119171920 01 

2T:!:J26130 OT 
. 22e:uc:uo o 1 

1'2'7501030•01 
0.422314910 00 
0.101315060 01 
0.1.::HIU•oo 01 
0 1569077:::10 01 
o 2ais3210·0-01 

25122IOOC•02 
792111220-01 

.2411030'10 00 

tcUMBEll OF Dl!Gll.E!S 0' P'lll!.!ODM 1 0. 21000D 02 

ll.M.S. SCALID DEYl6'flDN O' DATA ll'llt.DM l'IT : 0.&151300•01 

MAXIMUM SCliL.l!D O!VIATJDN • 0.111020 00 

IU•RDUT 1 N! MOl!:alt 

OS.A\' ,,.u ... scau:D. WH!llt: , IS THI JACDllANI. 

o. 10000000 01 

•0.1813142D 00 O. 10000000 01 

0.'71104000 00 •0.173241..-CI 00 0. tOOOOOOD 01 

y I ... ) .. ,IT ( J) 

0.10&&10•02 
.. ·0.1 Tli3a·D·02 
•O. 10SOt0•0'2 
•O. 124600•03 
•O. l1371i0·03 
0.314110·01 

•O 111010•01 
•O 115210·01 

.t:!S270•02 
•0.758010•02 
0. :01560 DC 

·t'.182!ID•01 
•0.356080·01 
·0.327950•01 
•O. 211•30•01 
•O 1!11540•02 
-0. 672310 •Ot 
-o S.5•a•o-01 

.3'7tS.20•01 
-o. 2'71510•01 

O G6374D·O• 
0 201200•01 
0 720110•01 
0.11i02D 00 

YS IC (.JI 

0. 100000 0' 
0, IOOOOC 
0.10000001 
0. 1 00000 
o. 100000 01 
0. 100000 
0.100000 01 
0. 100000 
0. 100000 
0. 100000 0 I 
c. 1 00000 0' 
0 100000 01 
0' 100000 01 

100000 01 
100000 01 

0 1 00000 
lOOOOC 01 
100000 0, 

0 I 00000 0 1 
0 1 00000 
0 , ooooc 
0.100000 01 
0. 100000 01 
0. 100000 

IT!RAT JON .. 
I Tl!RAT JON 40 

ITlll:ATJON .. 
1 T!llAT I ON 

J'fUlATIDN 

ITl!'IU.TlDN 14 

ITl!RATID"' 41 

ITlll:ATIDN 41 

ne:aATIDN "' 

ITlaATIDN 4T 

1'flaAT ION 41 

l u:aAT JON 41 

ITERATION IO 

IT!RATION 51 

I TUI.AT ION 12 

ZTElltAT I ON 13 

JTl!kATI ON 13 

neRATJON 53 

ITERATION 53 

JlEltATIDN 53 

ITl!RAT I ON 54 

ITEAATIDN 54 

ITEaATIDN 14 

ITERATION SS 

IT!ltATJON SI 

ITl!RATJON SC 

IT~RATl-O·N SI 

!Te.RATION SS 

JTEll.ATJON S? 

tTEltAT10N SI 

I.AMICA I 0. 121330 OS 

IY'"ll'tTl/VStt 

0. 101&10'"02 
.. 0 t t 1380 •02 
'"0 IOCOID•02 
•O. 1::U100•03 
'"0. iCl'71D-03 
0.314110•01 

'"0.111010•01 
•O. 115260-01 
•0.125210•02 
•O '7SI0•0·02 
0.101SCD 00 

•O 112110 .. 01 
•O. 351010•01 
.. 0. 3271SD .. O 1 
•0.211430-01 
•0.191540•02 
•O. C'f2l10•01 
•O 551140•01 
•0.3'7152-,D•OI 
·0.2'11510•01 

o IC3740 .. 04 
0 201200•01 
0.720110•01 
0.11102DOO 
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N·UM811 DI' Dll!C.lt!eS 0' l'RIEDOM IN 0.' ) : (N,-T!•lrlAC:TV) 1 11 

fU'IC1ED YALU! D' ,HJ • N.D I' l"LUS OR MINUS SOllTl2•N.D.ll'.) 1 21 Jl'LUI CIJl MINUS O.ICi01D 01 

.... ,..ax (MA TE ST.&HD&lltD llU.Dlt.S. 
RESC&LID 

MASKI.ii • t.,) UtlltDtl UUtD• 

0.14•211110 0. 1 11100 .. 0. S&i 1 OD " 
O.~IU3113&D 05 0.117'110 •• 0.114140 03 

0. 000000000 •• 0. 000000 00 0 .000000 00 

• o. lltlltllD 00 0.114110 0 I 0. 751100•01 

LDWelt TlllANGLl!.,.01' TH£ C:OUtlU.&T l·DN MA Till I .. 

K .... 
MASk.lll:J. 0 • 
MASKI.Ji 

0.100000 01 

O.tll9'7CI 00 0. 100000 01 

O.OOOOOD 00 0. OOOOOD •• 0. 000000 00 

0 o.1311'0 00 o.s1011.a •• 0. OOOOOD 00 0. 100000 01 

W•TH 091.DUI GI.DIA\. MODEL ,,&-IUMET!ltS 

I 1 0.31>44D OI CAL/CMDLI 

N z o.tlt·tD oo 

NIAN DEVIATION • 0.21$00•01 

AYC.. 'f.111.C!NT llUl.Olt I o. tl2CD 02: 

,01.J 0 .44110•01 

SUM DI' IOUARIS • 0.44110•01 



MARO. llGJN NDNLlfril!AR. Ll!AST souaae:s SOLUTION 

MASK 

o. 100000 11 o. ;sooooo 05 o. 000000 oo o. t soooo o t 

IM ... IC 0.100000 21 0.100000 J1 0 \00000 31 0.100000 J1 

I.MIN 0.000000 00 0.000000 00 0.000000 00 0.100010 01 

DILMlll 0. IOOOOD 03 0.300000•03 0.000000 00 0,500000•01 

... .. LPDM.l 300 LP'DM8 I 20 NTRAC 1 0 METHO 1 

IC.DIOP • 1 MPLAT 1 I NP'MAIC I •ooo MAklT I &00 MXSUS 25 

can • 0.101110 oo llELDP' • 0.100000•0,. IELMJ.i • 0 100000•0,. 

PHI (TH! SUM OP SOUAl·f.5) • o.:121021020 02 

CONSTRAINT VIOLATID IY XI •). YALU! RESET TO 0.100010010 01 USING CUTSTE"' FACTDl't i o.iu••o 

PU XI 61 0.100010 01 TIMPOlltARIL¥, TO AVOID VIOLATING A CDNSTRAJfrilT. 

, IX Wt & ) 0.100010 01 Tl!Ml'OllAIU\.Y. TO AVOID YIOLATINU A CONSTRAINT. 

n • xr •I 0 100010 01 T!MPDJlARUY. TO AVOID VIOLATING A CONSTllt:AJNT. 

P'IX X( .&I 0.100010 01 TeMPOJl.ARILY, TO AVOID VIOLATING A CONSTA.AINT. 

nx X( •l I o. 100010 01 l!M•ORAJll\.Y, TC AYDID VIDLATIHC A CONSTRAINT. 

,.U JI( 41 0. tOOOIO 01 Tll"4'0ltAltlL'f. TO AVOID VIOLATING .C. C'ONSTRAlNT. 

FIX X( C) 0.10001D 01 T!MltOlltAJllLY, TO AYQID VIOLATING A CDNSTllAJNT. 

,, x x ( • 1 0.100010 T~M,OJlAltlLY, TD AV01D VIOLATING t. CDHSTJl.A1MT. 

'1X X( 4) 1 0.100010 01 T!M'0~."All1LY, TC AVOID VIOLATING A CONSTllt:AINT. 

,.11. X( 41 s 0.100010 01 Tl!M•ORARILY, TO AVOID VIOLATINC: A CONSTRAINT. 

n a ){ ( c I 

,.1 l X l &) 

l"JI X( 4} 

P'U XI 4) 

'tx x { 41 

0.100010 01 TEMPQlt.t,RlLV, TO AVO·JD YJIHATING A CDNSTA.AINT. 

O. 100010 01 TIMPOllt&RILY. TO AVOID VlCLATINC A CONSTRAJMT. 

0.100010 01 T!M•Dlt.AltlLY, TD AVOID VIOLATJNC A CONSTltAINT. 

0.1000·10 01 Tl!M,OJl.ARJLY, TO AVOID VIOLATING A CONSTRAINT. 

0.100010 Tl!MPDlllAJl.lLY, TO AVOID YIO\.ATJHG A CONSTJl.AINT. 

PIX I( 4) 0.100010 01 TIMf'DR.Al\JLY, TO .l't'QlD VIOLATING A CDNSlltAINT. 

l'J·X Kt 41 0.100.010 01 TtMPQRAJll\.Y, TO AYOID VIOLATING A CONSTRAINT. 

"11 11 4) 1 0. 100010 01 TIM,.OJlAR1LY, TC AVOID VlOLATJN.G A CCNSTIU:i.INT 

P'Jl X{ CJ 

l'U XI 4) 

0.100010 

0.100010 

TIM~Ollt.AJllLY, TD AYOJD VIOLATING A CDNSTJl.AINT. 

T'!M,OltARILV, TD AYOlD VIOLATING A CONSTRAINT. 

O.t0001D 01 Tl·Ml'Ollt.AR.lLY, TD AVOID VIOLATING A CDHSTRAl.NT. 

CDNVE"CENCI! ACHIIVED UNDEJI. THE N,LAT OPTION. 

I& lllllt.AT IONS ""I • o'.211oi1320-01 

NORM OF SCALEO CltADtENT YECTOll' • O.S30llO•OI 

,MCN i o. 100000 01 

K 1 O.:Z240l•7D ti 0.3110'2010 OS O.OOOOOOOC 00 O. 12100Sl0 Ot 

, 
2 
3 

• • • 7 

• 
I 

10 ,, ,. ,. ,. 
•• 
" 17 

" ,, 
20 
21 .. 
23 .. 

v t JI 

0.2Jl.113&0E 01 
0.,1.001210£ 01 
0.24145310£ 01 
0. ,&U!illOE 
0.2&2212SOE 01 
o.11111iSOE 01 
0. 224352!0f 01 
0. Z3214SIO[ 01 
o.23610JSOf 01 
0. 23714150£ 
0. 15ool·OI040E 00 
O 152Sl3·tof 01 
0 116J1'10f 0\ 
O. 2 IOOCllOE 01 

21752200f 01 
5134 IUCE •02 

0.3·5S1&liGf 00 
0. IS'TSS&·tQE 00 
0 13112&20! 01 
0.15419210! 01 
0 llJ71CIOE ·OC 
C 2%,.02JOO! •01 
O 1s.12i110E 00 
O lS4121tOE 00 

235071 io.D o 1 
.2.40321100 01 

0.241151•30 01 
0.2&2103210 01 
0.24232,.100 01 
0 195161820 
o 225123770 ot 
0 2J&l1Sl30 01 
O 2J'?Cl362D 0 I 
O 2JISO&&&t 01 
Q '791933050 00 
o , s21os1.i:; 
o. 1'8121130 01 
0 211175120 01 

21'1'0SOC 01 
i1411;215!;·0! 

0 .&5•• I llOD 00 
0 968112530 00 
0.1Jl0114l0, 01 

151'7'715]0 01 
429'&6?300•0;J 

0 20tGJ0'5'10•0I 
127530110 00 
2&2,71$10 00 

NUMIElt OF DIGflE!S OF' ,.111!!.DDt.I • 0.210000 o• 
a.M.5 SC&\.!0 D!YJAT10" OJI' OATA l'llt:OM "IT 

M.lllMUM SCALlD DEYUTJON c 0 10127D 00 

OS&V l"T'"· SC&LID. WH!a.E" IS THf JACDllANI. 

0.10000000 Ot 

YI JI· I' l TI J) 

•O 7121$0·03 
• 0. 309 S30 •O:Z 
-o 202.&!10·02 
•0.1•5110•02 

1 i..s20·02 
0.301~'?0•01 

•O 111010•01 
•O 11'711O·o1 

.l:SOO&D•02 
•Q 75·1'7·70-02 

0 5.& I &7Q •QI 

321150•02 
111JC0•01 
182170·01 

-c 165110•0' 
•Q •56540·01 

109 270 00 
-0.312!50·01 

c 112aoo-02 
0 2• 21I0•01 

•O lS.J, 10·03 
l'7392C•C2 
2356&0•01 

0 et•SOO•OI 

vs 1 c I J l 

0 100000 01 
100000 
1 00000 

0 1 ooooc 
o 1ooeoc 01 
0.10000('.IOI 
0 100000 CT 

tOoooc 01 
100000 01 

0 100000 01 
0 100000 01 
0 100000 !) 1 
0 1 00000 
0.10000(; 
0 100000 01 
0. IOOOOC 01 
0 IOOOOC 
0 IOOOOC 01 
c 100000 01 

1 00000 
100000 01 
100000 01 
100000 01 

o 100000 01 

k&L C,.. • 

LAM80A 1 0 I 00000 O 1 

J TEJI. 

ITERATIDH 

I TEllAT I ON 

I Tf:ltAT ION 

1 Tl!IU~T ro~ 

ITERATION 

JTEKAT JON 

1Tl!:R&Tl0Jri 

11'fJl.ATION 

I T!RAT I Dirt 

lTEllt.ATJDN 

IT!JlATION 

ITEllATION 

JTERAT JON 

ITERATION 

JTEKAT ION 

tT!ltl.TIDN 

lT!:ltATION 

IT!KATIDN 

IT!ltATlDN 

10 

" 
12 

.. .. 
15 

" 
17 

,. 

" 

1.AMllDA. 0. '03150 02 

.,azaso·o:J 
•0.309530·02 
·0.2'l'2&to·e~ 

•O 1&65!0-02 
•O 1 t•S20•02 
o.:io2aio·o1 

12&0S·0·01 
1 17I10·O1 
930080•0'2 

~o 7!5t;i7D·02 
o s•1cie•o1 

•O :!21-1'5C•02 
llllOD•CI 

-o 162!.10·01 
•O 16S.86D•Ot 

C51SCO•Ot 
109270 oc 

•O 31::1"Jt0·01 
o a12ioc-02 
c 247110·01 

:S6l11C·OJ 
0 17Jt20·02 
0 23&&1C.•OI 
O.ll450D•01 
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·O.tll31JICI 00 0.10000000 Ot 

0.11:rll11D 00 '"0 i11•4:J20 00 0.1000C'000 01 

NUMl!Jl Of' Ot:G•!IS 0' r•te:!·OOM IN.a.r. J I INPfS .. lril.l.CT't'l • 21 

ACTUAL WAl.U! O' •Hl 1 0 2110'70 .. 01 

fllCltALING 'ACTO~ I SO•Tl,.HJ/N.0.F. J • 0.311fS0•01 

MAlfMUll'I YAltlANC! 1N,LAT·ION 'AC1Dllt • O 122010 04 

APP•OkfMATI STANOA•P EUtOlltS .. 

MASKl..IJ Kl ..I J 

0 0. 224011730 1 s 

0, l,1020 !OD 05 

0. 000000000 00 

0 . 12 I 001 IOD 0 I 

LOW!• T•JANCLE OF THI COkU~LATIDN MATRIX. 

MASK1KI ••.. 

MASK(..IJ 

0 

o o. 100000 ot 

0 

o 0.111010 oo 0.100000 ot 

!lltllDll: 

O.'ll3:'1JD '' 

0,200130 OS 

0 000000 00 

0. 170210 01 

0. OOOOOD 0, OOOOOD 00 0, OOCOOD 00 

2t ,LUI D• ll'llHUS 0.1410'7D 01 

lll!SCALED 
E••Dit 

0 1402•0 u 

0 731110 OJ 

0' cooooo 00 

0.122170·01 

O 0,141320 00 0.51111110 00 O.OOOOOD 00 0.100000 01 

N•TH ORDl!A G1.08AL MODEL 'AllAMl!TEAS 

I I 0. :aaaoo OI CAL/CMOL! 

N I 0.12100 01 

HIAN D!Y1AT1DN • 0.21110•01 

A'fl:. Pl!ltCENT E._,tO• 1 0. lll&D 02 

FOIJ 1 0.21110.,01 

SUM D,. SOUAJll.!S : 0.21110•01 

ST.lT!Mt:NTS El!C'tJT.!D• 55311S 
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tOfH USAC! DIJICT CODI! r S7Sll ITTES •• uuu.y ••EA I 1111• IVT!S, TOTAL Aflt~A. ATAll.AIL!• 17.tOIO ITTES 

DIAGl(OST1CS 

CDM'~lLE TtM!• 

CSSTOP 

O.•t SIC,Ell£CUTION 'TIM!• 

0, NUMlt:ll: 0,. WAllNJHCS1 

s is ~EC. 23 . .32. 31 

0, NUMl!Fl OF" !XTENSIONSi .. 
ll'IONDAY 25 JUL 1:1 WATl'l't' • ll'IAlt UIO V2LO 



APPENDIX H 

DIBENZOTHIOPHENE HYDRODESULFURIZATION PROCESS 

MODEL FIT TO NON-ISOTHERMAL DATA 
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10 
11 

12 .. 

1o1aa 
e 
t 
e 
t 
t 
c 
c 
c 
c 
c 
e 
c 
c 
c 
c 

OlllMJOTHIDPHl!:NI HDI PAOC!SS MODEL 

DATA FRDM ESPINO 

Flt TO NOH• ISOTHl!:JIMAL DATA 

ALL KUETIC ll'All:AMl!:TEIU Jl'1U:D AT TH! VALUES OITAlt<l:i!D 'lllOM 
LIHIAR ,ITS 0' THEill AltlltH!NIUS 'LOTS O!T!aMJHEO ,lltOM 
JSOTMElllMAL C4t.C.ULAT10NS 

IMll'LICJT 111.llL•I IA•H,O•JI 
INTfGflll Zt 
RIAL• a KRll', l(H2, JCP, Kllll, KH21tl!I", K 1, H, J.01, KNUM 
REAL•• Kit.DK, 
DIM!'NSION KIU 110), k.H2 (10), IUtOK,. ( 701, C2f 10) 
EJTERNAL !HIT 
CIOUILf P'•ICISION' X,l"JT 
COMMOM /CSHP' I XI 20 l, JMAll ( i.o), lt'MI N( 20J, Dle:L TX·( 20 l, OELMN ( 20), 

., .... , 20. 2' I ,-,·ceJ. NY. NTlll:AC. MATlllX ,MASK·l 20 I. 
•N,MAX, NF LAT, ..tVAlllY, NX TFl:A, KF LACI, NOlltf,., Kflltl" L, KW 

COM .. ON /HL LS 4 I l"t,AMI, JI' NU, lltl.L 01", REL MN, MET HD, KAL CP, KOll;DI", 
•MAX I l , LEQU, M-ll.S Uf, MX UPO 

CCl ... MDN /COAT/ '·IT{300'),Y(300),YSJC!;JOOJ,tf"TS 
COMMON /CSTOlt/- T(70},1"170l .. AL~SYl·'70l.C1!70J,Te,_Mf70).Tll10l.,-t(10) 

a, AL HS V 1-( IO),!. 1 I 70) , DAI! 10 f. DU'll' I 70 I , S l 70 I , YI S l 70 I , TEM~ I 10 I , 
• DENS ( 1C I • 0 ! y • c~ , . WT • v It. HI • TI( i 10 I • OE v 1 . "' y 2 • C2 c I 70 J • c 2.D r 70 1 • 
•OltOllt,2,CMJl'l.NDAT 

OIXP f A•C I •DfXP I ARG J 
CALL STS!.T 

• MAAQUARDT YARIAILIS • 

U Ml•O 
ti "L•1. 
U Klt•i 
11 KW•I 
11 MAUUt•t 
11 NPMAI • IOOC 
20 MAX IT raoo 
21 MAXlT•t 
22 M!THO • 1 
23 NTJlAC •O 
Ja NV• I 
21 lMJN(3) •I .1013 
21 IMAXl3t•l.2D1:1 
27 MASKC 1)., 

21 M.llk(21•1 
21 MASK( 41•1 
30 MASK(S)•t 
31 MA·SKllJ•t 
)2 Xl1J•1.1l&ID·'7 
:13 1(2h20934.7 
:u X(:l)•l.12'71013 
:u lf(4 l •31•01 , 
31 X(l)J1.31'71D7 
:31 X[l)P111'71.I 
31 lUXltJ 
JI X2t-llC(2) 
10 l3•Kl3) 
41 lU•X(4) 

...................................... 
MOD-IL CONSTANT$ AN-D va•JAILIU ..................................... 

12 AH2• t. U41D·0'7 
4:1 AltO" • 1 . 31110+0'J 
C-4 ARJl•I. t2'71D•13 
C-1 C,1•0.0 
&I CllAl:l•C.010$ 
'' Ctt.Zl•O.I 
II Ctt.1•2.C3 
at IH2•209:11. '7 
10 lltD,t•tll11.I 
11 EJtXt:llCO·l.T 
12 IOLO•O.I 
13 MWl•t32.20C 
14 •H2•2.011 
'' _.,,,4,0l-
11 MW••11C.27 
17 MWS•JJ.014 

SI NL 11 
II NI,. •I 
IO ,_,,,5 
11 .... ' 
12 NT I 1 
ll NT •I 
11 NPTS•NT•M~•NL 
II OJl:Dlll:IO.O 
II l"C•:ll. '7 
l'J 11'1t&Dt11.o 
•• , .. '- 1172 
11 S117tl.O 
'70 12•12.24 
'7t 5lZ•10.~ 
'72 TC•'JU.O 
'73 TOlh2. I 
1• TIU'.fl' • 125. o 
'71 1Jl!H•21~.0 
'71 VAlll2.0 .,, ••. ,.,,o 
'71 VIJl:El'•tll.1'7 
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" •• .. 
u 
n 

•• .. .. 
" .. .. 
~ 

11 
12 
13 

•• 

.. .. 
t1 
II 
II 

100 
101 
t02 .. , 
1~ 

to• 
to• 

·~ 

·~ ttt 
ltO 

"1 ... ... ,,. 
tt• ... 
11' 
111 
'ti ... 
1>1 
122 
12) 
121 ... ... 
12' 
121 ... 

1U ... 
'" ... ... 
'" ... ,., ... 
1ll ... 
1&1 ... 

• • c 
c 
c • c 
c 
c 
c 
c • c • 

't'f'•O .t 
YA• 11.0 
W•O.lQ3 
WT•l ,O 
Z:211 

JNllUTr1 I' DATA IS TD fl! f4'tl'OTHl!T!CAL.LY Cl!NEIUTED 
lt.PUT•2 JP DA.TA JS TD af SU,.,.LHD 

DATA MAY II! lif:HEAATE'O JN TWO "'AN"!flS · 
t SUP,.l't ALL "A!•!X,.ONENTIAL AHO l!Xl'CINl!NTIAL CONSTANTS 
2 SUP,.l'I t:XPONENTlAL CONSTANTS ANO l':ATI05 011' fOUILil.ftlUM 

CONSTANTS AT A SPIClF'll!O REPEll!NCI! HMP'!.RATUlll! 

• •••• • •••• ••• •I• ••••• I• •• •. I a e I a a• a a a I• a S •I I a I• I •a a• a I I aaaa aae a a a a 

KNUM_,1 ID•I 
I' IYA./'11.GE.2.IJ tt:NUM•I 2D•I 
1' (YA/Yl.L!.1.0) KNUM•21.2D•I 

lteAD(Kll, 10)NPTS 
10 PDlllMAT{IiJ 

DD 30 ir;.11 ,N,.TS 
JllfACl.I Kll,20l T( I(), ll(K I .ALHS'l(K) ,C1 (llC.), Y(KJ 

20 ll'DU4AT(''U,IF10.SI 
C2(Kl1YIKI 

lO T(KllT(kl+•IO. 

" 
'" 
110 

'" 1~ 

·~ '" 

JF.IHl.!0.0) GO TO ISi 

• lt!AD Tl!MP~AAT'URl!S. PRESS URIS, L.HSVS • . ...... .. . .. . ...... ······· ............... . 
DO 110 K•1,Nt 
ltEADtKR, IOO)T1 (Kl 
ll'OltM.&Tl '7X, 1'10. 5) 
T11Kl•T11Kl•410. 
CONTJNU! 
DO 130 K•1.NP 
ltl!ADtKA.120)-1 (IC) 
FDlllMAT(1X,,10.I] 
CONT I NUE 
DD 110 K•1,NL 
REAOIKR., 1ilO)ALHSV'fCKI 
10RMAT(7),,,10.S) 
CONT t NU!' 

• • • c 
c 
c 
c 
c 

110 

110 

·~ 
210 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c .. 
c 
c 
c 
c 
c ... 

I. T• t 
LP• 1 
LL• 1 
KNTT•O 
ICNTP •0 

.............................................. . . 
• COMaJNI TIMP, PRISS, I.HIV TD 'ORM D&T& SIT • . .............................................. 

DD 210 Ln,NPTS 
kNTT.•KNTT+ 1 
KNTP•KNT~• 1 
TIL)n1(LT) 
Pl L) •1' lt LP I 
ALKSVI L )tAl..HSYI {LL I 
I' I KNTT. NE:. NP•NI..) GD T·O 1'0 
KNTT•O 
I. T •LT+ 1 
I' CLP.NE.NI'! GO TD 110 
IF IKNTP.!O.Nl..I LP•O 
t' (KNTP.ftE.NL.} GO TO 200 
KNTP •O 
&.P•Lfll• 1 
IF (LL.!Cl.NL) LL•O 
LL a&. L + 1 
CONT INUI 

........................................... 
a START !OUll.IlltlUM COtfSTANT C:&LC:UL.ATIONS 

P'll~-EXPQtU!NT JAL CONSTANTS 
• &IU•Rf:ACTJOtrrt 

AH2 •HYDADCCN 
AP •Plll:ODUCT 
AR •lll&CTANT 

a fOUILlllllUM CONSTANTS 

. 
IC.RI• ltl!ACT I ON 
ICH2•HYDlll.OCEN AOSO·l'l'T 10,. 
KP ·P•ODU.CT a·osOflll'TJO"' 
llUl •"-EACTAfllT ADSDll:l"TIO"N ... . . . .. . . . . . . . . . . . .. .. . . . . .. .. . . . . . . . . .. . . 

DD 220 L•1.NPTS 
TKILJ•TILl/1.1 
SI L I • Df I I" I •St IT Kl I. J • 12 I• P (I. t • 1 oo 
T••TK(LJ/TC 
01 •. :s~s•:r·. :r:r113•T11:+, .11••u 11•••2J-2.02112• t r"••:J 1•1.11•22• 1 Tit••• 

•) 
02• .2110.,• .OIO•S•Tft• .Oil&il2•t••'l'a 
U:•Tk!FL./TC 
03• .3:11•3·. l::'lll:S•Tll:• 1. 51141•( TR• •2 I ·2.o:n12• I Tlt••3 )•, I 1il22• ITll:••• 

•) 
DI.• , 21£0'7 • . OtOilS • T• • . 04 lil2• Tiil• Tk 
Dl•Dl•f 1. •W•02 l/D:J/f 1. ·W•Dil) 
DINS ( L) •~9/DS /'t8fl!F 
1tM2 (LI •AH2•Dlll ~ f !H2/fl/TK ( !.. ) ) 
!ICU: (&.1 •Alll•D!IP I •EAX/,._/TKI L J) 
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... 
••• 

kADK"' IL I •AJlD~• De:>r~ I rttD~Ot/Tll: IL 11 
lf (Hl.10.0I GO TD za4 

. ....................................................... . . 
CAl.C:ULATf OUTLET CDNC!NTlllATJOfrt Clt•,CNICJtl 

• CG1•4•flTIMAT!D VALUl!S fO<CC<CJtl I 
• CP1•••CALCULAT.ED "ALUl!S C,.•l'CN(C:Cl 

C'C: l.S A.0.,,IUSTID BY Ol!:CJllASING INCll:EMl!NTS UNTIL TM! 
JNC'llleMIMT lS LISS TlotAN 0.001._ Of" THE VALUE Q,. CG ......................................................... 

141 LIO 
14S L•L•1 
147 C-STOIU! •0. 0 
UI f. 11. 0 
t41 MAX•IOO 
110 MAXE•IO 
tl1 kOWNT•O 
111 KOWNTtkOWNT•1 
tlJ CCt•CRl 
tl4 OIL•CJl1/tO. 
111 1' (KOWNT.C,f MAXI!} GO TO 215 
, II c, 1 I CJl 1 • I c'" 1. c R 1 ) • 0 l D GI c: It 1 11:: en II ( KJlOIOI• ( L ) • E - 1 . I • Wf. s ( L I• •• 100 •• 

• KJl XI L J • KH 2 I L I• IOtD "'I L JI AL HS 't' ( l l /VII: I DI NI ( L ) I t 1 . + KH 2 I L ·1 • S I L J ) / 
• (KltDKP CL l•E· 1.) 

1Si KDUN1 ~o 
151 k0UNT•KOUNT+1 
1!51 CG2•CGl·DEL 
110 H ICG2.Ge.DAISIDl!Ll) GO TO 245 
Ill DIL•OEL/10. 
112 GD TD :142 
113 CF 2 i Ctl 1+ I C' l •C ll 1 ) s.O L OC l CJl 1 / C G2 ) I (KA DK fl I L l .. ! • t . l ·WT• SI l J •!a 1 00. • 

* Kfl II I L ) • KH2 I L ) • K·tlD KP l ·L J /-AL HSY I I. I/ VR I DlffS l 1. } / ( 1 . + KH2' L ) • S ( L J ) I 
•0::ROK,.1Ll•E·1.) 

114 IP' fii;:OUNl.GE.MAXI GD TD '211 
111 JP' (CF2.Le.CIU.AND.C,2.G!.O.OI COD TO 215 
111 1P'IDAISICG2•Cfl'2J.LT.DAISICG1·C,.1ll GO TD 211 
111 D!L•·D!L/10. 
111 CC1•CC2 
111 cr1•c'2 
110 CO TO 2&0 
111 D!L•DIH/lO. 
112 cc3~cc2-D!L 
111 CG.t•CC2+D!L 
1'14 IP' (CC2.L!.0.0) CGl•0.000001 
115 IP' (CG4.L!.O.O) CGA•0.000001 
1'71 C,.3•CJt1•fC,1•Clll:1 )•Cll.OG(CRl/CC3)/{Ktl01(,(L\•!•1. )•WT•S(i.)•!!• !00 • 

•KJlX I L ) • KH2 f L I• K RD Kfl ( I. ) I AL HS V l L I/ YJl /D!NS I L I/ I 1 . •KK2 IL I• S·I L ) JI 
•I kltOICP IL l • E • I . l 

t ?T CF 4 1 Cit 1 + I C P 1 +Cit I ) • 0 LOG ( Cll 1 IC Ki4) /I KRD KIP I L I • E,. 1 . l •WT• SIL ) a! a t 00. • 
•KRX t L l • KH2 ( L ) •KAO K, ( L. I I AL HS V l L ) /YR/ D •HS ( L I/ I I . •ICH 2 ( L ) •S (L ) ) / 
• ( li:ltDKP ( L l •I· I . I 

1'11 H 'DAIS(CCi2•Cfl'3J.LT.-DAl5lCG2·Cl"41) GO TO 2'7S 
111 DEL••D!L 

110 
II• 
112 
113 
114 ... ... ,., ... 
"' ... ... ... 

... ... ... ... .. , ... ... 
••• 
201 
202 
20• 

••• ••• •01 .. , 
••• IOt ... 
2t1 ... ... ... ... ... .,, ... ... ... ... ... . ., 

c 
c 
c 
• c 
c 
c 
• • 

.,. 

.,. 
202 

••• 

... ... 

. ., ... 

... 

... ... 
211 

210 

CGI •CC2 
CGZ•CGl•Dr::L 
IF ICG2.LE.O.OI CC2•0.000001 
KOUNT•KDUN1+1 
CP'I •C1l1•(C,1 +C"1 }•OLOCI Cit I /CCI )/(KllOKP1 IL) •I!• I. J •WT•S( LI•!• 100. 

•KR x ( L J • Ktl 2 I L J • KllOf<P ( L I I A LHS V ( L )/VA/ D!NS I l l I I 1 . •K H 2 t l J • 5 l L I ) I 
•IKllt.DK'lL)•E•I.) 

CF2•C" 1+( ci-1<1-C:RI I •OLOC I CR1 /CC2)/(Kllt.0K' ( i. )•£· 1. I •WT•S( L i•E• 100 . 
Sll:U: IL I •KH2 {L l•KltO·K' IL. l/AL.KSYI l.)/Vll/DIN$( LI/( I. +KH2l L )•SIL.) J/ 
• ( K•DK" IL J • E • 1 . } 

IP' (KDUMT.CE.MAX) t;O TO 28'5 
IF (1Ctol•C,.1)•1CG2•CF2}.LT.O.O) CO TO 210 
GO TO 2-,0 
DEl .. DEl../10 . 
JI" !DA8SID!L/CG21.L.T.0.10•01} CO TCI 211 
H lDA8S(DEL).LE.0.1D•11) GD TO 211 
CO TO 2'70 

• CALCULATE IPPl!CTJ1'1!.Nl!SS P•CTOll • 

TlltTKILl/TC 
DO 211 1.•1,N,.TI 
TJ:ITK(Ll/TC 
CG2•YI L l 
IP' (Tll.\.1.D.9tl CiO TO 211 
WtllTllKW,21i)T"-
P'DRMAT(/////10X. 'THE ll!DUCIEO T!M,.lJ:ATURE 1',l'I. 1,:J),'IS A8DVI TH! 

•ACC!,.TAILE M•X1MUM .IH TH! VlSCOSITY CAL.tULATlON. ',////) 
O•TC••(1./l.}/MWB••O 5!"C••t2./l.J 
'fOltD.OfSti4· .0213~•Tll• 00'7S•'l'lt•Tll 
Y02•.042SS2• ois74•Tll•.Ol40•iJl•UI 
'115( L) r I YQ l•W•V02 I /O 
IC I 1 I 1 . • ( 3 . •YI/YA I • • { :2 • / l . I I • KNUM 
DAI ( L I • K 1 • T K ( I. I I Y 1 $ I I. I I VA• • I 1 . / 3 l 
Oflt'P'(Ll•YF•OABfL)/TOJl:•f1 •SIZ/l'RA0)••4. 
ICDa•DLDCICJI: I /C:::.2 l •.:1.LHSY! I.) 
H•CRAC•{KQl/D!f',ll..}/31·00 l••0.5 
11 I I. I• :.i. /H/H• {H• I (D!XI" I Hl•Dl!JCl'( •H) l I !Dl!XPIHJ •Cl!X, (·HI)) .. '. I 
CONTI NU£ 
H IHJ.E0.01 GO TD 311 
II' (DAeSU>E1(Lll/1!.1ILJ.1..T.0.000002l to TO 210 
11' IOAISl!DL·O·'E1(LIJ/l!l(L).LT.0.00000%} CO TD 210 
CSTO·RI! •CC2 
IOLD•E 
l•EHL) 
CO TO 231 
JP' (ir;OWNT.LT.MAX!) GO TO HI 
WllJT!IKW, 231 )MAX!. I. 
P''O.MAT(//IX.'THI! MAlflMUM lillJMl!l!R CP''.tl,2k,•tT!RATIONS HAS IEllN', 

•• RIACH!O JH TH! Ef,.!:TJYfN!SS P'.D.CTO._ C.&LCULAllGN !'Oil '01NT'. ll} 
If' IKOUNT.l.T.MAI() l:OD TO 211 
WlllTl(KW,250IMAX. I. 
f'ORMAT{//IX.'THE MAXIMUM lilUMl[R DP'',ll,2X,'JTEll.ATIONS HAS ll!!N°, 

a• ll:l!ACH!O IN THE OUTLET CONC. CAl.CULATIOH LOOP f'Olll l'OINT'.Ill 
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22' 211 C21L)~::.c2 
:.'.2S II" IL.LT.NPTS] C.0 TO 2::10 

• WlltfT[ K!NfT1C MODEL IHP'OJtMATION • 

22f: WS::1'tEfKW,310J!IU',!H2.!R.0" 
2:;-7 J10 FDRMA":'! 1Hl //Ill, 'THIS 'JlOCll:A"'°' ti!Nl!ltATl!!S A S!T OP" OUTL!,. REACT 

•ANT CONCE'iTR.ATlOHS C1V'!N TE~PfR~TUR!, Plll!SSUll!, ',//5'C 'LHSY. AND ·1 
•NLET ~Et.C:TANT CQNCfNT.ll.GTlONS til'llEN Ap.j !NT!GllAT!O ".Alf !QUATION AN_D 
* JT5 R.t..Tf CONSTANTS ',//Slt,'l'l' THEN l"ITS A klNETIC MOO!L !OUATIQN 
•TCI THl:O SET 01" HVPOTMETJCALLY CENE.llATfD DATA.', 
•//////SX, ·roR THIS CAS! : ',///Sit, 'llE&.CTIDN .. 
•CTIVATJON EN!RCY 1• ,Fli.2, 111,'KC.t..L/CMQL[',/IX, 'HYOltOCEN HEAT DI" AO 
•SDRPTION •• ,f'li.2, 111:, 'KCAL/CMOLE.' ,/'SX, .... oout:T HEAT OF AOSD•PTJQN 
tl' ,FS.2,lX,'KCAL/CMOLE',/51(,'REACTA"IT HEAT OF ADSORPTION r',,.1.2, 
•U:,'KCAL/CM0LE'.//5lll, 0 AOSORl'TION Ill.AT! CONSTANT RM.TIO k•H: (t/MOl 
•E:':. H2) l<•l'ROOUCT 11/MOlE" .. H2S) 1 '·''· 1./J&:ti:, 'l(•H::Z ( t/MOLE".. 
• H'i) K•REACTANT (1/MOlf'~ DBi) 1 . Fl l,/Sk.'F'Dlt A lt!,ERE~C! 
• VALUE For< t(·H2 • ', lP09 J, 1K.'1/l'SI AT fi25K .• ,//_Sx.·wr· .. IS TH! w 
•EltHT PEA.CENT 011' !Ll!MENTAL SUL,UR IN TH! eULll "LUIO. './////) 

2 2 a J 1 t WR 1 TE I kW, J 1 2 I 
2211 312 l"OAMAT{tM1./////Sk.'THtS .. ROC:RAM SHCWS THE AllLITV O!' THI! DJBENZQT 

•H10PH£11E kOS MODEL TO FIT NON·ISOTH!RMAL DATA. ',//Sk, 'TH! VALUES 0 
1tf' THE MOC.Ei. PARAMETERS AR£ f iXEO AT THCSE 'IALUtS C!!ITALNEO FR:QM LIN 
•EAR FITS',//Sll,'TO TH! ARRl'IENIUS PLOTS Q• ll,ICH, ANO 11.R/ICP ·.//SK,' 
•THESE t.RRH!NIUS PLOTS WERE DETERMINED IV THE JSDTt1ERM4L C:ALCUl.ATlO 
•Nor THE THREE l(J'NETIC PARAMEHR.S './//SX, 'WT". JS THE WEIGHT PERCE 
•NT Ol!!IENlOTH:OPl'tfNE lN THE !!UL!<. l"LUIO. ') 

230 314 WRTTE'jl'W,315)CltA0•20 .~RAD•2. ,VF.TOR 
231 315 FORMt.il///SX. 'CATALYST ,.P.O"ERTIES Alll! • '//ax, 'll'AA.TlCL! DIAM!'T?:ll: t 

232 
233 320 

20• 
23' 330 
2>6 
23' 
238 

23• 340 
2•• 300 

... 
2'2 
2'3 ... ... 100 ... 400 

'" 2 .. 
2 .. 
250 ,., •o• 
2'2 
213 ... •o• ... 
••• 100 

217 ... ... 

•'.FS.2.1X,'IMMl',/8X,'AVEi:l:AGE PORE DlAM!TEll: 1'.f'C 1,1X,'1ANGSTltOM$ 
•)',/IX,'VQ10 l'ltACTIDN 1',Fi.3,/tX,'TOP.1UOSITY FAC'TOlt •',l'i.2,////) 

• Wit l TE C!NEltATE·D DAT A fl'Olt TM I$ SIT • 

WA.JT!(KW,3201 
"01tMATf&X,'RUN',$X,'T!'MP',5X,'"lt'ESS',5X,'LHSV',IX,'H::Z SOLUllLtTY', 

•tiX,'tfl'F OIFF',fiX,'!l"I' P'ACTDR'.SX,'IN CONC ',IX.'f'IN. CONC.',/"11, 
•'(F}',7X,'l .. Sl)',SX,'{1/HR)',11X.'IWT%.)',71(,'($0 CM/S·Ec:1·.22x.·1wT 
• ... )',10X,'(WT ... )',/) 

CO 350 L~1,Nll'TS 

Y1L)•C2(LJ 
C2Dll}:Y(I.) 
c 1ILI•C:R1 
WA. I n: (KW. l 40 )L • T ( L l ~ "10 .• p I L I 'Al. HS v ( L l . s' L l . DE," ( L J • r 1 ( L I • c 1 I L l . y I 

•LI 
FORMATISX, 15,l'tO. t,1'11.1.F10. 2,iX,!ittS .·I) 
CDNT I NUE 

CMUUO. 10•01 
CMJN:O.O 
NOA.T•NPTS 
00 iOO .JI 1, NDAT 
JF IC20(,J}.LT.CMlN} Nll'TS•NPTS•I 
C:At.l ST!P'T l!Xf'IT) 
Cl!\l •0. 0 
D!YHO.O 
sos 10 0 
DO 405 .JJT,, NPTS 
D!V•D!'l+OAllS I C2C ( JJ I ~t2DI JJ) l /Nll'TS 
DEV 1 •0EV I• OAIS I C2C I JJ) • C2Cl ( J.J)) /N, T$/C'2DI JJ) • 100. 
SOS itSCS+t C2CI .JJ I ·C2'D(JJ) )••2 
CDNTINUt: 
Wltl TE f KW, 500} 
11'0"MAT(1Hl,/////SX,•on!MZOTHl0'"HENE HDS ,.fl:DC!SS MOOEI. l"IT TD NOH~ 

•ISOTHERMAL DATA ') 
WIU TE I r..w. 5 1 O) X I 3 1 , X ( 4 l , IC { 1 l , ll I 2 ) • X I 5 ) , XI I ) , OE 'Y , D f Y 1 , 1'0 BJ, SOS 
l"DR.Mb.T(////SX, 'TH!'. KlNl!TIC: ,All:AM!T!RS W!RE FIXED AT THI FOLLOWING 

•VALUES ·,///Sk.'K',SX.'A • '.E•o 4.Jx,·11wT~'.S)(."!: ·.e:10 .... :n1.' 
•CAL/CMOLE',//'SX, 'I(' .SX, 'AH ~ ',E10 4.J.)(,' I/WT".;.• .5)(, "fH ' ',1!10 ,,3 
•X,'CAl/GMOL!',//$)(,'1(11:/K~',SX.'ARID.": ',!:10 4.tlX,'!11:-E" I ',1!11 
•4,3M,'CA.l/GMCLE',///5)(,'THE R?:$ULTlNC FIT ',//!ill,'Ml!:AN DEYJATION • 
• ",£12.6.//SX,'AVl!ll:A.GI ll'f-C!N1' E.Ji•Ollt : • ,!t2 l,//SX. 'P'Dl.J I •• Et2. 
•l,//liX,'SUM. OF SOUAR!S t ',!t: i,/111///ll/1 

:nl IP ID~ClfR..!0.1 OI GQ TO tili 
J~O 1F (K{&).lT.O t9•t1 GD TD Iii 
211 II" lJll4J.CT.1 0001) GQ TO liS 
2C2 11" IXl4.J .£0 ! .0001) GO TO 115 
213 101 P1.AMISl1. 
214 XMAll.f4)1 10:11 
215 )(MJN{4}t1.0001 
211 XI 1 l•Xt 
217 Xl2l:X2 
21& X[3)•XJ 
211 x I 4 l • 1 • 5 
27CI ,. LAMB I 1 . 0 
2'71 CO TO 400 
272 111 o•DEll:•1.C1 
27::J NYil 
'2"14 "LAM&• 1. O 
215 CD TO 400 
'2? g Ill STD~ 

277 IND 

• END DAT~ Cl!NU•ATtDN l.DDPS • 

tlAT.t. , t TT l NG S.UlttOUT IN! 
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... ... 
210 
211 ... 
213 
2U 

2U 
2U 

217 
2U 
211 
210 
211 
212 ... ... ... ... 
217 ... ... 
300 
301 
302 

303 

••• ••• 
301 
307 
30• 

410 

501 

S04 

••• 

........................... 
SUllltGUT1Nf EH'IT ('tTNI 
IMl'llCIT ltEAl•I (.&•M,Q•ZJ 

lltlAl•a l(RXN, Jl:HYD, Kll:CT, K,.1110 
lll!AL•I K2.K3,kl 
OOUllE l'IHClSIDN l,,.IT,01!11',Dl!•l',,UlCi,,JTM,,I' 
OIMfNSlON ,lTMIJOOl 

COMMON /CSTEP/ XllO),XMAXl201,lMIHf20l,Df.LTXl20J,DELMN(20J, 

•EIUl( 20, 21 I. ,QllJ, NY, frriTRAC, MATltl, MAS!li. { 20 J, 
•Nl'MAX, NP'LA'I', JYAR'f', Nll ltA, l<l'LAG, NORl!P, K!al' l. KW 

CDMNDN /COAT/ '1TIJOO),YjJOOJ.YSlCl300l.NllTS 

COMMON /CSTO'ff./ T("JOl,l'f70),ALHS-.170l,C1(70),Tfll:M(70),'f'l{10),1'1(10) 

' , Al HS\' 1 I I 0 I , E 1 I 7 0 I • 0 A II r '70 I , O!: FF I '10 I , 5 I 'JO I • Y JS I 70 I , T EMI' I 1 o I , : :::: ~ ;; ~ c: ~: : ;~~ T WT • Y ll, HI , l KI 70 I • DI! Y 1 • D l y 2. c 2 t I 70 I , c 2 D 1 70 I , 

OIXP C AllC I •DEX" I ARG I ... 
Ill• t. '''2 
'DIJ•O. 
DO 310 Jll,Nl"TS 
1C.1K• t 
IP' IK.CT.NDATI GO T'D 310 
If IC201Kl.LT.CM1NI GD TO ·UO 
TI ..11 •0. 0 
Yl J J •C2CI I KI 
VSICIJ)•T(J) 
YSIC(..1111 . 
K2•X( 1 l•DEXl"'().(2)/ll/TKIJ) I 
K311Cl3J•OEX"'I ~xi" )/lt/TKIJ) I 
K"•ICtSl•OEXl"'llCll)/ft/TKIJI) 

,,. 1 C 1 l J ) •I C,. 1+C1 I JI l I I K• • f 1 { J J • 1 . I • O L 0 CI C 1 ( JI/ C 2D I J I l • K? •IC 3 • K" ~WT a 

•; ~~M~ ~ ~ ~:; E 1 I J I/ A I. HSY I ..I) /'Ill/ O ! NS {JI/ I I . •K.2 • s I J J J If IC• 1 ! 11 ,,1 J • t • ) 

C2C I JI,,.,. 
.-1UJ•,.08J+ t ( l'l"•T I JI} /YS ICI .JI J .. 2 
CONT I NUE 
lllETUlllM 
INO 

S!NTftY 

THIS Plll:OGJlAM SHOWS TH'! ASJLITY 01' THE OllENZDTHID"HENE HDS MODEL TO !"IT NON•ISOTHEllHAL DATA. 

THI! VALUES OP' TH! MODEL '°AAAMl!TEllS AJlE FIXED AT THOSI! YAl.UES OBTAINED ,ROM LINEAR !"ITS 

TO THi AUl:H'!NIUS Pl.OTS Of K,KH, AND Klll/K .... 

tHIU! A"lllH!lfIUI l"LDTS W!ttE D!T!fl:.MINUl •v THE ISOTHElllMAL CAI.CUI.AT I ON 01" THE THAl!E KIN!TIC "'All:AM!TElll.S. 

WT~ U THE WIJCHT PlllCENT OIBEN?OTHIO,.HENI!: JN THE IULK P'LUID. 

CATALYST PRO,.ERTIES Allll! : 

PARTICLC DUMl!TElll: 1 0.21 fMMI 
AYllUCl P'DlllE DUMETER 1 2:1.0 (l.NCST•OMSI 

VOID l"RAC:1'10N • 0.100 
TOlll.TUOSITY ,ACTOJl • 2:.10 

RUN TRJllll" PRESS LHSY N2 SOLUll!IIl.ITY ••• ourir ••• ,ACTOR IN CONC. 

!Fl I PS 11 11 /Hiit) (WT~ 1 (SO CM/SEC] 1w1-..1 

I •••. 0 210.0 t. 00 o.:nsuo-01 0.371110 .. 01 0. 11 '7300 00 0 2.&3000 01 

• ,,, . 0 210 .0 3 .oo o.::nsuo-01 0. 3i1s10-01 0. tte:iao 00 .2&3000 

• , .. , . 0 2:10 .0 •. 00 O.llS1S0•01 0. :si&6&0•01 0 .tli.650 00 .2C300D 01 

• 1-41. 0 210. 0 I. 00 0.331110•01 c. 311110-01 0. 99ISOD 00 .:UJOOO 01 

• 545. 0 310. 0 1 .oo 0.&11210•01 0. l'71tUIO•OI 0 .111i!o 00 . :UJOOD 01 

• •• , . 0 3SO.O 3. 00. 0 Cll21D•01 O. 37116J.D•OI 0 . 9 t l:Z I 0 0. 2&3000 0 I 

7 IUS.O 310. 0 •. 00 0. •u210 .. 01 0. :sia.110-0& 0 .195110 0 . 2•3000 

• 141 .. 0 310. 0 • . 00 0. •lt210•01 0. 3i1110·01i 0 .11sasc 00 0. 2 &3000 0' 

I l•I. 0 CIO. 0 I . 00 0 .1032iD•o1 0. lil510•01 0 . ttS560 00 0 . 2&3000 0' 

10 ,., . 0 "'0. 0 3. 00 0. 1032,0•01 0. 3i11ao-01 0. llS79C 00 0 2&3000 

II ,,, . 0 &SO. 0 • . 00 0. 1032,0•01 0 .31'1110•01 O.t9S&IO 00 0. 2&3000 0' 

12 
'"'. 0 

•so. o I . 00 0 . 1032,0•01 0 . 371110·01 0.115210 0 2' 3000 o• 
13 112. 0 210. 0 1 .oo 0 .l&ISI0•01 0. 42•010•05 0 . 115300 0. 243C.-00 01 .. ,,2. 0 2$0 .o 3. 00 0. l•ISID•01 0. •2&010•01 0. I IS 2 I 0 00 0 .243000 0' .. 1i2. 0 2SO. O .. 00 0 lil1Sl0•01 0 .&2.1010-05 . ttli2i0 00 0 2"3000 0' 

IS 1'72. 0 250. 0 I .00 0. 3•1'110•01 0 •2•010-01 • 9!5 130 00 0 . 2ilJOOO 0' 

17 172 0 310. 0 ' .00 0 4aS22D•01 0 .•24060•01 .ft4130 0. 243000 0' 

II 1i2. 0 JSO. 0 3. 00 0 ... 15220•01 0 .•%C06C•OI I I &02tl 0.2&3000 0' 

II ,,2. 0 310. 0 • . 00 0 . &&S22D•01 0. •24050•01 0. il9JSSC 2•30¢0 0' 

20 172. 0 3$0 .'Cl I . 00 0 ••s:uD•OI 0 &2&010 • OI 0.113930 00 24300C 

21 172. 0 310. 0 12 .00 0 415220-01 0 •24010·01 0 ts••o•o 24JOOO 

22 1'72. 0 ISO. 0 I 00 0. 123110•01 0 •2•010-01 ttl110 00 .2•l000 

23 1'72. 0 &SO. 3. 00 .. 1%3110•01 0. •240150•01 9 9 JI 00 O.lC3000 

•• 172. 0 ISO. • . 00 0. 123110•01 0 •2•010-05 1t2tiD 0 2 I JOOO 0' 

•• •72 0 110. 0 I . 00 0 123110•01 0 •:uo&o-01 SS2110 00 0 243000 0' .. 572 0 410. 0 12 . 00 0.123110•01 o.•2•oco-01 113000 00 0. 24 lOOO 0 1 

27 110. 0 250 0 . 00 0. 35&010•01 0 &SIOIO•OI 0 • '14 '70 0 2&3000 .. 110 . 0 ••o .0 . 00 0.354010•01 •s•oao-os 0 I I 2230 00 0. 2&3000 0 I 

•• 110. 0 ... . o . 00 0.:154010•01 . •s•oao-01 0.112100 00 0.2&3000 01 
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P' IH. CDNC. 
IWT~l 

0. 1 •'7000 01 
0 191000 OI 
0.211000 01 
0. 22&000 01 
0. 131000 01 
0. 19 2000 01 
o. 2 1 •ooo 
0. 223000 01 
0 121000 01 
0 1•1000 0 I 
0 .211000 01 
0. 220000 
0. I 1 0000 00 
0. 11&00C 0' 
0 . 206000 0 I 
0 211000 0' 
0. , 10000 00 
0. I 10000 0' 
0 191000 0 I 
0. 211 ooc 01 
0 .211000 O• 
0 . seoooo 00 
0. 1 iOOOC 0' 
0 II 0000 0 I 
0 201000 0 I 
0 2 'sooc 0 1 
0. JSOOOO 
0 1 lSOOO 0' 
0.113000 0 I 



MAlilQ.,. 

MASK 

lO 
l1 
l2 
ll ,. ,. ,. 
l1 
ll 
JI 
•o ., .. ., .. .. 
•• ., 
•• •• •• .. .. 
ll 

•• .. .. 
S1 .. .. 
10 .. 
12 
ll .. .. .. 
" .. .. 
•• 

110. 0 
••o. o 
SIO. 0 
110 0 
ltO, O ... 
110. 
110. 0 
SIO. 0 
110 0 
110. 0 
110. 0 
Ito. o 
110. 0 
I 17. o 
I 17. 0 
.. , . 0 
111. 0 
I 11. O 
I t1. O 
, ,, . 0 

1ti. 0 
I '1. 0 
1ti .o 
111. 0 
111. 0 
, ,, . 0 

11'7.0 
I 11. 0 
112. 0 
112. 0 
112. 0 
112. 0 
1'2. 0 
112 0 
IS2. O 
112. to 
112. 0 
162 .o 
112. 0 
112. 0 

210' 0 
:no.o 
250. 0 
:no. o 
:no. o 
350. 0 
310 0 
350 0 
l&O. 0 
450. 0 
ilSO 0 
650. 0 
•so. o 
410. 0 
250 0 
210. 0 
210. 0 
250. 0 
210. 0 
lSO. 0 
350. 0 
:uo.o 
310. 0 
3'!0 0 
450. 0 
&SO. 0 
410. 0 
410 0 
450 .0 
250. 0 
250. 0 
250 0 
210. 0 
lli0.0 
350. 0 
350. 0 
:1150. 0 
450. 0 
&SO. 0 
410. 0 
410 .0 

•. 00 
12. 00 
,, .00 

I. 00 
l.00 

'. 00 
• 00 

, 2. 00 
1 s .00 
3. 00 
I .CO 
'.oo 

12. 00 
11. 00 
l. 00 
1.00 
I .oo 

12. 00 
, 5. 00 
l. 00 
• 00 
I. 00 

12. 00 
1 I. oo 

l .00 
I. 00 
I 00 

12 .oo 
15. 00 
1.00 
I 

12. 00 
IS. 00 
1.00 
I. oo 

12. 00 
, s. 00 
1.00 
I, 00 

12. 00 
11. :to 

IEGIN NDNLJNEAllt 1.1!!'.AST SOUAlilES SOLUTION 

0 llilDID •01 
0 351010•01 
O. JSIOID•OI 
0.111720•01 
0 lt5i2D•OI 
o,19si20-01 
o.11si2c·o1 
0.411720•01 
0 411'7%0•01 
O. 13'731SD•OI 
0.13'7310•01 
O. IJ7310•01 
0. 137310•01 
0 137310•01 
0.3111$C .. 01 
0.311110•01 
0.31Stl0•01 
0.311110•01 
0.311150•01 
O.Sl1%10•01 
0.111210•01 
O.llU10•01 
0.$11210•01 
O.St1210•01 
o. 15'1270•01 
0.11'7270•01 
0. 1572'70. 0, 
0 8572'70•01 
0.11727D•Ot 
o.:U310D•Ot 
0.313100•01 
0.3&3100•01 
0 313100•01 
0.531350•01 
0.131350•01 
0 531350•01 
0. 531310 •01 
0. 111510•01 
0.111110•01 
0.111510•01 
O. llllUO•OI 

0.151010•01 
. 151010•01 
151010·01 

0. 151080•01 
o. 151080•01 
0.1'5!1010-01 
0.451010•01 
0 .1$1010•01 
0. 1510!0•01 
0 1$1080 .. 01 
a. 1saoao-01 

151010-01 
I 51010•01 
ISICIO•OI 
5 IS740•0i 

.111710•01 

.$15110·01 
515710•01 

.515710•01 
0 51$710·01 
0. $15710•01 
o. s11i10-01 

.515710•01 
511710•01 

.51S'71D•OI 
515710•01 

.515710•01 
0.515'7'0•05 
0 515740•05 
o. 1331io ·O& 
0. 1337'70•0& 
0.133770-0i 
0. 133770-01 
0. 1337'70•01 
0.133770•01 
0' 133770 •01 
0. 133770 •01 
0.133770•01 
0.133770•01 
0. 133'1'10•0i 
0. &33770 .. 01 

0.112110 00 
o.tl2S30 oo 
0 912120 00 
0. 111320 00 
0 111910 00 
0 1102'70 00 
0 1101'70 00 
0. 1105 1 0 
0 110610 00 
0 18'7tl0 

181510 00 
181510 

. 111610 00 
181110 00 

. fllliO 00 
0 115100 00 
O.llS270 00 
o 1112ao 
o.11&sao oo 
O.t71210 00 
0.111010 
0.131100 00 
o .1a2oao oo 

.182310 00 

.174110 

. I 71£10 

.17,.520 oo 

.97!10C 00 

0 171810 
0. 9'7'7250 00 
0 9'71260 00 
0.1'78130 00 

I 53420 
1167!.00 00 
919330 00 
170il0 00 

0.952010 00 
0.157170 00 
0 110'710 00 
0.112110 00 

o.1111ao-os 0.201350 01 0.112'710 11 o.:111oto os 0.1:1,,&o 01 I 19'720 05 

XNAX 0.100000 31 0.100000 31 0 120000 11 0.100000 31 0.100000 31 0. 100000 31 

XMIH •O. 100000 31 •O. 100000 31 0.110000 •O. 100000 31 •0.100000 31 •O. 100000 31 

DEL MN 0.000000 00 0.000000 00 0.112110 OI 0.000000 00 O,OOOOOD 00 0.000000 00 ... NPTS • •o I.POMA 300 1.Ll'DMI I 20 NTIU.C MET HD 

Nl"LAT 1 I 1000 MAXIT 1 MXSUI .. 
ClilJT • o.10'7110 00 ltELDF • 0.100000•0'7 lilELMN I 0.100000·07 

PHI {THE SUM 0' SOU.ARES) • 0.23'72115110 04 

0.213000 
0.243000' 01 
0. 24300C 
0.243000 

2•300C 01 
213000 o~ 

. '213000 
213000 0 I 

0 213000 01 
0.213000 01 
0.213000 Cl 
0.2 .. lOCO 01 
0 2•3000 0 1 
0.24300t' 
0 243000 01 
0,243000 01 
O 21JOOO 01 
0.213000 01 
0 213000 
0.243000 
0.213000 
0.213000 01 
0.213000 01 
0.213000 01 
0.243000 
0.2 .. 3000 01 
0.213000 
0. 213000 
0.213000 01 
0.243000 01 
0.21300C 01 
0.213000 01 
0.213000 01 
0 243000 0 I 
c 213000 
0. 2•3000 
0.213000 
c 213000 01 
0.243000 01 
0.213000 01 
0.213000 01 

KALCP • 
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202000 01 
21 1 000 0' 
211000 01 
110000 00 

0 113000 01 
0 111000 01 
0 111000 01 
0 203000 0 1 

211000 01 
170000 00 

0 15,.000 01 
112000 01 
191000 01 

0 205000 
0 '10000 00 
o 132000 
0 I 11000 
0 111000 01 

113000 Ot 
101)000 00 

0 107000 01 
0 113000 01 
O 1ISOOD 01 
0 171000 01 

2ioooo 
I 10000 00 

0.127000 01 
0 151000 01 
o 1&iooo 01 
0 6 30000 
0 I 01000 
0 135000 01 
0 1 55000 
0.330000 
0 750000 
0 101000 01 

129000 01 
I "10000 

0.52000D oo 
0.130000 00 
0. 10'7000 01 

I.AMIGA I 0. 100000 0 t 

CONSTRAINT V101.A'TED llY XI 31. VALUE ltl!SET TD 0.120000000 U USING CUTST!, FACTDllt : 0 110110 00 1 T!ll. 

MAXJMUI'! NUMBlJt OF' IT!RATJDNS llEACHl!D IN MA1'0. MAXI T 1 

1 lTEltAT IONS ... .. , 203191300 01 ,.MC.N I 0. 100000 01 LAMISDA 1 0. 100000 0 1 

•ORM OP SCALED C.RAOll!NT Vl!CTOlil ~ 0.421110 02 

JI: 1 O.tllllOOC•OI 0.20931'700 01 0.12000000 1C 0.31101'700 OS 0.13,,1000 01 •0.111'7l&OC 01 

10 ,, 
12 
1l ,. 
11 
11 

" 11 
11 
20 

y t ... l 

0.1,lllllOE 01 
0. lllltttOE 01 
0.2111ttt01! 
0.22Sltll0£ 
0. 1311 ltlO! 
0.19119110[ 01 
0.2l311tl0! 01 
o.222t11.soe. 01 
0. 127119tO! 
0. 11111t 101! 0 1 
0.210tlttO! 01 
Cl.21111190£ 01 
0 IOttllllOE 00 
O 17399190E 01 
0 20511190£ 01 
0.21111110£ 01 
0 70lilllOE 00 
o. 1519111tOE 
0. ltlllllOlf 01 
0.21011110!: 01 

'"1T(JI 

0 155111110 01 
0 198Jt S 110 0 1 
O 2117292 H1 01 
o :::2s:11soo 01 
O. 1S09a906C 01 
0 19 2 112170 
0 21J1:i:i01C Of 
o 222521110 o~ 

1.&t!tt7,ID 01 
I 87871110 01 
210511150 

o 21aa:1s70 01 
1I1920980 01 
211::12g31c o 1 
2J20tll 5SD 0 1 

o 232512•,.o 
0 1'7f917tl90 01 
0 212!23020 01 
0 22&111•20 01 
0.230133110 

Y ( • .11 ·P' IT I J l 

•0.819110·¢1 
0 G.03&20-02 
0 270110-02 
0 'l'12120·02 

·O 111a10 00 
•O 112560•02 

O I 709 JO• 02 
o.•111so-02 

·O 1UllO 00 
1'71200•02 

0 ISS 1I0 •02 
0 117010•01 

IS9 21 c 
•O IJ3:.IO 00 
-o 21oasc oo 

l SS I JO 
105990 

•O 1211230 
•O ll tltD 
•O. 111330 00 

YS I Ci I.JI 

100000 
100000 0, 

0 100000 01 
100000 01 
100000 0, 
100000 01 

0 100000 01 
!OOOOC 
10000~ 01 
1000('10 01 
100000 01 

0 100000 01 
100000 01 
100000 01 

0 1 0000:: 
0 10000:0 01 
0 100000 01 
0 100000 01 
0 IOOOOC 
0. 100000 

IV•FITl/YSIC 

ICtllC•OI 
C. 503620•02 
0 2701•0·02 
0 712420•02 

•O 141110 00 
•O 152510·02 

0 170930•02 
O 1.,l!S0•02 

•O 119110 00 
•O 17;200·02 

0 155110•02 
0 1 t7010•01 

15921 c 00 
•O &33;'90 00 
•O 2SOISC 00 

155130 00 
•O 1 OS91C 
•O 12t2JO oo 
•O 291&10 00 
•O 111330 00 



2t .. .. 
•• .. 
•• ., .. 
•• 20 
ll 
l2 .. ,. .. .. ., 
31 

•• •• 
" '2 .. .. 
•• •• 
" •• .. •o .. 
'2 
S3 .. .. .. 
" .. .. 
•• 
" '2 .. .. .. .. ., .. .. 
70 

0.2UllttO! 01 
O.S'JtiltlOE 00 
o. 1 sooooooe o 1 
0.11tllttOE 01 
0. '2'01511110[ 01 
0.21411110£ 01 
0. 34111190E 
0. 13411110! 01 
0.112tl910E 01 
o.201stttol! 01 
O.Z10llllOE 01 
0.21'ftttlOE 01 
0.111tttl0f 00 
0.11211110!: 
0 11i711110f: 01 
0.110tlltOE 
0.,0211110£ 01 
o.21otttlOE O! 
0. lltttttOE 
O.tlCllllOl 01 
0.1&1ttltOE 01 
0.11511110£ 01 
0.20411110f 01 
0.15111110! 00 
0. 13111ltO! 01 
0 11311°110! 01 
Q.11019190£ 01 
0. 11211110£ 01 
O.:UttlH'OE 00 
0. 10Ull!IOf 01 
0.142tll10E 01 
0.llo4!11llOE 01 
0.1'ftll990E 
0.21111110[ 00 
O.l'ftltttOE 00 
0.121911101! 01 
0 15015110! 01 
0.11191110! 01 
0. 121 llllOE 00 
0.107111101! 01 
0.1JStlltOI! 01 
0.15&11110! 01 
0. 32111110£ 00 
0. 75000000!!' 00 
0. 10Slll10f 01 
0, 12lll!IOE 01 
0. t llllllOf 00· 
O,S1tlt910E 00 
O.l:ZlllllOE 00 
O. 10111tlOE 01 

0' 231113360 01 
o. 111111110 01 
0 2131JIC20 01 
0.22300JCOO 01 
o.221•s1210 01 
0.23:tS21500 01 
0.201253000 02 
0. I 2113•'700 01 
0.135'771100 
0.7llllOCIO 00 
O. talC::l7t40 
0. 115014200 01 
0. 318333250 02 
0. 2SJllOOCD 01 
0.125111120 00 
0.13S210C'D 00 
0.1131JttC1D 
0.1'7Cll521D 
o.•2t7221SD 01 

•O. JC1S~7390•01 
0. •'73221130 00 
0.1117'711'10 
0. '1'71St:ZltD 00 
O. tt.•'15CllO 01 
0.171110430 01 
o.11••01120 01 
0.20139711CI 
0 211276000 01 
0 1'72&017'50 01 
0.111113500 
O US7011'SC 01 
0 l'tl0'11~40 01 
0.202772160 01 
0.111110760 01 
0.1U433310 01 
0.177071000 01 
o. 1113(;3140 01 
O ttSl4S2fiD 
0.270191100 00 
O.l'Jl120170 00 
0. I 2 2-1 "7 S 1 1 0 O 1 
o.1••132320 01 

·o.2a11&t'7SD ·o_o 
o. c:Jl7&41JD 00 
0.1112Ut70 00 
0. 11371111D 01 

•O. C31~S0410 00 
O. llll 12SS0•01 
O.SCllllSID 00 
o.&70113310 oo 

NUMIEJl O" DIGlltf:ES OF 1"111..l!iEDDM • 0.110000 02 

lt.M.S. SC&Ll!O Df.Vl.A,.ION OF DATA '111..DM l"IT • O.SClllO 01 

MAKlMUM SCALID DEYlATJON a O.l1••3D 02 

SUlllll..DUTtNr MOEIUt, 

OS.AV (l'T•I', SCALED. W!iE"kE I' JS TttlE JACOl1AN) •. 

0.10000000 01 

NUMIElll.. OP" DEG"-l!l!S O·I" '•IEDOM (N.D.F. J ' !Nl'T$•NACTV) • II 

•0.1111lD 00 
•0.110120 01 
•O.l:StllD 00 
•0. Jl0030 00 
·o.22•s10 oo 
·O. 11S2'70 00 
·o.20S'7SO 02 
O.SllS2D .. 01 
0.111•2001 
0.1211&0 01 
o. 1&5&20 oo 
0.102110 01 

•O. 31&•30 02 
•O. UOISD 

0 tOS•&C OT 
0.127&7001 
0,1'11'0 01 
0.12353001 

·O. 332'720 01 
0 110&20 01 
0. 134110 01 
0. 121320 01 
0. 121740 01 

•O. 117ISD 
·0.•75100 
• 0. 30&020 
•O. 253110 00 

•O. 1J2 4 1 0 01 
·0.118140 00 
•O . .&270'0 00 
·0.300720 
•0."237"120 00 
•O 138110 01 
•O. 71•330 00 
•0.100'?10 00 
•0.373,4D 00 
•0.2114$0 00 
O.JS!l300 00 
0.201010 00 
0.133250 00 
0.101&10 
0,57&110 00 
0.311210 00 
o.tt•7ao 
0.112030 00 
0.108350 00 
O. 4S3o•t 00 
0.2&J41D 00 
0.1'131D 00 

o. 10000D ot 
0 100000 01 
0 I 00000 01 
0. 100000 01 
0. 100000 01 
0.100000 01 
0. 100000 
0. 100000 01 
0. 100000 01 
0. 1 00000 01 
0 100000 01 
0 100000 01 
0.10000D 01 
0. 100000 
O. 100000 Ot 
0.10000001 
0. 100000 01 
0. 100000 01 
0 1 00000 
0.100000 01 
0. 100000 
0. 100000 
0.100000 01 
O. IOOOOD 01 
0.100000 01 
0.100000 
0.100000 01 
0.100000 01 
o 1 ooooa 01 
0.100000 01 
0. 100000 01 
0. 100000 01 
0 .10000D 01 
O.tOOOOO 01 
0.10000001 
0.100000 01 
0. 100000 01 
0.100000 ot 
o. 100000 ot 
o. 100000 01 
0.10000001 
0. 100000 01 
0. 100000 
0.100000 01 
0. 100000 01 
0 100000 01 
0 100000 01 
0.100000 01 
0 10000D 01 
Q.10000CI 01 

EU1 ECTID YALU! OP' lt'Ht • N.D.f. l'LUS Diil MINUS SOllT(2aN.D.!l".J • 

ACTU.ll VALUE OF PHI • 0.203110 04 

It l'LUS Oil MINUS 0.11'1•'70 02 

RUCALJNC FACTOlll • SORT(PHl/N.O.I".) • o.SC3SID 01 

MAXIMUM. VARIANCE INFL.ATJON P"ACTOlt. • 0.100000 01 

APltROXIMATE STANDARD ERROR.$, •• , 

MASK' J) 

0 

x I .I) 

0. '11410000·01 

o. 2ot:u1110 os 

G. I 20000000 

0 0.~14·011110 OS 

0. 131'110000 01 

•0.11t'11&010 OS 

LOW!tt TJUAN~l.E 0, THE CQIUl.!LATION MA.Tiit.iX 

JC •••• 

MASK(KJ. 

MASKf.I) 

0. 000000 00 

0, OOOOOD 00 O. 000000 00 

0 

IR1'0R 

0. 000000 00 

0. 000000 00 

0.1'1?110 12 

(I .000000 00 

0. OOOOOD 00 

0. 000000 00 

0.000000 00 0.000000 00 0. 100000 01 

arscAL10 
t:ltROll 

0. 000000 00 

0. 000000 00 

0, 1121U'I 12 

0. 000000 00 

0. 000000 00 

0. 000000 00 

0. 000000 00 0. 000000 00 0. OOOOOD 00 0. 000000 00 

0. OOOOOD 00 0 000000 0. 000000 00 0. 000000 00 0. 000000 00 

0. 000000 00 0. 000000 00 0 000000 00 0. 000000 00 0. 000000 00 0. 000000 00 

•O 111130 00 
.. 0.l108100T 

CJ13&0 00 
·0 330030 00 
•0.224510 00 
•O. 11S270 00 
•O. 205'760 02 
O.llSl2D·01 
0.11,a:;:oot 
o. t :za 1 ao 
o. 1•s•20 oo 
0.1029flD 01 

•O.J'l'lC 02 
•O. 1 &0650 
0, IOS•eo 01 
O. ll11.7C 01 
0. 11111 D o 1 
0.123530 01 

·O, 332720 o \ 
0. 110CZD O! 
0. 11•110 01 
O. UC320 01 
0.1:Z77CO 01 

•O. 1&'1'650 
•O, &75100 00 
·O, 30l.02D 
•O, 253teD oo 
•O. lf21'6C 

132-4 1 0 0 I 
•O.Sl!140 00 
·0.427090 
•O 300720 oo 
• 0. 237720 
•O. tl1160 01 
•O. 7143lCI oo 
•0.500710 00 
•0.373&•0 00 
•O. 29 6450 00 
0.3S930D 00 
o.201oeo oo 
o. 13J2SD 00 
0.101180 00 
0.$1695.'.l 
0.31•210 oc 
0. 114710 00 
0 ~52030 00 
0. 101350 
0 &53040 
0 283410 00 
0. 11i31 0 00 
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Ol&l!!NZDTHID,.HlffE t!OS 1'-ROC!'SS MODEL F'IT T'O NON• lSDTHl!RMAL DATA. 

THE KINETIC PARAW.f:Tfl'5 WEiii.£ f'J)CEO AT TH! f'OLLDWJNG YALUf.S: 

A I 0.12000 14 1/WT~ £ i 0.3aC10 01 CAL/GMOLE 

AH 1 0.11450-06 1/WT'".. EH O. 20130 05 CAL/CMOL! 

l<R/K,. AR/Af' ; 0.13150 oa f.R•E,. 1 •O, 119'10 OS 

THE 111.ESULTJNC P'JT: 

MEAN DEVIATION ' 0.1401250 01 

AVERAGE ,.flt.CENT EltRDR r 0. 4&2053tl 03 

,08.J • 0. 2038110 04 

SUM OF SQUARES 1 O. 203611 D 04 

STATU41!NTS EXECUTEDr 1171 & 
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CAL /GMOLI!. 

CDR£ USAGE 

DIAGNOSTICS 

CDM .. lLE TIME• 

Ca.Jett CODE• 'S&&12 ISYT!S,ARRAY Alt.EA• 13111 8VTES,TCITAI. Allt.EA AVAll.AtlLE1 114010 SYTES 

NUMSE'.fl OF' !.llllOlt'S1 0, NUMSEJt DP' WAllN I NGS; 0, NUMll!ll D' EX TENS JONS' 12 

0.41 S!!:C,EXECUTlON T-IME• o.l• se:c. 0. 31 .• , TUESDAY 2& .JUL 43 WATP'IV • MAR 1110 V21.C 

CSSTO~ 



APPENDIX I 

N-TH ORDER GLOBAL MODEL FIT TO NON-ISOTHERMAL 

DIBENZOTHIOPHENE HYDRODESULFURIZATION DATA 
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\ 

IJDI 
c 
c ••••••••••••••••••••••••••••• 
c 
C ••TH O•Dlll GLD8AL MDDIL 
c 
C 11,l•O DATA 
c 
C DJllllZDTHIO,HINI! HOS 
c 
C llDN•JIDTMt:llMAL ,fT 
c 
c ••••••••••••••••••••••••••••• 
c 

JM(ll!t.1C1T ltlAL•I (A•H,O•ZI 
llT!lll:NAL lXI' IT 
oouau: .. u:c:u10H x.l"IT 
COM"40N /CST!"/ lit ( 20), XM4X l 20 I. XMJN f 20 I, Dl!L TX (20 J. DILMHl 20), 

•lllUttzo. 21 J, l""OIJ. NV. NTllAC. MATIU 'MASICl 20). 
•NFMAI, N'LAT, JVAl'Y, NXTll.C., l(f LA~, NO•f P. KEll'L, !CW 

COMMON /Ni. LSI I F LAMI, 'NU, ll!LO,., llE LMN, M!THD, KA.LC', IC.011101', 
•MAI IT, LIEOU, JIOCSUE. Mll'U,D 

I COMMON /COAT/ l"ITl:JOO),Y{JOO),YSIG[:JOOl,NllTS 
' COMMON /tSTDll/ Tl'70),lll'70),ALM5Vl'70J,C1('7'0J,11(70J 
I ltll•I 
I ltW•I 

I~ FL•1. 
11 CALL STS!T 
12 MAllT•200 
l:S NV •I 
14 IMJNll)•O.IDt 
11 XMAXlll)•0.1911 
II 1(1)•0.1111010 
1'7 Xl2l•O.IJ2'7D5 
11 Xl3J•o.,.,, .. 
It 114111.I 
10 NTllAC•O 
21 WlttTl:(KW,40) 
22 40 ,DUllATt l"l, /////SX, 'WT'I. II Wt:JGHT ,UtCl!NT DUlflUOTHtD,HIN! IN TMf. 

•eULK L10UID') 
2:1 WllITt:IKW,10) 
2• 10 ,OU•AT l // // / 1 OX, 'T!M,l!llATUlll' , IX, ''llf.SSUllE' • IX, 'L M'SY' , IX, 'IN. CONC 

•.•••••• ,JN. CDNC.",//UX,'llll',fOX,'l,S1)',10K,'ll/Hll)',tP•.·twn.i 
••, 10K, 'IWT1.I' I 

21 Jl.E&Dtl0:, 100)Nl"TS 
21 100 'OJ:M&T l 111 
2, DO 1!0 Ktl, N'TS 
21 lll&O(tU:, 120JT I Kl. ~IKI, ALMSVIKI .Ct I Kl, YtltJ 
21 120 P"OJIM&Tl'7Jl,S,,O,S) 
JO 1'0 TIKl•TIK)•410. 
J 1 ., .. J Tl (KW, 125 I Nl"TS, [ K. TIKI,, I Kl , ALHSW I IC. I, C 1 (KI , 't ( K J, K • 1, NJl'TS 1 
32 121 flDll04&Tl//IX,15//(1X,JS,1!11.IJI 
J:I CALL STl!Jl'T (!1,ITI 
J• O!V•O.O 
31 '1•0.0 
:11 SDS•O.O 
3'7 OD 130 L•1,Ni1TS 
JI Dl't'•Dl 1hDAISl'IT{L)•VIL)l/N'TS 
JI ,l•lll'!•DAIS(,1T(L) •V l LI J/Ni'TS/Vt I. J• 100. 
tO 1:10 SQS1SOl•l,JTll..1·YILl)••2 

•1 WIUT'llKW, 131) 
•2 131 flDllMAT(1M1,/////IX,'N•TH DlltOlll CLDIAt. MODI!. l"&ll.IMETUtS'I 
4:1 WlllT!(KW,140)X(1},X(2:),X(3J,Xl4J 
•• 1•0 ,DllMAT{///SX,'A' ',1!10 4,3X,'WT'l.••(1•fril]/~SJ••M/Hll',//IX,'! I •• 

•110.•,:SX,'ITU/LflMOLE',//Sl,'M • ',E10 C,//Sx,•N • ',1!10.41 
•• Wll(fltKW, f.iOICIEV,1'!,,0IJ,Sas 
a1 110 ,ORMATl//i/SIC, 'MEAN DIV UT JON • ',!10.4,//Sl, 'A\lt. "IElltCENi E":ROR 1 

• ',110.4,//IK, ''01..1 1 ',110.C,//SX, 'SUM 0, SOU&ll!.S • ',!10.4,////I 
41 STOP 
•I IND 

•I SUlaOUT1NE IEJCll'IT fflITMJ 
IO IM"LICIT ,._IAL•' IA•H,D·ZI 
11 DDUILE l'llECUION l,,IT,OIXl",OEl,,.lllG,,JTM,11', 
12 OJMt:NStON l"ITM{ 1 J 
l:S COMMON /CST!!"/ IC(20l,XM&X!20),ICMJN(20),D!LTXl20),DILMN(20), 

•l.R•l 20, 21 J, '01J, NV, NTllAC ,MA.Till, MASK' 20), 
•NP'MAX, M,I. & T, .J\IAR 'f'. NXTllA, ltl"LAC, NORE'°, KEiln., KW 

la CDMMDJit /COaT/ 'ITl300),Y(300).YS1C(300l,Nlll'TS 
II COMMON /CSTDR/ Tl70J,1'1'70),A1.HIY('70J,C1[10l,X1170I 
II OIXPIAlltl •OIJClll'(AllCJ • ., , •• .,,.0. .. ..., . ,,, 
II DO 200 .t• t, Nl"TI 
10 YllG( .JI• 1.0 
11 YllGIJ)•YIJ) 
12 TIRM• ICI IJl••f I. ·XI 411•X(1 J•Oll"I •Kl2J /ll/TIJJ )•.,IJJ••ll31• I 1. •X(t} 

•J/At.MSVIJI l 
13 " ITlllM.l.T.0.0) T!9':M•O.O 
I• P"ff•TlllM••ft./11.•Xl•Jll 
II PITMIJl•I"' 
II 200 POaJ1,0a..1•(('ff•VIJll/YSJG(.l)J .. 2 
1'7 JIETUllN 
II IND 

ll•TlllY 
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wn JS Wl IGHT ltl llCIM1 D 1 lllZDTH I OIJH!NI IN THI IULK \. IOUID 

11.MPla&TURI P•c11ua1 "HSY ... C.DIC. ,. .. CGNC. 

lal CPIJ) "'"", IWT'll IWTt.) 

•o 

1 0 .100IOD 04 0. 210000 02 0.100000 01 o. z•~ooo 01 O.t4"1'000 •• 
2 0. 100100 04 0.210000 •• 0 300000 01 o. 2c:!OoO •• 0. 1 llOOD 01 

• 0. 100100 o• 0. 2SOOOD Ol 0. 100000 01 0 24'3000 0 211000 

• 0. 100100 o• 0.210000 01 0. 100000 0. 2C'J000 0.221000 0 I 

I 0. IOOSOD o• O. lSOOOD Ol o. 1 oo·o·oo 01 0 . 2•3000 01 0. ·111000 

I 0. 100500 o• 0. 310000 OJ 0. 300000 0. 2 .. 3000 01 o. 112000 , 0. 100SOO 04 0. 310000 OJ 0 100000 01 0. 2•3000 01 0.214000 01 

• 0.100100 o• 0' 310000 Ol 0 .100000 01 0 243000 0. 223000 0 I 

• 0 .100100 04 0. &10000 Ol 0 I 00000 01 0 243000 01 0.121000 ol 

10 0. 100100 04 0. &10000 Ol 0. 300000 0 I 0.243000 01 0. 11,000 01 

" O. IOOIOD •• 0 ... 10000 03 0. IOOOOQ 0.2&'JOOD 01 0.211000 01 

12 o. 100500 04 0. &10000 Cl 0. 100000 0. 243000 01 0.220000 01 .. o. 10:1200 04 0' 250000 Ol o. tcoooo 0 I 0. 243000 01 0. I l OOOD 00 .. 0. IOJ20D o• 0. 210000 OJ 0. 3QOOOO 0 I 0. 24300Q 01 o. 1"1&000 01 

II 0. 103200 o• 0. 2'50000 03 0. 100000 0. Z•lOOD 01 0 201000 01 

" 0. 103200 o• 0. 150000 Ol 0. 100000 0. 2•1000 01 0. 21'?000 01 

17 o. 903200 o• 0. 350000 Ol 0.100000 ol 0.2&3000 01 0. 710000 00 

11 0.103200 04 0. 310000 03 0. 300000 01 0 '243000 01 0. 110000 01 .. 0.103200 o• 0.350000 OJ 0. •00000 01 0.2&JOOC 01 0. 191000 O• 

•• o. 1o:uoo o• 0. 310000 Ol o. t 00000 01 0 . 243000 0 I 0. 2, 1000 o• 
21 0. t03200 0. 3100'00 OJ 0 1 ;zoooc 02 0. 2&3000 01 0. 211000 01 .. 0. 10:1200 o• 0. 450000 OJ 0. 1 00000 01 0. 2•3000 0 I 0.110000 00 .. 0.101200 o• 0. 410000 OJ 0. 300000 01 0 243000 o. ~10000 01 

24 0.103200 04 O.•IOOOD ol 0. ,00000 01 0. 243000 01 0. 110000 01 

2S 0.103200 04 0. &SOOOD Ol o. toooo·o 01 0. 241000 01 0. 201000 01 

21 0. 103200 o• 0.410000 Ol 0. 120000 o: o.Z4:Sooa o1 0.215000 01 .. 0. 101000 04 0. 210000 Ol 0. 100000 01 0. 243000 01 0. :u.oooo 00 

21 0. 101000 o• 0. 210000 00 0. 300000 01 0. 243000 01 o. 1 Jaooo 01 .. o. 101000 o• 0. 210000 o• 0. 100000 01 0.243000 01 0. 113000 01 

•• 0. 101000 o• 0. 250000 03 0.100000 0. 243000 01 0. 202000 01 .. 0. tOIOOO o• 0. 210000 03 0. 120000 02 0.24:11000 01 0.211000 01 .. 0. 10$000 o• 0. 250000 03 0.110000 02 0.24:11000 01 0.211000 01 

•• 0. 101000 o• O.llOOOO 03 0, 100000 01 0. 243000 01 0. ,,0000 00 

•• 0.105000 .. o. :noooo OJ 0 . .300000 01 0. 243000 01 0. 1 l ]000 01 .. 0. 101000 04 0.350000 OJ 0. 100000 01 0.243000 01 0.111000 0 I 

•• 0.101000 04 0. 310000 Ol 0 ,00000 01 0.243000 0 I 0. t t 1 OOD 0 I .. 0. 101000 04 0. 3&0000 Ol 0. 120000 o• 0 '2&3000 0 I 0. 203000 .. o. 10&000 o• 0. 3100'00 OJ 0. 1 SOOOD oz 0 . 243000 0 I 0.211000 01 

SI 0. 10•000 o• o. ••oooo Ol 0 . 300000 0 I o. :Z43000 01 0 .• .,0000 

•o 0. 105000 o• o. •~oooo 03 o. 100000 01 o. 243000 0 I 0. 11'7000 

41 0.101000 o• 0. &10000 03 0. 100000 01 0 243000 01 0.112000 01 

42 0. 101000 04 0. 410000 00 o. 120000 02 0. 243000 01 o. 111000 01 

•• o. 101000 04 0. 410000 03 0. 110000 02 O. 2a300D 01 0. 201000 01 .. 0, 10,"tOO 04 0. 250000 o• 0. 3000CO 01 0.243000 01 o .• 10000 00 •• 0. t0'7100 04 0. 250000 Ol 0. 100000 01 0.243000 01 0. 132000 01 .. 0. 101700 04 0. 210000 OJ 0 . 100000 01 0. 2&3000 01 0. 114000 ., 0 .107100 o• 0. 210000 Ol 0. 120000 02 0.2•lOOD 01 0. TllOOO 0 I •• 0. 107100 .. 0. 250000 OJ 0 150000 02 0.243000 01 0.113000 0' •• 0. 107700 04 0.350000 OJ 0 . 300000 01 0. 2&3000 • I 0. 400000 
10 o. 101700 04 0. 310000 Ol 0. 100000 01 0. 2&3000 0 1 0.101000 0 I 
11 0. 107100 0. 250000 Ol 0 . 100001:! 01 0 '243000 0 I 0. 143000 01 .. 0. 10'1100 o• 0. 350000 OJ 0. 1 20000 02 0 24.3000 0. 0. 111000 01 .. o. 107'700 o• 0.310000 03 0.110000 oz 0.243000 01 0 .111000 01 •• 0. 101100 04 0 • 10000 •• 0. 300000 0 I 0. 24.JOOO 01 0. %7000D 00 .. O. 10,'70D 04 0. 450000 03 0. 100000 0 I 0. 243000 01 o. ••oooD 00 .. 0, 10"r"tOD o• 0. 410000 Ol 0. IOOCOD 0. 243000 01 0. , 2'000 01 
17 0.101'70D o• 0 . 450000 03 0. 120000 02 0. 24.JOOD 01 0. 11tOOO 01 .. O. 10'7,0D •• o. 4So·ooo Ol 0. 1$0000 02 o. 24300·D 01 0. 117000 01 
II 0.112200 o• 0.250000 03 0. 100000 01 0. 243000 01 0.130000 00 •• o. 111200 o• 0' 210000 03 0. 100000 01 o.J4:tooo 01 0. I OIOOD 01 
11 0.112200 o• 0. 210000 Ol 0. 1 ::zoooo 02 0.243000 01 0.131000 01 •• • • 112200 04 0. 21-0000 03 0. 110000 02 0' 243000 01 0.111000 .. 0.112200 04 0. llOOOD ol 0. 100000 01 0.243000 0. 330000 00 .. 0.112200 04 o. :noooo Ol o. 100000 01 0. 243000 0 110000 00 
II 0.112200 04 O. :tlOOOD Ol 0. 120000 02 0 .243000 0. 101000 
II o. f1220D 04 0. 310000 03 0. 1 SOOOD 02 0. 243000 01 0. 12·1000 01 .. O. I f2200 o• 0. •10000 OJ 0. 100000 01 0.243000 01 0.1'70000 00 .. 0.112200 04 0. 410000 03 0. 100000 01 0. 243000 01 0 .120000 00 
II 0.'12200 04 0. &10000 03 0. 120000 02 0. 2•1000 01 0. 130000 00 •• O.t1220D 04 0. 410000 o• o. 110000 02 O ,2,:IOOD 01 0.107000 01 



uao .... 

""'" 
...... 
IMI• 

OILMN 

llGI• NDNL l•l.&a LIAST 10-Ll&IU:S SDLUTION 

0 0 

0.111100 10 0 .1:12,0D 01 0, l'Tl•OD 00 

0.100000 .. 0. 100000 .. 0. 100000 .. 
0.10•000 01 •o. 100000 .. .... • 100000 .. 
•• 111100 02 0 .122700•0':1 0. 1'71&00•01 

0 

O. llltOD 00 

o. 111100 00 

.. •• 100000 .. 
0, 110000•01 

••• •PTS • •o LPOMA • >00 LPOMI 1 20 NTRAC • 0 

11teaor • , •PN.&I • :S2'TI' MAUT • 200 MISUI 

CAIT • O.,O'T1tD oo alLDP • 0.100000•01 •l&.MJll 1 0.100000•0'7 

PIU (THI IUM O' IOU.ARIS) 1 0, 101111110 01 

co•,l•GID WMl.tl TMI STIP llC.&M• IMALL.. 

10 ITIRATIDNS . , .. ••• . 0, IOIOIZl4D 00 PMGN . ,.,. •• IC.I.LID GA&DllNT 'f'ICTOR . ~. 11111D•O'T 

• . 0.11'Tl'T2:SD 10 o.1211:u10 OI 0.11111610 00 0.1:11:11110 

YIJI ''"") Y1.U•PITl..ll 

1 O. HlllllOI 01 0. U11111'1D 01 O.IOJ11D•01 
t 0. 111111101 01 0. 20•201170 01 •0, 12012D•01 

~ o.211•11101! 01 0.22211111D 01 •0.310000•01 
0.121111•01 01 o.221a31a1g 01 .. 0.3A:tllD•01 
o.1is111101 01 o.111•&lllD 01 0.175130 00 
0. 111111101 0·1 o. 113030&10 01 ·0.103050•01 
0.213111101! 01 O. 211111i20D 01 •0.211130•01 
0.222111101 01 0.221217100 01 .221710•01 
o. 12711110! 01 0. 1122731 t Q 00 0. 217'730 oo 

10 0.11111110! 01 o. 112111.,ID 01 0 ilf002·0•01 
11 0.2'10111101 01 0.21'111110 01 -o. 11JIAO•OZ 
12 0.2'11111101 0.221317110 01 -o. 1!U'T2D·O' .. o. 10111110!: 0. "1'11113130 00 0. 1 20320 00 ,. O. 1'7211llOE 01 0.1"1'0117720 01 0. :n 12:30 -o 1 .. 0. 20lllllOE 01 0. 20•2111-10 0 I 0. 170100•01 
11 0.211111101 01 0. 2 t 1510130 o I 0. '11310•02 

" I. ,OlllllOE Oo 0 .·121112110 00 o. 11:u10 00 .. e. tllllllOE oi 0.112131170 01 0.111110-01 

1• o. 111111101 01 o.1tl1•&12D 01 0.311130•01 
20 0.210111101 01 0. 201'110110 01 0.2211•D•01 
21 0. 21111110·1 01 0.2tll710ID 01 0.212110•01 

t2 0.1'71111101 00 0.3&1113110 00 0.2310ID 00 

2" o. 11ooeooo1 01 O. 131111110 01 O. 1&0330 00 

•• 0.111111101 01 0.113023110 01 0 .111100•01 
21 O. 20SllllOl 01 0.201•1•110 01 0. 41:SSl0•01 
21 0. 211111101 01 0.2112•111D 01 0. 371410•01 
21 0.31111110! 00 0. 312301140 00 -o. 32307D•01 
21 0.1:11111101 01 0., 31'33'7240 0 I -o.•33'730·01 .. o. 112111101 01 0. 115112720 01 •0.211270•01 .. 0.201111101 01 0.203013130 01 •0.101370•01 
•1 0. 210111101! 01 0.212413170 01 •O. 1'5320•01 
n 0.217111101 01 0. 2 !12901&0 01 •O. 21011-0·02 
n 0. 1&1111101 00 0.11&10121-D 00 0. 141170•02 
u o.1t21111.oa 01 0. 115&'11410 01 •O :·2&7110 •01 
H o, tl'TllllOI 01 0.111&301&D 01 •O .. 14lOID •O I 
21 0. 110111101 01 O. 1111::100'7CI 01 •O. 1300ID-·02 .. 0.202111101 0 I O. 203&11 IOD 01 •0.&51&20·02 .. o.z1ot11-10E 01 0.210117'71D 0 I 0.102110-02 
•1 0.111111101 00 0.110170110 00 0.112120-02 
40 0.11111110E 01 0. 151132110 01 0.141710·01 
41 0.1111111CE 01 0. tit 131'710 01 0. 111210•02 .. 0. 111111101[ O I 0. 111201100 01 0. 713100•02 .. 0.20•111101'. 01 o.20•011110 01 0 123'140 .. 02 

•• •. 111111101 00 0. 113100110 00 •O, 1'3100 00 
n o. 131111101 01 0 U41103&0 01 •O. 121100 00 
•1 •. 113111101 01 0. 172313170 01 ·0.1313'70•01 .. 0. 110111101 01 0. 111117130 01 •0.'7tl'720•01 .. o. 112111101 01 o. 1112302&0 01 -0.1210•0-01 .. 0.311111101 00 O.IAIOlll.CO 00 •O. 141010 00 
IO 0.101111101 01 0', 20171&20 01 •0.131710 00 
II 0, 142111101 01 o. 1lll417'7D 01 •0.101&20 00 
u I, t·llllllO! 01 0.17311&&10 01 ·0.111&40-01 .. 0. t711tl10f 01 0. , 111•111·0 01 •O. ll&llD•01 .. 0.2lll'lllOE 00 0.31'1114700 00 •O. 111110•01 .. 0.1'7111110£ 00 o. !01110220 01 .. O.U110D 00 
II 0.121111101! 01 o. n11·111ID 0 I •O. 10lalD 00 .. 0, 1SOllllOI! 01 0 111'711100 01 •O t71120•01 .. 0.11111110! 01 o. 1'741431•0 01 • 0 71421D•01 .. 0. 12111110£ 00 0. l:S111lllD 00 0 .114110•01 
10 o. ·101111101 01 .. 121317170 00 o. 1 llllD 00 
11 0.131tlll01 01 0. 1191'73,40 01 0.118210 00 .. 0. 1S.&111101 01 0. 131311&'70 01 0.111310 00 
12 0.321111101 00 0.2'1!,tll&O 00 0.301030•01 .. 0. 110000001 00 0. l,3&15710 00 0.1111fD•01 .. o. 10Stlll01l 01 O. 932a21&'0 00 0.12'7170 00 
II 0. 121111101 01 0. 11A3&1140 01 o. 1a11ao 00 
n 0. 111111101 00 Cl. 114011110 00 O.Sl&030•02 
II G.11111110! 00 o.•12111130 00 0.ll'rtllO•Ot .. 0.121111101 00 0.'7323&:1110 00 0. 171110•01 
•o 0.101111101 01 0. 1&1311710 00 0.120100 00 

IUMal• ·~ DIOR•RS o• P'RllQOM . 0.110000 02 

....... s. IC&LID OIYIATtO• °' O&TA PROM P'l'7 O. ft730D 00 

MAUMUM ICAL.ID DEY UT ION . o. 311420 00 

IUllHUTJMI "'Qt••. ... ., (~T•P, ICAL.10. WHIAI • .. THI JACOIJAM). 
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M•THD • IUU,CP 1 .. 
L.AM8DA • 0, 100000 0 1 

. o. 100000 01 LAMl·DA . 0. 1012.:SD•OI 

00 

YSIC( .JI ['f•,l'T)/YSlG 

0.1&'TOOD 01 0.34%300•01 
0.111000 01 •0.211720•01 
0. 21 IOOD 01 •O. 111010•01 
0.22100D 01 •0.112110•01 
0 •. 131000 01 0. 121070 00 
O. 1120DD 01 •O .1311&D•02 
o·.21•00" 01 •O. 131110•01 
O. :Z2300D QI •O. 10111D•01 
0. 1.21000 01 0. 22•.,10 •• 
0. 11'7000 01 0. 211211:)•01 
0 21 I OOD 01 •O. IOJ520•03 
0. 220000 01 ·O. 121.CID•02 
0 . '10000 00 o. 132220 00 
0. t 7&000 01 0 171170•01 
0 . 201000 01 0 . 1257 tD•02 
0 2 t 700D 01 0. tll210•02 
0.' 10000 00 0. 251430 00 
0.110000 01 o.•IUID·01 
o. 117000 01 0. 111700•01 
0. 211000 01 0 10150D·ot 
0. 21 IOOD 01 0.111110-02 
o .. ·saoooc 00 O. 211•ZD 00 
O. tAOOOD 01 0. l:SISI0-01 

0. 1 IOOOD 01 c. 311130•01 
0. 201000 01 0.220110•01 
0.215000 01 0. 17&1&0 •01 
0. 310000 00 •0.123010•01 
0.125000 01 ·o.i21210·01 
0. 113·000 01 •O. t 112'70•01 
0. 202000 01 ·0.101120-02 
0.211000 01 •0.111''20•02 
0.211000 0 I •O. 1334&0 ·02 
0.110000 00 0 211410•01 
0; t 13000 01 •0 .. 211G71l•Ot 
0. 11.1000 01 •0.111'73D·02 
0. !ltOOD 01 •0.2'T113C•02 
0 . 203000 01 •O . 222170 •02 
o. 21 tOOD 01 0. ill&240 •Ol 
o. t 70000 00 0. I&, 110-02 
0. I $700D 01 0. 13&•10•02 
o. I l?OOD 01 0 &13110-02 
0.111000 01 0 . 401000 -oz 
0. 201-00D 01 0.410110•02 
0.110001 00 •O, 2l27JD •• 0.122000 01 •O. I 1"1110 •0 t 
o.11•00-0 01 •0.111110•01 
0, 111000 01 •O.ll'T08D•01 
0. 113000 01 •0.2'71010•01 
0. 400000 00 •O. l'TZ'T2D 00 
0.107000 01 •0.121'T1D 00 
o. 143000 01 •0.'71111·0·01 
0.115000 01 •0.411.,ID•OI 
o. 171000 01 •0 .315730•01 
0 270000 00 •O . :ussac 00 
0 110000 00 •O. 11-1130 00 
o. 12700D 01 •O. 11103D•01 
0. 111000 01 •O. 17111tl •01 
0 1 siQOO 01 a21i1c·o1 
0. 130000 00 0.111220 00· 
0. 101009 01 'O. u11:ro 00 
o. UIOOD 0. 123720 00 
0.1SSOOD 01 0. 10"7200 00 
0 .33000'0 00 0.133&30•01 
0. 750000 00 0. '11510 00 
0.101000 01 0.1111'70 00 
0.129000 01 0.11:1210 00 
0, 170000 00 0.341ill0•01 
0. 120000 00 0.101110. 00 
0. 130000 00 0.117110 00 
0. 10'7000 01 0. 112710 00 
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