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SUMMARY 

This report serves as a user's manual for the MASBAL computer program. 

MASBAL has three overall objectives: 1) to predict the composition of nuclear 

waste glass produced by a slurry-fed ceramic melter based on a knowledge of 

process conditions; 2) to generate sirrulated data that can be used to estimate 

the uncertainty in the predicted glass composition as a function of process 

uncertainties; and 3) to generate simulated data that can be used to provide a 

measure of the inherent variability in the glass composition as a function of 

the inherent variability in the feed composition. These three capabilities are 

inr,Jortant to nuclear waste glass producers because there are constraints on the 

range of compositions that can be processed in a ceramic melter and on the 

range of compositions that will be acceptable for disposal in a geologic 

repository. 

MASBAL was developed specifically to simulate the operation of the West 

Valley Component Test System, a commercial-scale ceramic melter system that 

will process high-level nuclear wastes currently stored in underground tanks at 

the site of the Western New York Nuclear Services Center (near West Valley, New 

York). The program is flexible enough, however, to simulate any slurry-fed 

ceramic melter system. 

MASBAL simulates the flow of material through the melter feed tank and 

melter of the vitrification system. The program can track as many as 100 con

stituents through the system. These constituents are assumed to be inert at 

all points in the system (i.e., concentrations are specified on an oxide 

basis). Material enters the system by way of the feed tank (slurry transfer 

from the makeup tank), and it leaves the system by going out either the off-gas 

system or into a canister. MASBAL can simulate the addition of glass-forming 

compounds directly to either the feed tank or the melter (these actions may be 

• taken if the feed or glass composition deviates significantly from the target 

composition). The off-gas system is modeled as a sink for components that have 

finite melter decontamination factors. The primary outputs of MASBAL are the 
• 

composition of the glass exiting the melter as a function of time and the aver

age composition of the glass in each glass pour. 
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Because the mixing characteristics of the West Valley melter are currently 

unknown. MASBAL provides several options for modeling flow of material through 

the melter. The melter can be modeled as 1) a single ideally-mixed tank, 

2) two to five ideally-mixed regions in series. or 3) a plug flow region fol

lowed by one or two ideally-mixed regions in series. The best modeling 

approach will be decided by the best fit to experimental data. The relative 

volumes of each region are adjustable for use in calibration/validation 

activities. 

MASBAL is designed to be operated in three modes. The first mode provides 
deterministic predictions of the glass composition exiting the melter as a 

function of time. The key inputs to the program when it is operated in this 

mode are the values of process measurements taken at appropriate times during 
the operation of the system (i.e., actual process data). 

The second mode generates simulated glass composition data that can be 

used to estimate the uncertainty in the deterministic predictions provided by 

the first mode. The process data required as inputs for the first mode are 

also required for the second mode. The parameters of statistical distributions 

that define uncertainties in the process measurements are also required as 

inputs for the second mode. Each process measurement is treated as the mean or 

mode of a statistical distribution that is assumed to contain the true value of 

the variable being measured. Measurement errors are simulated by randomly sam

pling these distributions; the values returned from the distributions are used 

in subsequent mass balance calculations as the true values of the measured 

variables. MASBAL can be run repeatedly in this mode to generate glass com

position data that are distributed randomly about the deterministic predictions 

of mode 1. The absolute differences between the data generated in mode 2 and 

the predictions of mode 1 provide a measure of the uncertainty in the 

deterministic predictions. 

When MASBAL is run in the third mode, the program generates its own feed 

composition data by randomly selecting the composition of successive batches of 

feed from statistical distributions defined by the user (the concentration of 

each constituent in the feed will be taken from a distribution that has a mean 

or mode of the target concentration). All process measurements are simulated 
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by randomly sampling statistical distributions that have means or roodes equal 

to the sirrulated values of the process variables being measured. The simulated 

fluctuations in the feed composition and errors in process measurements cause 

the calculated glass composition to fluctuate randomly about the target com

position. If the process measurements are treated deterministically (i.e., if 

the standard deviations describing the measuremerit errors are set to zero), 

then the absolute differences between the stochastically generated data and the 

target glass composition will provide a measure of the inherent variability in 

the composition of the glass as a function of the variability in the feed com

position. If, on the other hand, the composition of successive batches of feed 

is treated deterministically, then the differences between the stochastically 

generated composition data and the target glass composition will provide the 

same information that is provided by the second mode of MASBAL. The advantage 

of running MASBAL in the third mode is that the user can run the program with

out having to supply process data (all that is required are the parameters of 

distributions that describe feed composition variability and uncertainties in 

process measurements). This feature gives MASBAL the capability to simulate 

thousands of hours of operation of the melter system, and thus makes it 

possible to generate enough simulated data to make reasonable estimates of the 

confidence limits associated with either the predicted or the target glass 

composition. 

MASBAL consists of PNL-developed FORTRAN subroutines that are integrated 

with the SIMAN simulation language. SIMAN offers 1) a differential equation 

solving algorithm for solving the mass balance differential equations that 

describe the time dependent concentrations in the system, 2) the capability to 

model discrete events that interact with or change the values of state varia

bles in the system (e.g., the starting or stopping of the flON of feed to the 

melter, and 3) the capability to randomly sample statistical distributions. 

The random sampling of statistical distributions is an essential feature of 

MASBAL when it is operated in modes 2 or 3 • 

v 



This report provides a complete description of the features of MASBAL. 

Each of the input and output files is thoroughly described, and instructions on 
how to run the program are provided. Examples of each of the input and output 
files are included in appendices. 

vi 

• 

,, 

• 



• 

• 

• 

CONTENTS 

SUMMARY •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

1,0 

2,0 

3,0 

INTRODUCTION ••• 0 •••••• 0 ••••••••••••••• 0. 0 •••••••••• 0 •••••••••••••• 0 0 

SOFTWARE DESIGN ••••••••••••••••••••••••••••••••••••••••••••••••••••• 

2 .1 

2.2 

2,3 

2.4 

2.5 

2,6 

DESCRIPTION OF THE PHYSICAL SYSTEM ••••••• 0 ••• 0 •••••••• 0. 0 •••••• 

ASSUMPTIONS ANO BASES • 0. 0 ••• 0 0 ••••••• 0 •• 0 ••• 0 ••••••• 0 •••• 0 0 ••• 0 

MODES OF OPERATION ••••••• 0 •• 0 ••• 0 0 0. 0 •••••••••• 0 ••••••••••••••• 

MASS BALANCE EQUATIONS ••••••• 0 •• 0 •• 0 0 •• 0 •••• 0 0 ••••• 0 ••• 0 •• 0 •• 

2.4.1 

2.4.2 

2.4.3 

2.4 .4 

Mass Balance Equations for Ideally-Mixed Regions • 0 0 ••••• 

Mass Balance Equations for Plug Flow Region 
in Me 1 ter •• 0 ••••••••••••••• 0 •• 0 •••• 0 ••• 0 •• 0 ••••••• 0 ••••• 

Changes 
of Feed 

of Melter Regions as a Function in Mass 
Rate ••• 0 •••••••••••• 0 ••••••••• 0 ••• 0 ••••••••••••• 

Off-Gas Calculations .................................... 
SIMULATION OF THE SYSTEM ....................................... 
2 .5. I Use of SIMAN ............................................ 
2.5.2 MASBAL Implementation ................................... 
2.5.3 State Variables ···•····································· 
2.5.4 Stochasm in MASBAL ...................................... 
MASBAL FILES .................................................. 
2 .6 .1 Special SIMAN Files ..................................... 
2.6.2 Versions of MASBAL ...................................... 

lNPUT FILES ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

3 .1 MODE ,OAT ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

3.2 DESlGN.DAT ••••••••••••••••••••••••••••••••••••••••••••••••••••• 

3,3 lNIT,DAT ....................................................... 
vii 

i i i 

1 .1 

2.1 

2 .1 

2.3 

2.4 

2.9 

2.9 

2.10 

2.ll 

2,14 

2.16 

2.16 

2.1e 

2.24 

2,27 

2,27 

2.2e 

2.29 

3.1 

3.2 

3.5 

3.6 



4.0 

5.0 

6.0 

7 .o 

8.0 

3.4 FEED .DAT ••••••••••• 0 •••••• 0 ••••••••••••• 0 0 •••••••• 0 •••••••••••• 

3.5 POUR .DAT • 0 •••••• 0 •• 0 ••••••••• 0. 0 ••••••••••••••••••••••••••••••• 

3.6 BATCH.DAT .....•................................................ 
3.7 MAKEUP.DAT •••••••••••••••••••••••••••••••• 0 ••••••••••• 0 0 0 0 0 •••• 

3.8 DFFGAS .DAT 0 •••• 0 ••••• 0 •• 0 0 • •••• 0 ••• 0 •••••• 0 •••••• 0 0. 0 0. 0 0 0 • •••• 

3.9 FSHIM.DAT ••••••••••••••••••••••••••••••••••••••••••• 0 0 0 0 ••••••• 

3.10 MSHIM.DAT •••••• 0 •••••• 0 •••••••••• 0. 0 •• 0 0 •••••••••• 0 0 •••••••••• 

3.11 STOCH.DAT ••• 0. 0 ••• 0 ••• 0 ••••••••••••••••••••••••••••••••••••••• 

3.11.1 Statistical Distributions ••••• 0 ••• 0 0. 0 ••••••••••••••• • 

3.11.2 User-Specified Inputs •• 0 0. 0 •••••••••••• 0 •••••••••• 0 ••• 

OUTPUT FILES ····························•··············•············ 
4.1 OUTPUT FILES GENERATED BY PRODUCTION VERSION ••••••••••••••••••• 

4.2 OUTPUT FILES GENERATED BY DEBUG VERSION ........................ 
EXECUTION OF MASBAL ................................................. 
TEST CASES .......................................................... 
6.1 

6.2 

6.3 

6.4 

BORON TRACER STUDIES ........................................... 
STARTUP FROM AN IDLING CONDITION ............................... 
VARIABILITY 
VARIABILITY 

VARIABILITY 
FUNCTION OF 

IN GLASS COMPOSITION AS A FUNCTION OF 
IN FEED COMPOSITION ............•................... 
IN PREDICTED GLASS COMPOSITION 
SAMPLING AND ANALYTICAL ERRORS 

AS A ..................... 
ACKNOWLEDGMENTS ..................................................... 
REFERENCES .......................................................... 

APPENDIX A INPUT FILES ................................................. 
APPENDIX B - OUTPUT FILES ················································ 

v; ; ; 

3.8 

3.9 

3.9 

3.10 

3.10 
• 

3 .11 

3.12 

3.12 

3.12 

3.18 

4.1 

4.1 

4.2 

5.1 

6.1 

6.1 

6.2 

6.6 

6.6 

7 .1 

8.1 

A .1 

B.l 



• 

• 

• 

FIGURES 

2.1 West Valley Component Test System Schematic ••••••••••••••••••••••••• 2.2 

2.2 Mode 1 of MASBAL •••••••••••••••••••••••••••••••••••••••••••••••••••• 2.5 

2.3 Mode 2 of MASBAL •••••••••••••••••••••••••••••••••••••••••••••••••••• 2.6 

2.4 Mode 3 of MASBAL .................................................... 2.8 

2.5 Flow Diagram of Logic in MASBAL ••••••••••••••••••••••••••••••••••••• 2.19 

2.6 Correspondence Between State Variables and Physical 
Variables in MASBAL ••••••••••••••••••••••••••••••••••••••••••••••••• 2.25 

3.1 Probability Density Function for Synmetrical 
Uniform Distribution •••••••••••••••••••••••••••••••••••••••••••••••• 3.14 

3.2 Probability Density Function for Symmetrical 
Triangular Distribution ••••••••••••••••••••••••••••••••••••••••••••· 3.14 

3.3 Probabi llty Density Function for Nonsymmet rica 1 
Uniform Distribution •••••••••••••••••••••••••••••••••••••••••••••••· 3.17 

3.4 Probability Density Function for Nonsymmetrical 
Triangular Distribution ••••••••••••••••••••••••••••••••••••••••••••• 3.18 

6.1 Responses to Step Change in 8203 Concentration when Modeling 
Melter as Ideally-Mixed Regions in Series ••••••••••••••••••••••••••• 6.3 

6.2 Responses to Step Change in 8203 Concentration when Modeling 
Melter as Plug Flow and Ideally-Mixed Regions in Series ••••••••••••• 6.4 

6.3 Change in Mass of Melter Regions when Starting from an 
Idling Condition (Two Ideally-Mixed Regions in Series) 

6.4 Variability in Glass Composition as a Result of a 5% 

.............. 6.5 

Batch-to-Batch Vari abi 1 ity in Feed Composition •••••••••••••••••••••· 6.7 

6.5 Variability in Predicted Glass Composition as a Result of 
5% Errors in Sampling and Analyzing the Feed - One Sample and 
One Analysis of Each Sample ••••••••••••••••••••••••••••••••••••••••• 6.9 

6.6 Variability in Predicted Glass Composition as a Result of 
5% Errors in Sampling and Analyzing the Feed - Three Samples 
and Three Analyses of Each Sample ••••••••••••••••••••••••••••••••••• 6.10 

ix 



TABLES 

2.1 Discrete Events in the West Valley Component Test System •••••••••••• 2.17 

2.2 Subroutines Called by PRIME ••••••••••••••••••••••••••••••••••••••••• 2.20 

2.3 MASBAL Event Subroutines •••••••••••••••••••••••••••••••••••••••••••• 2.21 

2.4 Key to Figure 2.6 ••••••••••••••••••••••••••••••••••••••••••••••••••• 2.26 .. 
3.1 MASBAL Input Files and Modes of Operation in Which 

They Are Used • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 3.1 

• 

• 

X 



• 

• 

1.0 INTRODUCTION 

This report serves as a user•s manual for the MASBAL computer program. 

MASBAL has three primary objectives: 1) to predict the composition of nuclear 

waste glass produced by a slurry-fed ceramic melter based on a knowledge of 

process conditions, 2) to generate simulated data that can be used to estimate 

the uncertainty in the predicted glass composition as a function of process 

uncertainties, and 3) to generate simulated data that can be used to provide a 

measure of the inherent variability in the glass composition as a function of 

the inherent variability in the feed composition. 

MASBAL was developed at Pacific Northwest Laboratory (PNL)(a) for West 

Valley Nuclear Services (WVNS) Company, Inc. WVNS is responsible for manage

ment of the site of the Western New York Nuclear Services Center, the only 

commercial nuclear fuel reprocessing plant to have operated in the United 

States. Underground tanks at the site contain high-level waste (HLW) produced 

in part by a commercial fuel reprocessing campaign. The State of New York has 

assumed responsibility for these wastes. The u.s. Department of Energy (DOE) 

is assisting, through the West Valley Demonstration Project (WVDP), in the 

retrieval and solidification of these wastes. 

The planned method of solidification of the HLW is incorporation into a 

vitreous glass matrix. The waste slurry from the storage tanks wi 11 be com

bined with appropriate ·glass-forming compounds, concentrated, and then fed to a 

ceramic melter operated at 1100° to 1250°C. Water from the slurry will be 

driven off immediately, and the remaining components will gradually melt into a 

molten glass phase in the melter. Glass will be poured from the melter into 

canisters, where it will cool and solidify. The canisters will eventually be 

sealed and shipped to a high-level nuclear waste repository for disposal. 

The ability to predict the glass composition in the canisters and the 

uncertainty in the glass composition is important for two reasons: 1) there 

are constraints on the range of compositions that can be processed in a ceramic 

(a) Operated for the u.s. Department of Energy by Battelle Memorial Institute. 
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melter, and 2) there are constraints on the range of compositions that wi 11 be 

acceptable for disposal in a geologic repository. 

The first set of constraints arises because the composition of the glass 

affects key processing parameters such as the melting point, melting rate, 

viscosity, electrical conductivity of the mixture, and the tendency of the 

mixture to foam. The second constraint arises because composition is an 

important parameter affecting the durability of the glass to aqueous attack, 

one of the key measures of the acceptability of any waste form for geologic 

disposal. Because of the dependence of durability on composition, WVNS will 

probably be required to provide the DOE Office of Civilian Radioactive Waste 

Management (OCRWM) or perhaps a regulatory agency with an estimate of the 

composition of the glass in each canister that is produced. 

MASBAL provides WVNS with the capability to predict the composition of the 

glass in each canister based on process measurements taken upstream of the 

canisters. It also provides 

, the capability to estimate the uncertainty in the predicted glass 

composition as a function of 1) uncertainties in process measure

ments, and 2) the number of replicate feed samples taken and the 

number of replicate analyses performed on each sample 

• the capability to estimate the variability in the actual glass 

composition as a function of the inherent variability in the feed 

composition. 

Chapter 2.0 of this report provides a detailed description of the design 

of MASBAL. The input files and the input data that they contain are discussed 

in Chapter 3.0. Because the input files represent the only interface between 

the user and the program, Chapter 3.0 is extremely important to the user. A 

description of the output files is provided in Chapter 4.0. Chapter 5.0 pro

vides instructions on hav~ to execute MASBAL. Results from some of the test 

cases that were run during the development of MASBAL are presented in 

Chapter 6.0. These test cases illustrate some of the capabilities of the pro

gram. Examples of input and output files are provided in Appendices A and B, 

respectively. 
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2.0 SOFTWARE DESIGN 

MASBAL is a computer program that simulates the operation of a slurry-fed 

ceramic melter system. The primary inputs to the program are 1) the design 

parameters of the melter system, 2) the process measurements taken during 

operation of the system, and 3) the parameters of statistical distributions 

that describe uncertainties in the process measurements and inherent fluctua

tions in the feed composition. The primary output of the program is the calcu

lated glass composition exiting the melter as a function of time. 

2.1 DESCRIPTION OF THE PHYSICAL SYSTEM 

A schematic drawing of the West Valley Component Test System (CTS) is 

shown in Figure 2.1. The following operating scenario was assumed for the pur
poses of the sirrulation:(a) During a vitrification campaign~ waste slurry is 

pumped from the high-level waste feed tank to the concentrator feed makeup 

tank~ where 1t is sampled. The apparent composition of the samples is used to 

calculate the amount of various glass forming compounds that should be added to 

the waste to obtain a slurry of the desired feed composition. These chemicals 

are added first to a cold chemical makeup tank, where they are blended. They 

are then transferred to the concentrator feed makeup tank~ where they are com

bined with the waste. After addition of the glass formers, the slurry in the 

makeup tank is concentrated until the solids loading is at some specified 

level. The slurry is then transferred to the feed tank, where it is contin

uously fed to the melter. When the slurry enters the melter, the water quickly 

evaporates and goes to the off-gas system, leaving the less volatile constitu

ents behind to gradually melt into the roolten glass phase. Small amounts of 

each of these less volatile constituents will go to the off-gas system as a 

result of being entrained in the exiting gases or because of partial volatili

zation in the melter. The purpose of the off-gas system is to remove the 

radioactive constituents from the gas so that the gas can be exhausted to the 

environment. Glass is poured out of the melter either continuously or in 

batches into metal canisters. 

(a) This operating strategy reflects current plans at West Valley. 

2 .1 



Glass Former 
Sons/Tanks 

High-level 
Waste Feed Tank 

Blended 
High-Levut 

Waste 

Cold Chemocal 
Makeup Tank 

Exol Gas 

Off-Gas 
System 

.------------ -1----l 
1 Samol•l I S•mol• I Q-; H,Q 1 

,-----<:r_-7--:t I(}' I ~ 011-G" I 
]..!-'L..J....-1._1 I • I 

Concentrator I Meller I 
Feed Makeup Feed L--

Tank Tank I..._ I 

5<o•m4~~~ i }. ::~~~ i 

i c'""'" 0 \ 
I Portoon of J 

System Somulated I__ I 
lbyMASBAL __ ----------~ 

FIGURE 2.1. West Valley Component Test System Schematic 

MASBAL simulates only the part of the system that is contained within the 

dashed 1 i ne in Figure 2 .1. The makeup tank is excluded because WVNS plans to 

sample the feed tank after each transfer of slurry from the makeup tank. 

Therefore, the glass compositions calculated by MASBAL are based on the 

analyses of samples from the feed tank rather than from the makeup tank. 

The s 1 u rry 1 i nes that run from the co 1 d chemica 1 makeup tank to the feed 

tank and melter in Figure 2.1 could be used to add glass formers directly to 

the latter two tanks. This action might be taken if a sample from the feed 

tank indicates that the feed composition is out of tolerance and must be 
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corrected. The West Valley CTS currently does not have a line running from the 

cold chemical makeup tank to the melter, but such a line is included in MASBAL 

for completeness. 

The off-gas system is excluded from MASBAL because the objective of MASBAL 

is to calculate the composition of the glass poured into the canisters, not the 

composition in the off-gas system. However, the amount of each constituent 

that is collected in the off-gas system is a necessary input to MASBAL because 

the composition of the glass is calculated by differencing between the feed 

composition and the off-gas composition. 

2.2 ASSUMPTIONS AND BASES 

MASBAL was developed under the following set of assumptions and bases: 

• The model includes a provision for as many as 100 chemical constituents. 

• The model assumes that all chemical constituents are inert at all 

points in the system {chemical reactions are not modeled). The 

concentration of each chemical constituent is specified as a mass of 

oxide (or other final glass form) per unit volume. Each constituent 

that appears in the glass is treated as a separate inert component. 

Water is the only component that does not appear in the glass. 

• The main feed tank is modeled as an ideally-mixed tank. Based on 

studies at PNL, this assumption should be valid if sufficient power 

is supplied to the tank in the form of agitation (Peterson et al. 

1986). 

• The melter can be modeled as a·n ideally-mixed tank, as a plug flow 

region followed by one or two ideally-mixed regions in series, or as 

two to five ; dea 11 y-mi xed regions in series. 

• There is no holdup in lines between tanks (i.e., the volume of slurry 

in pipes is negligible compared to the volume in tanks). 

• The rate of volatilization of constituents in the melter is modeled 

as constant from one off-gas sampling time to another. No attempt is 

made to model off-gas surges or fluctuations. If the off-gas is not 
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sampled or if no sampling information is available. losses due to 

volatilization are modeled using a constant decontamination factor 

for each constituent. 

• Batch glass pours are modeled as having a constant flow rate for a 

specified time period. 

2.3 MODES OF OPERATION 

MASBAL is designed to be operated in three modes. The first mode provides 

deterministic predictions of the glass composition as a function of time. The 

second and third modes generate simulated glass composition data that can be 

used to estimate the uncertainty in the deterministic predictions provided in 

mode 1, or to estimate the variability in the glass composition as a function 

of the inherent variab1lity in the feed composition. 

When MASBAL is operated in the first mode, the key program inputs are 

process measurements and control actions taken at appropriate times during the 

operation of the system. The program takes these inputs and simulates the 

system deterministically to calculate the composition of the glass exiting the 

melter as a function of time. The operation of the program in this mode is 

depicted in Figure 2.2a. A typical plot of output from mode 1 is provided in 

Figure 2.2b, which shows the predicted mass fraction of B2o3 in the glass as a 

function of time. The fluctuations in the glass composition are primarily a 

result of fluctuations in the measured feed composition, which are input to the 

program. Figure 2.2b does not represent actual output from a MASBAL run; it is 

simply a schematic drawing showing how the output from mode 1 is expected to 

look. 

In the second mode, the key inputs to MASBAL are the parameters of statis

tical distributions that define uncertainties in process measurements. The 

inputs used in the first mode are also required as inputs in the second mode, 

but they are non used as the 11 most likely 11 values of distributions rather than 

as deterministic values. A statistical distribution is randomly sampled each 

time there is a process measurement. The value returned from the distribution 

is treated as the "true" or actual value of the measurement. Because the 

returned value is usually different from the 11 most likely .. value, this 

2.4 

• 



• 

• 

• 

Deterministic 

Process I I Prediction or 

Measurements I 
MASBAL 

I Glass Composition 
in CaniSters 

(a) Block Diagram Depicting Operation 

c: 
0 

u 
10 
Lt Target 
Ill 
Ill 
10 

~ .., 
0 

N 

ID 

(b) Typical Plot of Output 

Time, hrs. 

FIGURE 2.2. Mode 1 of MASBAL (a) Block Diagram Depicting Operations; 
(b) Typical Plot of Output 

procedure simulates errors in the process measurements. If a number of runs 

are performed using the same set of inputs (with a different random number 
stream for each run), a population of simulated glass compositions that are 
randomly distributed about the deterministic composition calculated in mode 1 

will be obtained. 

A block diagram depicting the operation of MASBAL in mode 2 and a typical 
plot showing output from mode 2 are provided in Figure 2.3. Each of the light 
solid lines in Figure 2.3b represents the output from one run in mode 2. The 

dark solid line represents the output from mode 1. It appears that the output 

from mode 2 forms an envelope about the mode 1 predictions. The width of this 

envelope provides a qualitative measure of the uncertainty associated with the 

composition predicted in mode 1. The absolute differences between the glass 
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compositions calculated in modes 2 and 1 can be used to construct confidence 

intervals about the mode 1 predictions, which provide a quantitative measure of 

the uncertainty in the deterministic predictions. 

When MASBAL is run in the first or second mode, the simulation is driven 

by process data that are provided as input to the program. These data include 

information on what has happened in the system prior to the current time, but 

they contain no information about future events. Because it may be of interest 

to predict the composition of the glass that will be poured in the next several 

canisters (based on the current composition in the feed tank and melter), 
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MASBAL continues to simulate the system by generating its own data for future 

process data. The user is given two options for continuing execution of the 

program: 1) all batches of feed following the last batch will be given the 
target composition, or 2) the next N batches of feed will be given the same 

composition as the last batch, where N is specified by the user. When MASBAL 

is run in mode 1, the compositions of succeeding feed batches are determinis

tic. When the program is run in mode 2, the compositions are stochastic, and 

the mean composition is either the target composition or the composition of the 

most recent batch, depending on the option selected. The melter feed rate and 

the rate of volatilization of constituents to the off-gas system are kept con

stant {equal to the design feed and volatilization rates). Also, glass is 

poured at the design frequency and duration throughout the remainder of the 

simulation. The user must specify how long (in simulated time) the simulation 

is to continue before terminating. 

When MASBAL is run in the third mode, the program generates its own feed 

composition data by randomly selecting the composition of successive batches of 

feed from statistical distributions defined by the user (the concentration of 

each constituent in the feed will be taken from a distribution that has a mean 

or mode of the target concentration). All process measurements are simulated 

by randomly sampling a statistical distribution that has a mean or mode equal 

to the simulated value of the process variable being measured. The simulated 
fluctuations in the feed composition and the errors in process measurements 

cause the calculated glass composition to fluctuate randomly about the target 

composition. If the process measurements are treated deterministically (i.e., 
if the standard deviations describing the measurement errors are set to zero), 
then the absolute differences between the stochastically generated data and the 
target glass composition will provide a measure of the inherent variability in 
the composition of the glass as a function of the variability in the feed com
position. If, on the other hand, the composition of successive batches of feed 

• is treated deterministically, then the differences between the stochastically 

generated composition data and the target glass composition will provide the 

same information that is provided by the second mode of MASBAL. The advantage 

of running MASBAL in the third mode is that the user can run the program with

out having to supply process data; only the parameters of distributions that 
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describe feed composition variability and uncertainties in process measurements 

are required. This feature gives MASBAL the capability to simulate thousands 

of hours of operation of the melter system, and thus makes it possible to 

generate enough simulated data to make reasonable estimates of the confidence 

limits associated with either the predicted or the target glass composition. 

A block diagram depicting the operation of MASBAL in mode 3 and a typical 
plot of output from mode 3 are shown in Figure 2.4. Each of the lines in 

Figure 2.4b represents the output from one run in mode 3. The straight, 
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FIGURE 2.4. Mode 3 of MASBAL (a) Block Diagram Depicting Operation; 
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horizontal line represents the target composition. The output is very similar 

to the output from mode 2, except that the glass composition fluctuates about 

the target composition rather than the composition calculated by mode 1. 

2,4 MASS BALANCE EQUATIONS 

The key equations in MASBAL are the differential and state equations that 

• describe the change of mass with time of each constituent in the feed tank, 

melter, and canisters. The feed tank in MASBAL is modeled as an ideally-mixed 

tank. The user is given the option of modeling the melter in one of three 

ways: 

• 

1. as an ide ally-mixed tank 

2. as a combination of one plug flow and up to two ideally-mixed regions 

in series- The plug flow region is the first region in the series, 

followed by the smaller of the two ideally-mixed regions (if there 

are two). The user must specify the percentage of melter volume that 

is plug flow and the percentage that constitutes each of the ideally

mixed regions. These percentages will apply when the melter is 

operated at steady state. 

3. as two to five ideally-mixed regions in series- The user must specify 

the volume percentages of each of the regions at steady state. 

Each glass pour into a canister is treated as a pour into an ideally-mixed tank 

that has no outlet stream. 

2.4.1 Mass Balance Equations for Ideally-Mixed Regions 

The avera 11 mass ba 1 ance equation around an ide ally-mixed region is given 

by 

dW/dt = Q - Q f p (2.1) 

where w = mass or vo 1 ume of the ideally-mixed region, kg or L 

t = time, hr 

Qf = flow rate into region, kg/hr or L/hr 

Qp = flow rate into region, kg/hr or L/hr 
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The equation describing the change in mass over time of an individual 

constituent in an ideally-mixed region is 

d(Mi )/dt = Qf * x.f- Q * x. 
1 p 1 p 

where Mi = mass of canst i tuent i in the ideally-mixed region, kg 

xif = con cent ration of constituent i in inlet stream, mass fraction 

or kg/L 

Xip = con cent ration of constituent i in outlet stream, mass fraction 

or kg/L. 

(2.2) 

By convention, concentrations in the aqueous feed slurry are generally 

expressed as kg oxide/L, while concentrations in the molten glass are generally 

expressed as mass fractions. Equations (2.1) and (2.2) also hold for indivi

dual glass pours into canisters, except that Qp for these 11 regions" is zero. 

The instantaneous concentration or mass fraction of a constituent in an 

ideally-mixed region is given by 

X. = M
1
./W 1p (2.3) 

Because ideal mixing implies that the concentration at every point in the 

reyion is the same, Xip is also the concentration in any stream that exits the 

ideally-mixed region. 

2.4.2 Mass Balance Equations for Plug Flow Region in Melter 

By definition, all elements of mass in the plug flow region rust exit in 

the same order that they entered {i.e., there is no mixing). The cumulative 

mass that enters the plug flow region and the cumulative mass that exits the 

region are both continuously monitored by MASBAL. The program periodically 

records the composition of mass elements that enter the region. The composi

tion of a mass element exiting the region is then set equal to the composition 

of a mass element that entered the region at the time when the total cumulative 
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mass having entered the region (minus the initial mass) was equal to the total 

currulative mass that has now exited the region. This situation is expressed 

mathematically as 

xioZ = xif(Z- Zi) (2.4) 

where X; 0z = mass fraction of constituent i in a mass element exiting the 

region after Z kg of cumulative mass have exited the region 

X;f(z _ Zi) =mass fraction of constituent i in a mass element entering the 

region after {Z - Zi) kg of cumulative mass have entered the 

region 

Zi = initial mass in plug flow region, kg. 

The composition of mass elements entering the plug f1CPN region are updated 

once each hour of simulated time or whenever the concentration of a constituent 

in the inlet stream changes by 1% {to adequately model the plug flow region 

when the composition is changing rapidly). The composition of a mass element 

that enters the region between two consecutive updating times is calculated by 

linear interpolation of the compositions recorded at the two times. 

2.4.3 Changes in Mass of Melter Regions as a Function of Feed Rate 

When the melter is not modeled as a single ideally-mixed region, the user 

must specify the percentage of the total mass that is allocated to each region 

(the inputs are actually entered as volume percentages). MASBAL assumes that 

these percentages are valid only when the feed rate is equal to the design feed 

rate. If the feed rate drops below the design feed rate, the mass of all 

regions except the last region will drop proportionately (i.e., a 10% drop in 

feed rate will result in a 10% drop in these volumes). The rate at which the 

mass changes is modeled as an exponential decay with a time constant propor

tional to the steady-state mass in the melter dlvided by the design feed rate 

(in kg oxides/hr). The last two sentences are expressed mathematically in 

Equations (2.5) through (2.7), 

(2,5) 
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where 0; 
Qf 
Qd 
W; 

wf 

wct 
s 

= equivalent feed rate before change in feed rate, kg oxides/hr 

= new feed rate, kg oxi des/hr 

= design feed rate, kg oxides/hr 

= instantaneous mass of region before change in feed rate, kg 

= steady-state mass of region at new feed rate, kg 

=steady-state mass of region at design feed rate, kg 

=user-specified parameter for adjustment of time constant 

W5 =steady-state mass of all regions in rnelter at the design feed 

rate, kg 

W = instantaneous mass of region, kg 

t =time since change in feed rate occurred, hr. 

The integrated form of Equation (2.7), which gives the actual mass of 

melter regions (other than the last region) as a function of time after a 

change in feed rate, is 

( 2.6) 

( 2.7) 

(2.8) 

Equations (2.7) and (2.8) work well when the feed rate is within a factor 

of two or three of the design feed rate, but they tend to overpredict the 

increase in mass of the region(s) whenever the feed rate is more than an order 

of magnitude greater than the design feed rate. This situation can physically 

arise when glass formers are added directly to the melter from the cold 

chemical makeup tank, because the transfer of slurry can be very rapid. In 

this case, the equation used to calculate the change in mass of all regions 

(except the last region) in the melter is 

(2.9) 
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where N is the number of regions in the melter. 

The integrated form of Equation (2.g) is 

(2.10) 

Equations (2.9) and (2.10) are used to describe the change in mass of all 

melter regions (except the last region) whenever glass formers are being added 

directly to the melter. 

The change in mass of the last region in the melter is determined from a 

mass balance around the last region: 

= mass of last 

= mass of jth 

= tot a 1 number 

= pouring rate 

N-1 
2:: 
j=1 

dW ./dt - P 
J 

region in me 1 ter, kg 

region in melter, kg 

of regions in me lter 

of glass into canister, kg/hr. 

(2.11) 

Equation (2.11) ensures that the mass balance around the entire melter remains 

as 

(2.12) 

where Wt is the total mass of glass {kg) in the melter 

The approach outlined above ensures that when the feed rate, Qf, is zero 

{i.e •• the melter is idling), the melter will approach an ideally-mixed state 

rather than remain in a non-ideal state. This situation is believed to be 

realistic for idling melters. When the feed rate increases, the volume of all 

regions except the last region will increase proportionately and at an 
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exponential rate.(a) If the time-averaged glass pouring rate is increased 

along with the feed rate (as it should be unless it is desired to raise the 

level of glass in the melter)~ the last region in the melter will decrease in 

mass at a rate equa 1 to the sum of the rates of increase for the other regions. 

2.4.4 Off-Gas Calculations 

Losses to the off-gas system are modeled by splitting the melter inlet 

stream into two streams 9 one going directly to the off-gas system and the other 

going to the first region in the melter. Assuming that the off-gas has been 

sampled and that information is avallable regarding the mass of each consti

tuent that has been collected in the off-gas system (over a certain period of 

time), the following equations apply: 

(2.13) 

(2.14) 

(2.15) 

(2.16) 

(a) It should be recognized that as the feed rate is increased or decreased, 
the power to the melter is generally increased or decreased. Because an 
increase in power generally increases the amount of natural convection in 
the melter (and vice-versa), the volume of the plug fl()ol and smaller well
mixed regions may not necessarily change in proportion to the feed rate. 
However, until data become available that suggest otherwise 9 the plug flow 
and smaller well-mixed regions will be modeled as stated above. 
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where Q; 0 = flow rate of constituent i into off-gas system, kg oxide/hr 

M; 0 = mass of constituent i collected in off-gas system, kg 

t =time duration over which mass Mio was collected, hr 

Qif = flow rate of constituent i into 1st melter region, kg oxide/hr 

Qe =total flow rate entering melter, kg oxide/hr 

Xie = mass fraction of constituent ; in stream entering melter 

Q0 = total flow rate into off-gas system, kg oxide/hr 

Qf =total flow rate into 1st melter region, kg oxide/hr 

N = number of constituents. 

If no data are available from the off-gas system, decontamination factors 

are used to calculate the amount of material going to the off-gas system. 

Under these circumstances, Equations (2.13} and (2.14) are replaced with 

(2.17) 

(2.18) 

where DF; is the melter decontamination factor of constituent i. 

It should be recognized that Equations (2.17) and (2.18) do not properly 

account for losses to the off-gas system during periods of melter idling or low 

feed rates. For example, according to these equations, there are no losses 

when the feed rate is zero. Equations (2.13) and (2.14) will model losses at 

low or zero feed rates, but the losses will be constant over time rather than 

varying with feed rate; i.e., when the feed rate is zero, losses will be non

zero and will come from the first region in the melter. This part of MASBAL 

may require refinement at some future date when more is known about off-gas 

losses as a function of feed rate. However, the errors introduced by Equa

tions (2.13) and (2.14) or (2.17) and (2.18) are small for most constituents 

because the amount of material going to the off-gas system is generally small 

relative to the amount going to the glass. 

2.15 



2.5 SIMULATION OF THE SYSTEM 

MASBAL treats the operation of the vitrification system as a classical 

simulation problem. The state of the system at any point in time is defined by 

the values of the state variables in the system. The state variables include 

all the masses, concentrations, and flow rates in the system. These variables 

must be initialized at the start of the sirrulation, and their values change 

during the simulation according to the differential and state equations in 

Section 2.4. The equations are solved simultaneously using a numerical 

differentiation algorithm. 

The differential and state equations alone, however, do not completely 

describe the behavior of the system. During the operation of the vitrification 

plant, many events occur that cause instantaneous changes in the state of the 

system. In simulation jargon~ these events are called "discrete events 11 

because they occur at discrete points in time. Examples of discrete events are 

the starting or stopping of a slurry transfer from the makeup tank to the feed 

tank, the sampling of the feed tank~ and the starting or stopping of a glass 

pour. Discrete events are triggered either by a condition on time or by a 

condition on one or more of the state variables. An example of the former is 

the starting of a batch glass pour every 2 hours. An example of the latter is 

stopping the flow of feed to the melter when the glass level in the melter 

exceeds some maximum level. The discrete events that occur when the West 

Valley CTS is operated are listed in Table 2.1. When these events occur. they 

alter either the state of the system or the rate of change of the state of the 

system. 

To properly simulate the vitrification system, a model rrust be capable of 

simulating both the continuous and the discrete changes in the state of the 

system. MASBAL makes use of the SIMAN simulation language, a FORTRAN-based 

software package, to provide these capabilities. 

2.5.1 Use of SIMAN 

The SIMAN sirrulation language offers 1) a variable-step, fourth-fifth 

order Runge-Kutta-Fehlberg numerical differentiation algorithm for solving the 

mass balance differential equations describing the vitrification system; 2) the 
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TABLE 2.1. Discrete Events in the West Valley Component Test System 

1. Start the flr:1t1 of slurry from the makeup tank to the feed tank (i.e., the 
initiation of a batch transfer of feed slurry) 

2. Stop the flON of slurry from the makeup tank to the feed tank 

3. Change the slurry feed rate to the welter (includes starting or stopping 
the feed) 

4. Start the flow of slurry from the cold chemical makeup tank to the feed 
tank 

s. Stop the flow of slurry from the cold chemical makeup tank to the feed 
tank 

6. Start the flow of slurry from the cold chemical makeup tank to the melter 

7. Stop the flow of slurry from the cold chemical makeup tank to the melter 

8. Start a glass pour 

9. Stop a glass pour 

capability to model discrete events that interact with or change the values of 

state variables in the system; and 3) the capability to introduce stochasm into 

the simulation. The first capability is essential to the operation of MASBAL 

because the continuous behavior of the vitrification system is described by a 

large number of coupled differential equations (see Section 2.4). The second 

capability is desirable because it simplifies the modeling of discrete behavior 

in the system (see Table 2.1). The third capability, is essential when MASBAL 

is run in the second or third modes described in Section 2.3. 

SIMAN enables the development of a simulation model that has all these 

capabilities with a minimum of programming effort. The programmer has only to 

develop subroutines that describe system-specific behavior. These subroutines 

are then linked with the main SIMAN subprogram library to create an executable 

image that draws on the SIMAN software to perform essentially all of the com

plicated operations associated with simulating the system. The SIMAN software 

is available from Systems Modeling Corp., State College, Pennsylvania. 
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2.5.2 MASBAL Implementation 

MASBAL consists of FORTRAN subroutines that are integrated with the SIMAN 

sirulation language. During a run, MASBAL reads several input files that con

tain data that drive the simulation. Once a run is initiated, there are no 

interfaces between the program and the user other than the error messages that 

appear if erroneous input is detected (i.e., the program does not have inter

active features). 

The overall logic in MASBAL is depicted in Figure 2,5. When MASBAL is 
executed, the simulation clock is initially set to zero and a call is made to 

the PRIME subroutine. This subroutine calls several subroutines that open 

input files and read data from these files. These data include 1) parameters 

specifying various options for running the program, 2) design parameters for 

the melter system, 3) initial values of state variables in the system, 4) the 

times at which the initial discrete events occur in the system, and 5) the 

parameters of statistical distributions that describe uncertainties in process 

measurements. The names of the subroutines that PRIME calls and brief 

descriptions of their functions are provided in Table 2.2. 

After PRIME has completed execution, control is passed to the differential 

equation solving algorithm of SIMAN. This algorithm makes frequent calls to 

the STATE subroutine, which contains the FORTRAN-coded differential and state 

equations that describe the flow of mass through the vitrification system. 

SIMAN advances the simulation clock and updates the values of the state 

variables (as dictated by the equations in STATE) with each time step. 

During each time step, SIMAN checks conditions on time and on the state of 

the system to see if a discrete event is to occur. SIMAN keeps track of the 

discrete events that are conditional on time by maintaining a special file 

called the event calendar. This file contains an ordered list of all events 

that are scheduled to occur in the future and the exact time at which they are 

to occur. The user specifies all the information needed to schedule these 

events by setting up the MASBAL input files described in Chapter 3.0. SIMAN 

also keeps track of events that are conditional on the state of the system. 

These events occur only when the values of certain state variables cross 

threshold values that are specified by the user in the MASBAL input files. For 
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F!GURE 2.5. Flow Diagram of Logic in MASBAL 

example, a discrete event that corresponds to shutting off the flow of feed to 

the melter will occur when the mass of glass in the melter exceeds some maximum 

value specified by the user (this event will not occur 1f the feed is scheduled 

to be shut off at a later time) • 

If a discrete event is to occur during a time step, the size of the step 

is adjusted so that it ends when the event is to begin. After the time step is 

taken, a call is made to the EVENT subroutine. This subroutine passes control 

to the appropriate MASBAL subroutine that contains logic describing the event 
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TABLE 2.2. Subroutines Called by PR[ME 

Name Descri tian 

MOOERD 

DSNRD 

[NrTRD 

FEEDRD 

POURRD 

BATRD 

OF FRO 

FSHRD 

11SHRD 

STOCRD 

Reads in all the data from the input file MODE.OAT 

Reads in all the data from the input file DES[GN.DAT 

Reads in all the data from the input file INIT.OAT, and 
initializes all the state variables in the system 

Reads in the first set of data from the input file FEED.DAT, and 
schedu 1 es the first change in the feed rate to the me lter ( ca 11 ed 
only in modes 1 and 2) 

Reads in the first set of data from the input file POUR.DAT, and 
schedules the first glass pour (called only in modes 1 and 2) 

Reads in the first set of data from the input file BATCH.DAT, and 
schedules the first transfer of slurry from the makeup tank to the 
feed tank (called only in modes 1 and 2) 

Reads in the first set of data from the input file OFFGAS.DAT, and 
schedules the first change in the volatilization rate to the off
gas system (called only in modes 1 and 2) 

Reads in the first set of data from the input file FSHIM.DAT, and 
schedules the first transfer of slurry from the cold chemical 
makeup tank to the feed tank (called only in modes 1 and 2) 

Reads in the first set of data from the input file MSHIM.DAT, and 
schedules the first transfer of slurry from the cold chemical 
makeup tank to the melter (called only in modes 1 and 2) 

Reads in all the data from the input file STOCH.DAT (called only 
in modes 2 and 3) 

(e.g., a change in the feed rate to the melter, the initiation of a glass 

pour). In a strict sense, it is not necessary that an event change the state 

of the system. For example, an event may do nothing more than write the value 

of a state variable to an output file. The names of the MASBAL event sub

routines and brief descriptions of their functions are provided in Table 2.3. 

As Table 2.3 indicates, subsequent events are often scheduled from within 

event subroutines. The times at which the events are scheduled to occur are 

either read directly from the MASBAL input files, or determined indirectly from 
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TABLE 2.3. MASBAL Event Subroutines 

Name Descri ti on 

FUTBAT 

FUBSTP 

STOPFD 

STRTFD 

STOPPR 

Starts the transfer of slurry from the makeup tank to the 
feed tank on the condition that the level in the feed tank is 
below some value specified by the user. When MASBAL is run 
in modes 1 or 2, this subroutine is called only after all the 
data in the input file BATCH.DAT has been exhausted. When 
MASBAL is run in mode 3, FUTBAT is called for all transfers 
of slurry from the makeup tank to the feed tank. FUTBAT 
simulates batch-to-batch variability in the feed composition 
if MASBAL is run in roodes 2 or 3. 

Stops the transfer of slurry from the makeup tank to the feed 
tank on the condition that the level in the feed tank is 
above some value specified by the user. When MASBAL is run 
in modes 1 or 2, this subroutine is called only after all the 
data in the input file BATCH.DAT has been exhausted. When 
MASBAL is run in mode 3, FUBSTP is called for all transfers 
of slurry from the makeup tank to the feed tank. 

Stops the flow of feed to the melter on the condition that 
the level of glass in the melter is above some value 
specified by the user. When t<\ASBAL is run in modes 1 or 2, 
this subroutine is called only after all the data in the 
input file FEED.DAT has been exhausted. When MASBAL is run 
in mode 3, STOPFD is called whenever the melter level 
condition is met. 

Starts the flow of feed to the melter (after a stoppage) on 
the condition that the level of glass in the melter is below 
some value specified by the user. When MASBAL is run in 
modes 1 or 2, this subroutine is called only after all the 
data in the input file FEED.DAT has been exhausted. When 
MASBAL is run in mode 3, STRTFD is called whenever the melter 
level condition is met. 

Stops a glass pour on the condition that the level of glass 
in the melter is below some value specified by the user. 
Writes the mass and composition of the pour to the 
app rap ri ate output files. When MASBAL ; s run in modes 1 or 
2, this subroutine is called only after all the data in the 
input file POUR.DAT has been exhausted. When MASBAL is run 
in mode 3, STOPPR is called whenever the melter level 
condition is met. 
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TABLE 2.3. (contd) 

Name Oescri t ion 

STRTPR 

FUTPOR 

FUPSTP 

BSTART 

BSTOP 

CHFEED 

PST ART 

PSTOP 

Starts a glass pour (after a stoppage) on the condition that 
the level of glass in the melter is above some value 
specified by the user. When MASBAL is run in modes 1 or 2, 
this subroutine is called only after all the data in the 
input file POUR.OAT has been exhausted. When MASBAL is run 
in mode 3, STRTPR is called whenever the melter level 
condition is met. 

Starts a glass pour that is scheduled to occur after all the 
data in the input file POUR.DAT has been exhausted. 
Schedules the subsequent stoppage of the pour. 

Stops a glass pour that is scheduled to occur after all the 
data in the input file POUR.DAT has been exhausted. Writes 
the mass and composition of the pour to the appropriate 
output files. Schedules the next pour. 

Starts a scheduled transfer of slurry from the makeup tank to 
the feed tank. Schedules the subsequent stoppage of the 
transfer. Reads either the measured composition in the feed 
tank (after the transfer) from the input file BATCH.OAT, or 
the apparent composition in the makeup tank (before the 
transfer) from the input file MAKEUP.DAT. Simulates sampling 
and analytical error if MASBAL is run in modes 2 or 3. 

Stops a scheduled transfer of slurry from the makeup tank to 
the feed tank. Reads an additional line from the input file 
BATCH.OAT, and schedules a subsequent transfer. 

Changes the flow rate of feed to the melter based on 
information in the input file FEEO.DAT. Reads an additional 
line from FEED.DAT, and schedules the next change in the feed 
rate. 

Starts a scheduled glass pour. Schedules the subsequent 
stoppage of the pour. 

Stops a scheduled glass pour. Writes the mass and 
composition of the pour to the appropriate output files. 
Reads another line from the input file POUR.OAT, and 
schedules the next pour. 
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TABLE 2.3. (contd) 

Name Descri t ion 

FSHIM 

FSTOP 

MSH!M 

MSTOP 

OFFGAS 

RECORD 

Starts a scheduled transfer of slurry from the cold chemical 
makeup tank to the feed tank. Schedu 1 es the subsequent 
stoppage of the transfer. Reads the apparent composition in 
the cold chemical makeup tank from the input file 
FSHIM.OAT. Sirrulates sant;~l ing and analytical error or slurry 
preparation error if MASBAL is run in modes 2 or 3 • 

Stops a scheduled transfer of 
makeup tank to the feed tank. 
the input file FSHIM.DAT, and 

slurry from the cold chemical 
Reads an additional line of 

schedules the next transfer. 

Starts a scheduled transfer of slurry from the cold chemical 
makeup tank to the melter. Schedules the subsequent stoppage 
of the transfer. Reads the apparent composition in the cold 
chemical makeup tank from the input file MSHIM.DAT. 
Simulates sampling and analytical error or slurry preparation 
error if MASBAL is run in modes 2 or 3. 

Stops a scheduled transfer of slurry from the cold chemical 
makeup tank to the melter. Reads an additional line of the 
input file MSHIM.DAT, and schedules the next transfer. 

Changes the rate of volatilization (of each constituent) to 
the offgas system based on information in the input file 
OFFGAS.DAT. Simulates off-gas sa~ling and analytical errors 
if MASBAL is run in modes 2 or 3. Reads an additional line 
of OFFGAS.DAT, and schedules the next change in the 
volatilization rate. 

Writes the composition (mass fraction of each constituent) in 
the last region of the melter to the appropriate output 
files. This subroutine is called at regular intervals 
specified by the user. 
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the design parameters specified by the user. The scheduling of discrete events 

is a function that is performed internally within MASBAL by making calls to 

appropriate SIMAN subroutines. The interested reader is referred to Pegden 

(1985) for a complete discussion of how discrete events are scheduled using 
SIMAN subroutines. 

After a MASBAL event subroutine has completed execution, control is passed 

back to the differential equation-solving algorithm of SIMAN. The simulation 

resumes with calls to the STATE or EVENT subroutines as necessary. Each time 

the simulation clock is advanced. SIMAN checks to see if the new time is 
greater than or equal to the time specified for ending the simulation. If it 

is greater. the time step is adjusted so that it ends at the specified time. 

When the ending time is reached. the simulation is stopped and a call is made 
to the WRAPUP subroutine. which closes all input and output files. After the 

files are closed. a FORTRAN STOP is executed. 

A listing of the MASBAL source code (excluding the proprietary SIMAN 
software) is provided on microfiche in a pocket on the inside of the front 

cover of this report. For those who are interested, a a hardcopy listing can 
be obtained directly from the author. 

2.5.3 State Variables 

MASBAL contains over 1900 state variables that define the state of the 
sinMJlated system at any point in time. The state variables correspond to the 
values of 

• total volumes or masses in tanks or melter regions 

• masses of individual constituents in tanks or melter regions 

• concentrations or mass fractions of constituents in tanks, melter 
regions, and streams 

• flow rates. 

All of the state variables are contained in the array S(I). which has 

2000 locations. Figure 2.6 and Table 2.4 show the correspondence between the 

state variables and the physical variables in the vitrification system. It 

should be noted that not all of the state variables are used in every run of 
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I From Cold Chemical Makeup Tank I I From Cold Chemical Makeup Tank I 
5(721) 5 (723) 
5(1730)-5(1829) 5(1830)-5(19291 

To 
From Makeup 

+ I Off-Gas 
Tank 5(722) 5 (730)- 5 (829) System 

I Hypothetical 
Mixing 

5(720) Point 

5 (16301- 5 (1729) 5(7241 
Feed Tank 

Malter · 5 (930)- 5 (1029) 

5 (1 14) Region 1 
Plug Flow 
or Ideally 

5 (1) 5(115)-5(214) 
Mixed 

5 (2)· 5 (1011 
5 (72511 

5(1030)-5(1129) 
Region 

5 (830) . 5 (929) 5 (215) Region 2 
5(216)-5(315) 
5 (1130)- 5(1229) 

5 (726) 
5 (316) Region 3 
5 (317)- 5 (4161 
5(1230)-5(1329) Ideally-

5(7271 Mixed 

Other Variables 
5 (417) Region 4 Regions 
5(418)-5(517) 

5 (102) 5 (1330)- 5 (14291 

5 (1031 5 (728) 
5 (518) Region 5 

5 (104) 
5(519)-5(6181 

5 (105)- 5 (113) 5 (14301- 5 (1529) 
5(1930) A 517291 5 (1931)· 5 (1936) 
5 (19371- 5 (20001 

Canister 
s (619) 
5 (620) . 5 (719) 

'--- 5(1530) 5(1629) . 

FIGURE 2.6. Correspondence Between State Variables and Physical 
Variables in MASBAL (NOTE: See Table 2.4 for Key) 

MASBAL. If less than 100 constituents are specified, for example, many of the 

array locations corresponding to the masses and concentrations of constituents 

in the feed tank and the various regions in the melter will not be used. Also, 

lf the melter is modeled as having less than five regions, only the variables 

for the specified number of regions will be used in the mass balance calcula

tions. Any regions that are not used are bypassed in the mass ba 1 ance 

calculations. 
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5 ( 1) 
5(2)-5(101) 
5(102) 
5(103) 
5(104) 
5(105)-5(113) 
5(114) 
5(115)-5(214) 
5(215) 
5(216)-5(315) 
5(316) 
5(317)-5(416) 
5(417) 
5(418)-5(517) 
5(518) 
5(519)-5(618) 
S(619) 
5(620)-5(719) 
5(720) 
S(721) 
5(722) 
5(723) 
5(724) 
5(725) 
5(726) 
S(727) 
5(728) 
5(729) 
5(730)-5(829) 

5(830)-5(929) 

5(930)-5(1029) 
5( 1030)-5( 1129) 
5(1130)-5(1229) 
5(1230)-5(1329) 
5(1330)-5(1429) 
5(1430)-5(1529) 
5(1530)-5(1629) 
5(1630)-5(1729) 

5(1730)-5(1829) 

5(1830)-5(1929) 

5(1930) 
S(1931)-S(1938) 
5(1937)-5(2000) 

TABLE 2.4. Key to Figure 2.6 

Total Volume in Feed Tanhk (L) 
Masses of Individual Constituents in Feed Tank (g oxide) 
Cumulative Mass into Region 1 in Melter (g oxide) 
Cumulative Mass out of Region 1 in Melter (g oxide) 
Total Mass of Glass in Melter (g oxide) 
Currently not used 
Total Mass of Region 1 in Melter (g oxide) 
Masses of Individual Constituents in Region 1 (g oxide) 
Total Mass of Region 2 in Melter (g oxide) 
Masses of Individual Constituents in Region 2 (g oxide) 
Total Mass of Region 2 in Melter (g oxide) 
Masses of Individual Constituents in Region 3 (g oxide) 
Total Mass of Region 4 in Melter (g oxide) 
Masses of Individual Constituents in Region 4 {g oxide) 
Total Mass of Region 5 in Melter (g oxide) 
Masses of Individual Constituents in Region 5 (g oxide) 
Total Mass of Current Glass Pour (g oxide) 
Masses of Individual Constituents in Glass Pour (g oxide) 
Flow Rate from makeup Tank (L/hr) 
Flow Rate from Cold Chemical Makeup Tank to Feed Tank (L/hr) 
Flow Rate from Feed Tank to Melter (L/hr) 
Flow Rate from Cold Chemical Makeup Tank to Melter (L/hr) 
Net Mass Flow Rate into Melter (g oxide/hr) 
Mass Flow Rate from Region 1 to Region 2 (g/hr) 
Mass Flow Rate from Region 2 to Region 3 (g/hr) 
Mass Flow Rate from Region 3 to Region 4 (g/hr) 
Mass Flow Rate from Region 4 to Region 5 (g/hr) 
Mass Flow Rate from Region 5 in Melter to Canister (g/hr} 
Mass Flow Rates of Individual Constituents to Off-Gas System 
(g oxide/hr) 
Concentrations of Individual Constituents in Feed Tank 
(g oxide/L) 
Mass Fractions of 
Mass Fractions 
Mass Fractions 
Mass Fractions 
Mass Fractions 
Mass Fractions 
Mass Fractions 
Concentrations 
(g oxide/L) 

of 
of 
of 
of 
of 
of 
of 

Individual 
Individual 
Individual 
Individual 
lndi vidual 
Individual 
lndi vidual 
Individual 

Constituents 
Constituents 
Constituents 
Constituents 
Constituents 
Constituents 
Constituents 
Constituents 

in Flow into Melter 
in Region 1 
in Region 2 
in Region 3 
in Region 4 
in Region 5 
in Glass Pour 
in Makeup Tank 

Concentrations of Individual Constituents in Cold Chemical 
Makeup Tank (g oxide/L) 
Concentrations of Individual Constituents in Cold Chemical 
Makeup Tank (g oxide/L) 
Total Mass Flow Rate into Melter (g oxide/hr) 
Input Values That Are Used to Trigger Discrete Events 
Currently Not Used 
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The values of the state variables can change during the simulation in two 

ways: 1) as prescribed by the differential and state equations in the STATE 

subroutine, and 2) as dictated by statements in MASBAL event subroutines. The 

first type of change is a continuous change, such as the gradual increase in 

mass fraction of a constituent in the melter after an increase in the concen

tration of the constituent in the feed. The second type of change is a 

discrete change, such as the stopping of a glass pour. 

2.5.4 Stochasm in MASBAL 

When MASBAL is run in either the second or the third mode (see Sec-

tion 2.3), it simulates random errors in process measurements and inherent 

fluctuations in the feed corrrposition (mode 3 only). MASBAL does this by ran

domly sampling statistical distributions that represent these errors or fluctu

ations. The most likely values of these distributions are either the actual 

values of process measurements (when simulating measurement errors) or the 

target or design concentrations of constituents in the feed (when simulating 

inherent fluctuations in the feed composition). The parameters that define the 

shapes of the distributions (e.g., standard deviations, minima, maxima) are 

specified by the user. 

Random sarfllling of the statistical distributions is accomplished by calls 

to appropriate SIMAN subroutines. Whenever a distribution is to be sampled, 

the parameters that define the distribution (e.g., the mean and standard 

deviation for a normal dlstribution) are passed to SIMAN as arguments in a 

subroutine call list. Control is then passed to a SIMAN algorithm that 

generates random numbers. After a random number is generated, a special SIMAN 

function translates the number to a representative value from the specified 

statistical distribution. This value is then returned to MASBAL as either the 

value of a process measurement or the concentration of a constituent in the 

feed • 

2.6 MASBAL FILES 

The complete MASBAL software package consists of the following files: 

• 35 FORTRAN source (text) files 
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• 11 text files containing MASBAL col1lllon blocks 

• 35 FORTRAN object files (compiled source files) 

o 2 special text files: the S!MAN experiment file (MASBAL.EXP) and the 
SIMAN model file (MASBAL.MOO) 

• 2 special object files (MASBAL.E and MASBAL.M) created by 

"processing 11 the experiment file and the model file with SIMAN 

processing programs 

• 1 special program file created by the SIMAN linker program (MASBAL.P) 

• 2 executable images of MASBAL created by linking the 35 FORTRAN 

object files with 4 SIMAN object files -One image is the production 

version of MASBAL, and the other is the debug version 

• 11 input files 

• several output files (the number varies depending on which version 

and which mode of MASBAL is run) 

• 6 VAX/VMS command files that facilitate the compiling, linking, and 
execution of MASBAL. 

The special SIMAN files and the two versions of MASBAL are discussed in 

greater detail in this section. The input files are the topic of Chapter 3.0, 
and the output files are discussed in Chapter 4.0. 

2.6.1 Special SIMAN Files 

In addition to all the FORTRAN files that comprise MASBAL and SIMAN, two 
special text files are included as part of the MASBAL software package. These 

files are the SIMAN model file and the SIMAN experiment file. The model file 
(MASBAL.MOO) is an empty file that exists only because it is required for 

execution of SIMAN. The experiment file (MASBAL.EXP) contains some important 

parameters that specify 1) dimensions of internal SIMAN arrays; 2) the minimum 

and maxiiTIJm time step sizes and the maxirum absolute and relative truncation 

errors for each time step taken by the Runge-Kutta-Fehlberg differential 

equation solving algorithm; and 3) conditions that trigger discrete events that 
are conditional on the state of the system. A listing of the MASBAL experiment 
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file is included at the end of Appendix A. The reader is referred to Pegden 

(1985) for a complete explanation of each of the elements in this file. The 

casual MASBAL user need not be concerned with this file 9 as all the parameters 

have been adjusted for proper MASBAL execution. 

Before MASBAL can be run, both the roodel file and the experiment file rrust 

be '~processed" by SIMAN. The model file is processed by running a program 

called the SIMAN model processor, and the experiment file is processed by 

running the SIMAN experiment processor. These processors interpret the 

information in the respective text files and create object files called 

MASBAL.M and MASBALE. The two object files are then linked to create a file 

called MASBAL.P. This is accomplished by running a program called the SIMAN 

linker. MASBAL.P rrust reside in the same work area as the MASBAL executable 

image or HASBAL will not run. The casual user need not be concerned with 

processing and linking the model and experiment files, as the MASBAL.P file has 

already been created and is provided in the MASBAL software package. 

2.6.2 Versions of MASBAL 

Two versions of MASBAL are available to the user: a production version 

and a debug version. The only difference between the two versions is that the 

debug version generates more output files. The additional files are useful for 

determin1ng the exact sequence of events that occurred during the simulation 

and for debugging the program. The production version runs somewhat faster 

than the debug version, because it does not access the dtsk as frequently. The 

debug version should be used when setting up new problems. as it is rruch easier 

to find errors in the input files when this version is run. The production 

version should be used when relatively minor changes are made to the inputs 

from one run to the next, or when a simulation is repeated several times to 

obtain a distribution of results (i.e., modes 2 or 3). The output generated by 

the two versions is discussed in Chapter 4.0. 

The FORTRAN coding for the two versions of MASBAL is identical except for 

the value of the variable NOEBUG in the PRIME subroutine. NOEBUG is used as a 

flag that tells MASBAL which set of output files to generate. In the produc

tion version, NOEBUG is set equal to zero, while in the debug version it is set 
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equal to 1. NDEBUG can be changed only by editing the source file PRIME.FOR; 

it cannot be changed from outside the program (i.e.~ via an input file). Both 

versions of MASBAL are included in the MASBAL software package. 
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3,0 INPUT FILES 

The MASBAL input files represent the only interface between MASBAL and the 

user. Before each run of MASBAL 9 the input files must be modified to reflect 

the changes that the user wants to make since the previous run. The modifica

tions should be made using a text editor such as the EDT editor (on DEC VAX 

computers running the VMS operating system). The program is then executed, and 

all input data are processed in the proper order. 

MASBAL has a tot a 1 of ll input fi 1 es. These fi 1 es and the modes of 

operation in which they are used are listed in Table 3.1. 

TABLE 3.1. MASBAL Input Files and Modes of Operation 
in Which They Are Used 

File Mode(s) 

MOOE ,OAT 1 ,2 ,3 

OESIGN.OAT 1,2,3 

INIT.DAT 1,2,3 

FEED .OAT 1,2 

POUR.OAT 1,2 

BATCH.OAT 1,2 

MAKEUP,OAT 1,2 

OFFGAS .OAT 1, 2 

FSHIM.DAT 1 ,2 

MSHIM.OAT 1,2 

STOCH.OAT 2,3 

In the deterministic mode {mode 1), all files except STOCH.DAT are used. 

In mode 2, all files are used. In mode 3, only MOOE.DAT, DESIGN.DAT, INIT.OAT, 

and STOCH.DAT are used. 

All of the input files are set up so that the user can quickly see where 

each input value is to be entered. The files are partially self-documenting, 

as they contain blocks of text that describe the inputs. All input values are 
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read from formatted fields. The formatting is indicated by asterisks and 

decimal points directly above the field from which the value is read. The 

following example serves to illustrate this. 

Suppose a file contains these two lines: 

INITIAL FEEU RATE (L/HR) = *** *** • 

In this case, the user will know 1) the value is to be entered in units of 

liters/hr, 2) the format field is F7.3 {for a real number with three places 

before and three places after the decimal point), and 3) the field starts in 

the second space after the equal sign. The user might enter the input value as 

follows: 

*** *** • 
INITIAL FEED RATE (L/HR) = 120.0 

It is very important that the inputs in each file be properly formatted, or 

MASBAL will not run correctly. 

Each input file and its contents are discussed in detail in this chapter. 

Examples of each file are provided in Appendix A {these are copies of printouts 

of input files that have been used in MASBAL runs). 

3.1 MOOE.DAT 

This file contains input data that control the logic in the simulation. 

The inputs are: 

• MODE - The user must choose 1, 2, or 3. The three modes are 

discussed in detail in Section 2.3. If the user chooses any number 

other than 1, 2, or 3, the code wi 11 give an error message. 

o LENGTH OF SIMULATION - The amount of real time that MASBAL simulates 
in a given run. The value rrust be specified in hours. 

o NUMBER OF REPEAT SIMULATIONS - The number of repeat runs that MASBAL 
performs when the code is run in modes 2 or 3. The runs wi 11 be 
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; dent i ca 1 except that each one wi 11 use a different random number 

stream for sampling statistical distributions. Each run~ therefore~ 

will give a slightly different set of results. The distribution of 

results over many runs can be used to establish confidence limits 

about the results obtained when the code is run in mode 1. When MODE 

= 1~ the number of repeat simulations defaults to 1 • 

• TIME INTERVAL FOR RECORDING COMPOSITION IN MELTER - This input is 
used to specify the time interval (in hours) for writing the 

predicted composition in the melter to the output files COMP1.0UT 

through COMPx.OUT (see Chapter 4.0). The default value is 5 hours. 

• COMPOSITION OF FUTURE BATCHES OF FEED - The user rust choose 1 or 2 
(1 for target~ 2 for same composition as last batch of feed). This 

input is used in modes 1 or 2 when the process data provided in the 

files BATCH.DAT and MAKEUP.DAT runs out before the simulation com

pletes. For example, if the user provides data for only two batches 

of feed, but the simulation requires four batches in order to run the 

specified length of time, MASBAL will automatically set the composi

tion of the last two batches of feed equal to either the target 

composition or the same composition as the last batch of feed. When 

the code is run in mode 3, this input defaults to 1 (target). 

• NUMBER OF BATCHES - This input is used only if 2 is chosen as the 

input for the COMPOSITION OF FUTURE BATCHES OF FEED; it is ignored 
otherwise. The value specifies the number of consecutive batches of 

feed that should have the same composition as the last batch. After 

this number of batches has been processed, all further batches will 

have the target composition. 

• NUMBER OF SAMPLES OF FEED PER BATCH - This input is used only if MODE 
= 2 or 3, and only for "future" batches if MODE = 2. The value must 

be an integer between 1 and 5. This value represents the number of 

replicate samples that are to be taken of the feed prior to transfer 

from the makeup tank to the feed tank. 
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• NUMBER OF ANALYSES PER SAMPLE OF FEED - This input is used only if 

MODE = 2 or 3, and only for "future" batches if MODE = 2. The value 

rust be an integer between 1 and 3. This value represents the number 

of replicate analyses that are performed on each sample of feed taken 

from the makeup tank prior to transfer to the feed tank. 

• OPTION- This is the option for modeling the mixing behavior in the 

melter. The user !Tl.ISt choose 1, 2, or 3. If 1 is chosen, the melter 

will be modeled as a single ideally-mixed tank. If 2 is chosen, the 

melter will be modeled as a plug flow region followed by one or two 

ideally-mixed regions in series. If 3 is chosen, the melter will be 

modeled as two to five ideally- mixed regions in series. If the user 

chooses any number other than 1, 2, or 3, the code will give an error 

message. 

• NUMBER - This input reflects the number of ideally-mixed regions that 

are to be modeled in the melter. If OPTION= 1, the input is ignored 

because this option pertains to only one ideally-mixed tank.. If 

OPTION = 2, the user must specify 1 or 2. If OPTION = 3, the user 

llk.ISt specify 2 to 5. Any numbers other than those mentioned here 

wi 11 give error messages. 

• VOLUME PERCENTAGES OF REGIONS IN MELTER- This input is the steady

state volume percentages of each region in the melter (i.e., when the 

melter is operating at the design feed rate and the design feed oxide 

1 oadi ng). The entries must be consistent with the option and the 

number of ideally-mixed regions specified in the preceding two 

inputs. For example, if OPTION = 2 and NUMBER = 2 (one plug flow and 

two ideally-mixed regions), then a non- zero value should be speci

fied under each of the first three locations. If OPTION= 2, the 

first region is always considered to be the plug flow region. 

Ideally-mixed regions should always be ordered from smallest to 

largest volume percentage. The volume percentages must add up to 

100.0 exactly or an error message will result. When OPTION= 1, the 

input is ignored. 
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3,2 DESIGN.DAT 

This file contains all the design parameters for the vitrification system. 

The parameters can be modified to accommodate any change in the design of the 

system. The inputs are: 

• CONSTITUENTS, TARGET COMPOSITION, and DECONTAMINATION FACTOR - These 
inputs are entered in tabular form under the appropriate column 

headings near the top of the file {"Constituent"~ 11Mass Frac. 11
, and 

"Decon. Factor"). Each constituent nrust be specified as an 

alphanumeric character string not more than 8 characters in length. 

The alphanumeric string should always start under the first asterisk 

that specifies the "Constituent" format field. All constituents that 

are to be included in the model must appear in the constituent list 

in this flle. The target glass composition (mass fraction) and the 

melter decontamination factor for each constituent should be entered 

to the right of the constituent name. The list of constituent names 

should always end with the string END, As MASBAL reads the input 

file, it looks for the string END to tell it when to stop reading 

constituent names. If END is not there, the run will terminate with 

error status. 

• TARGET OXIDE LOADING OF FEED -the target oxide loading of the feed 
slurry in grams per 1 iter 

• TARGET DENSITY OF FEED SLURRY - the target density of the feed slurry 
in grams per cubic centimeter 

• TARGET DENSITY OF GLASS - The target density of the glass in grams 

per cubic centimeter 

• VOLUME CORRECTION FOR STEAM JET - This input specifies a volume 
correction factor for the amount of water that is added to the feed 

during transfer from the makeup tank to the feed tank by steam jet. 

The units are 1 iters of feed per 1 iter of makeup tank slurry. The 

volume correction factor should always be greater than one. 

• TRANSFER RATE FROM MAKEUP TANK TO FEED TANK - the transfer rate in 
1 iters per hour 
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• RATE OF ADDITION OF "SHIMS" -the rate of addition of glass formers 

to either the feed tank or the melter in liters per hour 

• FEED RATE TO MELTER -the design feed rate to the melter in liters 

per hour 

• GLASS POURING RATE -the design pouring rate of glass from the melter 

in kilograms per hour 

• DURATION OF EACH GLASS POUR -the duration of each glass pour in 

hours 

• TIME BETWEEN POURS -the duration between glass pours in hours 

• VOLUME IN FEED TANK AFTER FILLING- the volume of slurry, liters, in 

the feed tank after each transfer from the makeup tank; this volume 

does not necessarily have to be the capacity of the feed tank. 

• VOLUME OF HEEL IN FEED TANK -the volume of slurry, liters, in the 

feed tank prior to each transfer from the makeup tank (in liters) 

• DESIGN WORKING VOLUME OF MELTER- the volume of glass, liters, that 

the melter is designed to hold 

• MAXIMUM VOLUME OF GLASS ALLOWED IN MELTER - the maximum volume of 

glass, liters, that the melter will safely accommodate 

• MINIMUM VOLUME OF GLASS ALLOWED IN MELTER -the minimum volume of 

glass, liters, that the melter will safely accommodate. 

• PARAMETER FOR ADJUSTMENT OF TIME CONSTANT - the value of the 

parameter a in Equations (2.7) and (2.8) of this report. This 

parameter is used to adjust the time that it takes for the mass of 

regions in the me 1 ter to respond to changes in the feed rate. A 

value from 1 to 5 is recommended. 

3.3 I NIT .OAT 

This file is used to specify initial values for the simulation. The 

; nitial values are assumed to be based on process measurements that are taken 

prior to the start of a run. The inputs are: 
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• INITIAL COMPOSITION IN FEED TANK - The inputs are entered in tabular 
form under the first set of column headings in the file. Alpha
numeric constituent names are entered in the "Constituent" column. 

These constituent names must be identical to the names used in the 
constituent list in DESIGN.DAT. If a constituent name does not match 

up with any constituent in DESIGN.DAT, an error message will result 

(a typographical error could cause this to happen). If a constituent 
is omitted from the list, MASBAL will assume that the initial compo

sition of that constituent in the feed tank is zero. A constituent 

name may appear more than once in the "Constituent" co 1 umn. Rep 1 i

cate constituent names indicate that replicate samples were taken of 

the feed. To the right of each constituent name, the user must enter 

the results of one to three analyses (for that constituent) in units 

of grams oxide/liter. The user should enter the number of analyses 
in the column labeled ''No. Anal." (this must be an integer from 1 to 

3). An example best illustrates this. Suppose the following lines 
are entered in the table: 

CONSTITUENT ANAL. ANALYSIS 1 ANALYSIS 2 
******** 
SI02 

SI02 

* 
3 

2 

*** *** • 
157.5 

152.5 

*** *** • 
162.5 

154.5 

ANALYSIS 3 
*** *** • 
162.5 

151.5 

MASBAL will interpret these lines as follows: Two samples were taken 

from the feed tank. The first sample was analyzed three times for 
SI02, with the results of the analyses being 157.5, 162.5, and 162.5 
g oxide/liter, respectively. The second sample was analyzed twice 
for SI02, with the results of the analyses being 152.5 and 154.5 (the 
151.5 is ignored in this case). The value taken as the initial 

composition in the feed tank will be the average of the five 
analyses. As with the constituent list in DESIGN.DAT, the 

constituent list here must end with the string END or else the run 
will terminate with errors. 
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• INITIAL COMPOSITION IN MELTER - The inputs are entered in the same 

manner as for INITIAL COMPOSITION IN THE FEED TANK except that the 
values are in units of mass fraction. 

• INITIAL VOLUME IN FEED TANK- the initial volume of slurry, liters, 
in the feed tank 

• INITIAL VOLUME OF GLASS IN MELTER -the initial volume of glass, 
liters, in the melter 

• INITIAL FEED RATE TO MELTER - the initial feed rate to the melter, in 

1 iters per hour 

• INITIAL VOLUME PERCENTAGES OF REGIONS IN MELTER - The volume 

percentages of each region in the melter at the start of the 

simulation. The entries must be consistent with the OPTION and the 

NUMBER of ideally-mixed regions specified in MODE.DAT. The order of 
the regions must be the same as in MODE.DAT. The last ideally-mixed 

region is the only region that must be specified as having an initial 

volume greater than zero. If the melter is idling prior to the start 

of a run, it is probably in a relatively ideally-mixed state. This 
situation can be simulated by specifying that all regions in the 

melter except the last region have an initial volume percentage of 
zero. All initial volume percentages must add up to 100.0 exactly or 

an error message will result. When OPTION= 1, the input is ignored. 

3.4 FEED.DAT 

This file contains input data specifying the times of changes in the feed 
rate and the new feed rate when these changes occur. The inputs must be 
ordered sequentially. Times (in hours) are entered in the 11Time 11 column and 

rates (in liters per hour) are entered in the .. Rate .. column. The last l i ne in 

the file should always be the last line of data; if the file ends with a blank 

line, the code will give unpredictable results. If there are no data, then the 

last line should be the line containing the asterisks that specify the format 

fields. In this case, the feed rate for the entire simulation will be equal to 
the initial feed rate specified in INIT.DAT. 
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3.5 POUR.DAT 

This file contains input data specifying the starting times, stopping 
times, and masses of each glass pour. The inputs must be ordered sequentially. 

Starting times (in hours) are entered in the "Start Time" column, stopping 

times (in hours) are entered in the "Stop Time" co 1 umn, and masses (in k i 1 a

grams) are entered in the "Mass of Pour" column. As in the case of FEED.DAT, 

the last line of data should always be the last line in the file; if this file 

ends with a blank line, the code will give unpredictable results. If there are 

no data, then the last line should be the line containing the asterisks that 

specify the format fields. If no data are specified, MASBAL will simulate 
glass pours that start and stop at regular intervals as specified by the values 

for the DURATION OF EACH GLASS POUR and TIME BETWEEN POURS in DESIGN.DAT. The 

pouring rate will default to the value specified for GLASS POURING RATE in 

OESIGN.DAT. 

3.6 BATCH.DAT 

This file contains input data specifying the starting and stopping times 

of batches to the feed tank and the volume in the feed tank at the beginning 

and end of each batch. It also contains data specifying the composition in the 

feed tank after each batch. With the exception of the first six lines in the 
file (which serve as a header), the entire file should appear as a series of 

repeated "blocks" of text that are identical except for the numerical values 

within each block. Each block should start with the line that contains the 

column headers "Start Time," "Stop Time," "Start Vol," "Stop Vol" and end with 
the line that has the string END in the "Constituent" column. The blocks 

should contain data for successive batches of feed (a new block should be added 
for each batch that is transferred from the makeup tank to the feed tank). The 
starting and stopping times should be specified in hours and the starting and 
stopping volumes in the feed tank should be specified in liters. The constitu

ent names and the results of analyses of the samples should be entered exactly 

as they are in INIT.OAT (see INITIAL COMPOSITION IN FEED TANK in Chapter 3.3). 

Composition data should be provided for each batch of feed. The data may not 
be available for the last batch, however, because of the lag time in getting 
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results back from the analytical laboratory (there may be as much as a 24 hour 

turnaround time for results from the analytical lab). If this is the case, the 

last line of the file should be the line containing the starting and stopping 

times of the last batch of feed (or any line between this line and the line 

that contains the asterisks used to specify format fields for the analytical 

results). If composition data are available for the last batch, the last line 

in the file should be the line that has the string END in the "Constituent" 

column. 

3.7 MAKEUP.DAT 

This file is used only if composition data for the last batch of feed to 

the feed tank are not yet available from the analytical laboratory. MAKEUP.DAT 

should contain data specifying the composition of the slurry in the makeup tank 

prior to the last transfer to the feed tank. MASBAL will use the composition 
in the makeup tank as the composition of the most recent batch (adjusted to 

account for water added by the steam jet during transfer to the feed tank ) 

until the results from the analytical laboratory are available. The constitu

ent names and the results of analyses of the samples should be entered exactly 

as they are in INIT.DAT (see INITIAL COMPOSITION IN FEED TANK in Chapter 3.3). 

This file should be updated every time another batch is transferred from the 
makeup tank to the feed tank. The last line in this file should always be the 

line that has the string END in the "Constituent" column. 

3.8 OFFGAS.DAT 

This file contains input data specifying the times at which samples are 
taken from the off-gas system and the analytical results from these samples. 
With the exception of the first five lines in the file (which serve as a 

header), the entire file should appear as a series of repeated "blocks" of text 

that are identical except for the numerical values within each block. Each 

block should start with the line that contains the asterisks specifying the 

format field for the time at which the sample(s) were taken and end with the 

line that has the string END in the "Constituent" column. The blocks should 

contain data for successive sets of samples from the off-gas system (a new 
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block should be added for each sample or set of samples taken). The sampling 

times should be specified in hours. The constituent names and the results of 
analyses of the samples should be entered exactly as they are in INIT.DAT (see 
INITIAL COMPOSITION IN FEED TANK in Chapter 3.3}, except that the values should 

• be in units of grams instead of gram oxide/liter. The last line in this file 

should always be the line that has the string END in the .. Constituent .. column • 

.. 

.. 

• 

3.9 FSHIM.DAT 

This file contains input data specifying the times at which glass formers 

are added to the feed tank and the volume and composition of each of these 
additions. With the exception of the first two lines in the file (which serve 

as a header), this file should consist of a series of .. blocks .. of text that are 

identical except for the numerical values within each block. Each block should 

contain data for a different addition of glass formers (sequentially ordered). 

All blocks should start with the line that contains the column headers .. Time 

(hrs) .. and 11 Volume (L) 11 and end with the line that has the string END in the 
constituent column. Times should be specified in hours and volumes in liters. 

For each addition, the user must specify a METHOD OF DETERMINATION of the 

slurry composition. This number should be specified as either 0 or 1 (the 

default is 1). The user should specify 1 if the composition of the added 
slurry is determined by taking samples of the slurry and analyzing these 

samples, and the user should specify 0 if the composition is known only to the 

extent that the user knows how the slurry was prepared (i.e., from knowing the 

amount of each glass former that was added to the slurry}. Composition data 
should be specified in exactly the same way as it is in INIT.DAT (see INITIAL 
COMPOSITION IN FEED TANK in Chapter 3.3). If METHOD OF DETERMINATION= 1, 
replicate constituent names may be used to indicate replicate samples, and the 

results of up to three analyses per sample can be specified in the .. Analysis 
1, .... Analysis 2, .. and 11Analysis 311 columns. If METHOD OF DETERMINATION = 0, 

however, the user should not enter replicates in the constituent list. Also, 
when METHOD OF DETERMINATION = 0, only the number in the .. Analysis 111 column 

will be read by MASBAL. The last line in this file should be the line contain
ing the string END in the constituent column. If there are no data, the last 

line should be the line containing the asterisks that specify the format fields 
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for "Time" and "Volume." If zero is specified as both the time and volume of 

the first addition, all other inputs will be ignored and MASBAL will assume 

that there are no glass former additions to the feed tank. 

3.10 MSHIM.DAT 

This file contains data specifying the times at which glass formers are 

added to the melter and the volume and composition of each of these additions. 
The file is structured exactly like FSHIM.DAT, so the reader is referred to 

Section 3.9 for a discussion of the inputs. 

3.11 STOCH .OAT 

This file contains data specifying the statistical distributions that are 

used to simulate errors in process measurements and inherent fluctuations in 
process variables. It also contains data specifying the parameters that define 

these distributions. The distributions and their parameters should be selected 

on the basis of information obtained from experiments aimed at characterizing 

the uncertainties in the process. STOCH.OAT is used only when MASBAL is run in 

modes 2 or 3. 

3.11.1 Statistical Distribut i ons 

MASBAL offers the user a choice of 10 statistical distributions for simu

lating errors in process measurements and inherent fluctuations in the feed 
composition. These distributions are described in detail in this section.(a) 
The numbers assigned to the distributions correspond to the numbers that the 
user must specify in STOCH.DAT when selecting a distribution. The first four 

distributions always have symmetrical probability density functions. The last 
six distributions can have either symmetrical or nonsymmetrical distribution 

functions depending on the parameters that the user specifies. The distribu

tions are: 

(a) Additional information about the statistical distribution can be obtained 
from standard statistics texts such as Choi (1978) and Tsokos (1972 ). 
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1. constant (point distribution) - This .. distribution .. is simply the 

deterministic value of a variable. It gives the user the option of 
treating some variables deterministically while treating others 

stochastically. 

2. normal (Gaussian) -The probability density function for this 

distribution is 

f(x) = (l/I21To} * exp{-0.5 * [(x - u}/o]
2

} 

where -~ < x < ~ 

u = mean 

a = standard deviation 

The mean of the distribution is the value of the variable that is 

passed from MASBAL (i.e., the deterministic value). 

3. uniform (symmetrical) -This distribution has a rectangular shaped 

probability density function, as shown in Figure 3.1. The distance 

between the maximum value of the distribution and the value of the 

variable that is passed from MASBAL is the same as the distance 
between the minimum value of the distribution and the value of the 

variable that is passed from MASBAL. 

4. triangular (symmetrical) -This distribution has a triangular shaped 
probability density function, as shown in Figure 3.2. The distance 

between the maximum value of the distribution and the value of the 
variable that is passed from MASBAL is the same as the distance 
between the minimum value of the distribution and the value of the 
variable that is passed from MASBAL. The minimum and maximum values 

both have a probability of zero (thus defining the base of the 
triangle) and the value of the variable that is passed from MASBAL 

has the highest probability (thus forming the apex of the triangle). 

s • lognormal -The probability density function for this distribution is 
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f(x) = (1/xl2no} * exp{-0.5 * [(ln(x) - ~)/o]2 } 

where x > 0 
~ = mean of y = ln(x) 

a= standard deviation of y = ln(x) 

f(x) 

f(x) 

a ~I· a 

I 
I 
I 

'./ I 

t t t 
Value Passed from 

MASBAL 

FIGURE 3.1. Probability Density Function for 
Symmetrical Uniform Distribution 

I~ •~- a --~~ lf-4•-- a --~~I 

Mintmum Value Passed from 
MASBAL 

Maxtmum 

FIGURE 3.2. Probability Density Function for 
Symmetrical Triangular Distribution 
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The mode (most likely value) of the distribution is the value of the 
variable that is passed from MASBAL. Since the lognormal distribution 
normally has zero as its lower bound, the user ITIJSt specify an "offset" 

(as a percentage of the mode). This offset is subtracted from the mode, . 
and the x-axis is transformed so that the offset point is treated as 
zero. The scale on the transformed axis is adjusted so that the distance 

between the offset point and the mode is equivalent to exp(~- a2), which 

is the distance between zero and the mode when Equation (3.2} is used as 

the probability density function. 

6. gamma- The probability density function for this distribution is 

f(x) = [1/r(a}Ba] * x(a- 1) * exp(-x/B), for x > 0, a,B > 0 (3.3) 

f(x) = 0, elsewhere (3.4) 

where a, B are parameters defining the shape of the distribution 

r(a} = gamma function of a. 

The mode (most likely value) of the distribution is the value of the 

variable that is passed from MASBAL. Because this distribution normally 

has zero as its lower bound, the user ITIJSt specify an "offset" (as a 

percentage of the mode). This offset is subtracted from the mode, and the 

x-axis is transformed so that the offset point is treated as zero. The 
scale on the transformed axis is adjusted so that the distance between the 

offset point and the mode is equivalent to (a- l)B, which is the distance 
between zero and the mode when Equation (3.3) is used as the probability 
density function. 

7. beta- The probability density function for this distribution is 

f(x) = [r(a + B)/r(a} r(s)] * x(a- 1) * (1 - x)(B- 1), (3.5} 

for 0 < X ( 1 

f(x) = 0, elsewhere (3.6 ) 
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where a, a are parameters defining the shape of the distribution. 

The mode (most likely value) of the distribution is the value of the 
variable that is passed from MASBAL. Because this distribution 

normally has zero as its lower bound, the user must specify an 

"offset .. (as a percentage of the mode). This offset is subtracted 
from the mode, and the x-axis is transformed so that the offset point 

is treated as zero. The scale on the transformed axis is adjusted so 

that the distance between the offset point and the mode is equivalent 

to {a- 1)/{a + a- 2), which is the distance between zero and the 
mode when Equation {3.5) is used as the probability density function. 

8. exponential -The probability density function for this distribution 
is 

f(x) = (1/ a) * exp(-x/a), for x > 0, 

f(x) = 0, elsewhere. 

where a is a parameter defining the shape of the distribution. 

This distribution is actually a special case of the gamma distribu
tion when a= 1. The mode of the distribution is the value of the 
variable that is passed from MASBAL. According to Equation (3.7), 

zero is the most likely value in the distribution, so the the x-axis 
is transformed such that the value of the variable passed from MASBAL 
is treated as zero. The user must specify an "offset" that defines 

an x-axis transformation such that the distance between the offset 
point and the value of the variable passed from MASBAL is equivalent 

to the distance between 0 and 1 on the non-transformed axis. 

9. nonsymmetrical uniform - This distribution has a rectangular 

probability density function, as shown in Figure 3.3. Unlike the 

symmetrical uniform distribution, the distance between the maximum 

value of the distribution and the value of the variable that is 
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FIGURE 3.3. Probability Density Function for 
Nonsymmetrical Uniform Distribution 

passed from MASBAL is not necessarily the same as the distance 
between the minimum value of the distribution and the value of the 

variable that is passed from MASBAL. 

10. nonsymrnetrical triangular - This distribution has a triangular 

probability density function, as shown in Figure 3.4. Unlike the 

symmetrical triangular distribution, the distance between the maximum 

value of the distribution and the value of the variable that is 
passed from MASBAL is not necessarily the same as the distance 

between the minimum value of the distribution and the value of the 

variable that is passed from MASBAL. The minimum and maximum value 

of the distribution and the value of the variable that is passed from 
MASBAL is not necessarily the same as the distance between the 
minimum value of the distribution and the value of the variable that 
is passed from MASBAL. The minimum and maximum values both have a 
probability of zero (thus defining the base of the triangle) and the 
value of the variable that is passed from MASBAL has the highest 

probability (thus forming the apex of the triangle) • 
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FIGURE 3.4. Probability Density Function for 
Nonsymmetrical Triangular Distribution 

3.11.2 User-Specified Inputs 

The user specifies the stastical distributions that describe each of the 
uncertainies in the process as well as all the parameters necessary to define 

these distributions. In MASBAL, the user must always specify one of the first 

four distributions listed in Section 3.11.1 to describe errors in process 

measurements. This constraint exists because it is believed that all measure

ment errors are characterized by symmetrical distributions (the measured value 

comes from a distribution having a mean equal to the true value of the measured 
variable). This constraint does not apply to sources of inherent variability 

in the system, such as the batch-to-batch variability in the composition of the 
feed and the variability in the amount of water added to the slurry by the 

steam jet (both of which contribute to the overall variability in the feed 

composition). 

Bias in process measurements is not strictly addressed in MASBAL because 

it is not a random error. If a measurement is known to have bias, the bias 

should be removed before the measurement is entered in one of the input files. 

The inputs in STOCH.DAT are described in this section. The reader is 
referred to Appendix A to see how the inputs are formatted in a typical 

STOCH .OAT fi 1 e. 
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• TIME DISTRIBUTION - The user must choose one of the first four 

distributions in Section 3.11.1 for simulating errors in time 
measurements. A distribution is specified by entering an integer 

from 1 to 4. The user is limited to a choice of symmetrical distri

butions because it is believed that the error in measuring time will 

always be symmetrically distributed about the true time. If the user 
specifies an integer other than 1 to 4, the code will give an error 

message. 

• TIME STANDARD DEVIATION - This specifies the "width" of the time 

distribution (in hours). If 1 is chosen as the distribution, the 

input is ignored. If 2 is chosen, the input is taken to be the 

standard deviation of a normal distribution that has a mean equal to 
the measured time. If 3 or 4 is chosen, the input is added and 

subtracted from the measured time to obtain the maximum and minimum 

of the distribution. 

• FEED TANK VOLUME DISTRIBUTION - Discussion is analogous to TIME 
DISTRIBUTION except that this distribution is for simulating errors 

in measuring the level in the feed tank. 

• FEED TANK VOLUME STANDARD DEVIATION - Discussion is analogous to TIME 
STANDARD DEVIATION except that the units are liters. 

• FEED RATE DISTRIBUTION - Discussion is analogous to Tit~E DISTRIBUTION 
except that this distribution is for simulating errors in measuring 

the feed rate. 

• FEEO RATE STANDARD DEVIATION - Discussion is analogous to TIME 
STANDARD DEVIATION except that the units are liters per hour. 

• GLASS POUR MASS DISTRIBUTION - Discussion is analogous to TIME 
DISTRIBUTION except that this distribution is for simulating errors 

in measuring the mass of glass pours. 

• GLASS POUR MASS STANDARD DEVIATION - Discussion is analogous to TIME 

STANDARD DEVIATION except that the units are kilograms. 
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• GLASS FORMER ADDITION DISTRIBUTION - Discussion is analogous to TIME 

DISTRIBUTION except that this distribution is for simulating errors 
in measuring the volume of slurry added to either the feed tank or 

the melter. 

• GLASS FORMER ADDITION STANDARD DEVIATION - Discussion is analogous to 
TIME STANDARD DEVIATION except that the units are liters. 

• MELTER GLASS VOLUME DISTRIBUTION - Discussion is analogous to TIME 

DISTRIBUTION except that this distribution is for simulating errors 

in measuring the volume of glass in the melter. 

• MELTER GLASS VOLUME STANDARD DEVIATION - Discussion is analogous to 

TIME STANDARD DEVIATION except that the units are liters . 

• SLURRY SAMPLING ERROR - The inputs must be entered in tabular form. 

All alphanumeric constituent names that appear in the constituent 

list in DESIGN .DAT must be entered in the .. Constituent .. column. A 

distribution for each constituent rrust be entered in the "Dist." 

column, and a standard deviation for each constituent is entered in 

the "Std. Dev" column. The distributions are used to simulate 

sampling errors that occur when a slurry sample is taken (from either 

the makeup tank or the feed tank ). The sampling errors result in 
sample-to-sample variation when replicate samples are taken. Each 

constituent rrust be assigned a distribution (from 1 to 4}. If a 
constituent is left out, or if an integer other than 1 to 4 is 
specified for the distribution, the code wi l l give an error 
message. All standard deviations should be specified as percentages 

of the measured values (relative percent error) . If distribution 1 
is specified for a constituent, the standard deviation of that 

constituent is ignored. 

• SLURRY ANALYTICAL ERROR - Discussion is analogous to SLURRY SAMPLING 

ERROR except that the distributions are used to simulate errors in 

analyzing the slurry samples. 
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• OFF-GAS SAMPLING ERROR - Discussion is analogous to SLURRY SAMPLING 
ERROR except that the distributions are used to simulate errors that 

occur when off-gas samples are taken. 

• OFF-GAS ANALYTICAL ERROR- Discussion is analogous to SLURRY SAMPLING 
ERROR except that the distributions are used to simulate errors in 

analyzing the off-gas samples • 

• GLASS SAMPLING ERROR - Discussion is analogous to SLURRY SAMPLING 
ERROR except that the distributions are used to simulate errors that 

occur when glass samples are taken. 

• GLASS ANALYTICAL ERROR - Discussion is analogous to SLURRY SAMPLING 
ERROR except that the distributions are used to simulate errors in 

analyzing the glass samples. 

• SHIM PREPARATION ERROR - Discussion is analogous to SLURRY SAMPLING 
ERROR except that the distributions are used to simulate the 

uncertainty in knowing the composition of a slurry mixture based on a 

knowledge of h<111 the slurry was prepared (i.e., knowing the amount of 

each ingredient that was added to the mixture). 

• BATCH-TO-BATCH FEED VARIATION - The inputs must be entered in tabular 
form. All alphanumeric constituent names that appear in the con

stituent list in OESIGN.DAT rust be entered in the "Constituent" 

column. A distribution for each constituent rrust be entered in the 

"Oist. 11 column. The user may choose any of the ten distributions 

described in Section 3.ll.1~ except for the symmetrical uniform and 

symmetrical triangular distributions (these distributions can still 

be specified by selecting the nonsymmetrical uniform or triangular 

distributions an setting the distance between the maxima and the mode 

equal to the distance between the minima and the mode). The distri

butions are specified by entering any integer from 1 to 10 (except 3 

or 4). The distributions are used to simulate the variation in feed 

composition that occurs from batch to batch when MASBAL is run in 

MODE 3 (or when "future" batches occur in mode 2). Values for 11 A11
, 

3.21 



"B", and "C" should be entered for each constituent in the appro

priate column. A, B, and C are interpreted differently for different 

distributions. A "key" for interpretation of A, 8, and C for each 

distribution is provided above the batch-to-batch feed variation 

table in STOCH.DAT (see printout in Appendix A). The key is 

described in greater detail here: 

Di st. 

1 

Parameters 

A, B, and C are ignored (no parameters). 

2 A- standard deviation specified as a percentage of the value 
that is passed from MASBAL. 

8 and C are ignored. 

5 A- mean for a log-normal distribution 
8 - standard deviation for a log-normal distribution 
C - offset specified as a percentage of the value that is passed 

from MASBAL - The offset is subtracted from the value passed 
from MAS8AL. The resulting value is then taken as the point 
where the distribution first attains a probability greater 
than zero. The value passed from MAS8AL is used as the mode 
of the distribution. 

6 A- Value of alpha in the probability density function for a 

7 

gamma distribution. 
B- Value of beta in the probability density function for a 

gamma distribution. 
C - Offset specified as a percentage of the value that is passed 

from MAS8AL. The offset is subtracted from the value passed 
from MASBAL. The resulting value is then taken as the point 
where the distribution first attains a probability greater 
than zero. The va 1 ue passed from MAS8AL is used as the mode 
of the distribution. 

A- Value of alpha in the probability density function for a 
beta distribution. 

8 -Value of beta in the probability density function for a beta 
di stri buti on. 

C - Offset specified as a percentage of the value that is passed 
from MAS8AL The offset is subtracted from the value passed 
from MAS8AL. The resulting value is then taken as the point 
where the distribution first attains a probability greater 
than zero. The value passed from MASBAL is used as the mode 
of the distribution. 

3.22 

• 



• 

• 

Dist. 
8 

Parameters 

A- Value of beta in the probability density function for a 
exponential distribution. 

B -Offset specified as a percentage of the value that is passed 
from MASBAL. The offset defines an x-axis transformation 
such that the distance between the offset point and the 
value of the variable passed from MASBAL is equivalent to 
the distance between 0 and 1 on the non-transformed axis 
(see Equation 3.7) • 

C - ignored. 

9 A - Maximum value for the uniform distribution specified as a 
percentage of the value that is passed from MASBAL. 

B - Minimum value for the uniform distribution specified as a 
percentage of the value passed from MASBAL. 

C - ignored. 

10 A- Maximum value for the triangular distribution specified as a 
percentage of the value that is passed from MASBAL. 

B -Minimum value for the triangular distribution specified as a 
percentage of the value passed from MASBAL. 

C - ignored. 

• STEAM JET VOLUME CORRECTION FACTOR DISTRIBUTION - A distribution must 
be specified under "Dist.", and a value for A, B, and C must be 

specified under the appropriate letter. The distribution can be 

specified by entering any integer from 1 to 10, except 3 or 4. A, B, 

and C are interpreted differently for different distributions (see 
BATCH-TO-BATCH FEED VARIATION). The specified distribution is used 
to simulate the uncertainty in the volume correction factor for the 

amount of water that is added to the feed during transfer from the 
makeup tank to the feed tank by steam jet • 
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4.0 OUTPUT FILES 

The primary output generated by MASBAL is the composition of the glass 

exiting the melter as a function of time. When the production version of 

MASBAL is run. the glass composition data are essentially the only output that 

the code produces. When the debug version is run, however, several output 

, files are generated in addition to those generated by the production version. 

These files are useful for determining the exact sequence of events that 

occurred in the simulation and for debugging the program. The files generated 

by both versions are discussed in the following sections. Examples of all 

output files are provided in Appendix B. 

4.1 OUTPUT FILES GENERATED BY PRODUCTION VERSION 

Only two sets of files are generated when the production version of MASBAL 

is run. The first set of files provides information on the glass composition 

{mass fraction) in the last region of the melter as a function of time. These 

files have the names COMP1.0UT through COMPx.OUT. where x is a number between 1 

and 20. A separate file is written for every five constituents that are 

specified in the model {a maximum of 20 files are created when 96 to 100 

constituents are specified). Two examples of COMPx.OUT files are given in 

Appendix C (COMP1.0UT and COMP2.0UT). The time interval for writing the mass 

fractions to the files is specified by the user in the input file MOOE.DAT. 

The second set of output files generated by the production version of 

MASBAL provides information on the masses and average compositions of each 

glass pour. The file PORSUM.OUT gives the starting and stopping times and 

masses (in kilograms) of each pour. The files POURl.OUT through POURx.OUT 

(where x is a number between 1 and 20) give the average mass fraction of each 

constituent in each of the pours. The pours are numbered for cross reference 

between the different files. A separate file named POURx.OUT is created for 

every five constituents specified in the model. Examples of PORSUM.OUT and 

POURx.OUT (POUR1.0UT and POUR2.0UT) are given in Appendix B. 
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4.2 OUTPUT FILES GENERATED BY DEBUG VERSION 

When the debug version of MASBAL is run. several files are generated in 

addition to those generated by the production version. These files are divided 

into two categories: 1) those that are generated before the s i mu 1 at ion begins. 

and 2) those that are generated during the sirrulation. All the files that fall 

into the first category have the extension ... ECH". The data written to these 

files are "echoes" of input data that are read by the PRIME subroutine and by 

the various subroutines that PRIME calls. All the files that are generated 

during the sirrulation have the extension ".OUT 11
• The following list provides a 

brief description of the contents of each of the output files generated by the 

debug version of MASBAL (excluding the files that are generated by the 

production version): 

• BATRD.ECH- Contains echoes of initial data read from the input file 

BATCH.DAT by the subroutine BATRD. If MASBAL is run in modes 2, the 

values in BATRO.ECH will differ slightly from the values in BATCH.OAT 

because random measurement errors will be sirrulated. If MASBAL is 

run in mode 3, this file is not generated. 

• DSNRD.ECH- Contains echoes of all the data read from the input file 

DESIGN.DAT by the subroutine DSNRD. 

• FEEDRD.ECH- Contains echoes of initial data read from the input file 

FEED.DAT by the subroutine FEEDRD. If MASBAL is run in modes 2, the 

values in FEEDRD.ECH will differ slightly from the values in FEED.DAT 

because random measurement errors wi 11 be simulated. If MASBAL is 

run in mode 3, this file is not generated. 

• FSHRD.ECH- Contains echoes of initial data read from the input file 

FSHIM.OAT by the subroutine FSHRD. If MASBAL is run in modes 2, the 

values in FSHRO.ECH will differ slightly from the values in FSHIM.DAT 

because random measurement errors will be sirrulated. If MASBAL is 

run in mode 3, this file is not generated. 
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• INITRO.ECH- Contains echoes of all the data read from the input file 

!NIT.DAT by the subroutine !NITRO. If MASBAL is run in modes 2 or 3, 

the values in INITRD.ECH will differ slightly from the values in 

INIT .OAT because random measurement errors will be silll.Jlated • 

• MODERD.ECH -Contains echoes of all the data read from the input file 

MDDE.DAT by the subroutine MODERD. 

• MSHRD.ECH - Contains echoes of initial data read from the input file 

MSHIM.DAT by the subroutine MSHRD. If MASBAL is run in modes 2, the 

values in MSHRD.ECH will differ slightly from the values in MSH!M.DAT 

because random measurement errors will be silll.Jlated. If MASBAL is 

run in mode 3, this file is not generated. 

• OFFRD.ECH- Contains echoes of initial data read from the input file 

OFFGAS.DAT by the subroutine DFFRD. If MASBAL is run in modes 2 or 

3, the values in OFFRD.ECH will differ slightly from the values in 

OFFGAS.OAT because random measurement errors will be simulated. If 

MASBAL is run in mode 3, this file is not generated. 

• POURRD.ECH - Contains echoes of initial data read from the input file 

POUR.DAT by the subroutine POURRD. If MASBAL is run in modes 2 or 3, 

the values in POURRD.ECH will differ slightly from the values in 

POUR .OAT because random measurement errors wi 11 be s i mu 1 ated. If 

t.W.SBAL is run in mode 3, this file is not generated. 

• PRIME.ECH- If MASBAL is run in mode 3, this file contains the time 

at which the first glass pour is scheduled to start. If MASBAL is 

run in modes 1 or 2, this file is empty. 

• STOCRD.ECH -Contains echoes of all the data read from the input file 

STOCH.DAT by the subroutine STOCRD. If MASBAL is run in mode 1, this 

file is not generated. 

• BATCH.OUT -Contains the starting and stopping times of transfers of 

slurry from the makeup tank to the feed tank, and the simulated con

centrations of each constituent in the feed tank after each transfer. 

BATCH.OUT also contains echoes of data read from the input file 

BATCH.DAT durfng the simulation. If MASBAL is run in mode 2, the 
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siiTl..llated times and concentrations will differ slightly from the 

values in BATCH.DAT because random measurement errors will be 
simulated. If MASBAL is run in mode 3~ the times and concentrations 

will not be read from BATCH.DAT, but they will be generated 

internally by the program. In this case, BATCH.OUT will contain 

echoes of the internally generated times and concentrations. The 
concentrations written to the file will correspond to concentrations 

in the makeup tank, which differ from concentrations in the feed tank 

because water is added to the slurry during the transfer from the 

makeup tank to the feed tank (as a result of the steam jet). 

• CHGREG.OUT - Contains the times at which the subroutine CHGREG is 

called and the name of the subroutine that made the call. CHGREG is 

called each time the melter feed rate or feed composition changes, as 

these changes wi 11 cause the masses of the various regions in the 

melter to change (assuming that the melter is not modeled as a single 

ideally-mixed region). 

• FORATE.OUT - Contains the times at which the melter feed rate changes 
and the new feed rate after each change. FORATE.OUT also contains 

echoes of data read from the input file FEEO.OAT during the 

simulation. 

• OFFGAS.OUT - Contains the times at which the offgas system is sampled 
and the volatilization rates of each constituent, which are calcu
lated from the offgas data. OFFGAS.OUT also contains echoes of data 

read from the input file OFFGAS.OAT during the simulation. When 
MASBAL is run in mode 3, this file is enJ,Jty. 

• PORHIS.OUT - Contains the times at which glass pours are started and 
stopped and the masses of the pours (in chronological order). 

Information specifying whether a glass pour was 1) scheduled from 

POUR.DAT, 2) scheduled as a "future pour" from within MASBAL, or 

3) interrupted as a result of a l0o11 glass level in the melter is also 

contained in PORHIS.OUT. 
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• REGMAS.OUT - Contains the mass of each region in the melter as a 

function of time. The interval for writing the masses to the file is 

the same as the interval for writing mass fractions in the last 

region of the melter to the COMPx.OUT files (see Section 4.1). This 

i nterva 1 is specified by the user in MODE .OAT. 

• SHIMS.OUT - Contains the times at which glass formers are added to 

either the feed tank or the melter and the compositions of the 

slurries that are added. If glass formers are added to the feed 

tank, the composition in the feed tank immediately after the addition 

is written to the file. SHIMS.OUT also contains echoes of data read 

from the input files FSHIM.DAT and MSHIM.DAT during the simulation. 

When MASBAL is run in mode 3, SHIMS.OUT is empty. 
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5.0 EXECUTION OF MASBAL 

To execute MASBAL, the SIMAN simulation language rrust be installed on the 

host computer system, and the following files must be present in the default 

• directory: 

• 

• 

• DMASBAL .EXE 
• PMASBAL .EXE 
• MASBAL.P 
• The 11 input files described in Chapter 3.0. 

If MASBAL is installed on a Digital Equipment Corporation VAX/VMS computer 

system, the VAX/VMS command files supplied with the MASBAL software package can 

be used to run the program. If another computer system is used, a specific set 

of instructions will have to be developed to properly execute the program. 

MASBAL can be run in either interactive mode or batch mode. The advantage 

of running the program in batch mode is that once the job is submitted, the 

user can issue other commands or log out while the job is executing. If MASBAL 

is run in the interactive mode, the user will have to wait until the run 

completes before the terminal can be used for other commands. An advantage to 

running in the interactive mode is that the user will know immediately if an 

execution error or an error due to improper setup of the input fi 1 es occurs. 

Assuming that ~ASBAL is installed on a VAX computer, the following 

commands can be issued to execute the program: 

• OMASBAL- to run the debug version in interactive mode 

• PMASBAL - to run the production version in interactive mode 

• OMASBAT to run the debug version in batch mode 

• PMASBAT -to run the production version in batch mode. 

The time required to complete a run is dependent on several factors, the 

most important of which are the length of the simulation and the number of 

constituents in the simulation. The run time is almost directly proportional 

to the length of the simulation (doubling the sirulation length will double the 

run time), but it is less than directly proportional to the number of constitu

ents (daub ling the number of canst i tuents will increase the run time but not by 
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a factor of two). The exact time required for a run will depend on the com

puter system used and the number of other active processes on the system. 

Regardless of whether MASBAL is run in the batch or interactive mode, the 

code does not prompt the user for information. 

in the MASBAL input fi 1 es prior to the start of 

All information must be present 

the run. If the information in 

the input fi 1 es is erroneous or inconsistent, the run wi 11 either terminate 

with error status or complete with results that are obviously incorrect. 
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6.0 TEST C~SES 

During the development of MASBAL~ several test cases were run to test 

various features of the program. Some of these test cases provide excellent 

dernonstrat ions of the capabi 1 it i es of MAS BAL. 

6.1 BORON TR~CER STUDIES 

In one series of test cases, a step 

in the feed to the melter was simulated. 

hours of operation of the me 1 ter (when a 

the makeup tank to the feed tank). The 

change in the concentration of boron 

The step change occurred after 10 

new batch of feed was transferred from 

concentration of boron in the feed tank 

prior to the transfer was 35 g oxide/L, corresponding to a mass fraction of 

s2o3 in the glass of 0.1. The concentration of boron in the feed tank after 

the transfer was 70 g oxide/L, corresponding to a mass fraction of s203 in the 

glass of 0.2 (the concentration of silicon in the feed tank simultaneously 

dropped from 175 g oxide/L to 140 g oxide/L in order to maintain constant oxide 

loading in the feed). 

Seven cases were run in which the mixing characteristics of the melter 

were modeled differently. The seven variations of modeling the melter were: 

1. one ideally-mixed tank 

2. two ideally-mixed regions in series, with each region representing 

50% of the melter volume 

3. three ideally-mixed regions 1n series, with each region representing 

33.3% of the me lter vo 1 ume 

4. four ideally-mixed regions in series, with each region representing 

25% of the me lter vo 1 ume 

5. five ide ally-mixed regions in series, with each region representing 

20% of the me lter vo 1 ume 

6. a plug flow region and an ideally-mixed region in series - The plug 

flOfl region represented 20% of the melter volume 
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7. a plug flow region and two ideally-mixed regions in series- The plug 

f1CPN region represented 20% of the melter volume, and each of the 

ideally-mixed regions represented 40% of the melter volume. 

The results of the seven runs are shown graphically in Figures 6.1 and 

6.2. The curves show how the composition of s2o3 in the last region of the 

melter varied with time as a function of how the melter was modeled. These 

curves are in excellent agreement with results calculated analytically. The 

shapes of the curves could be altered somewhat by changing the relative volume 

percentages of the various regions in the melter. 

These test run results imply that the parameters in MASBAL could be 

adjusted to fit the behavior observed in actual melter tracer studies. In this 

way~ MASBAL could be 11 Calibrated" to simulate a specific melter system~ such as 

the West Valley CTS. 

6.2 STARTUP FROM AN IDLING CONDITION 

A series of test cases was run in which a plant startup was simulated. In 

all of these cases, the melter was modeled as having more than one ideally

mixed region at steady state, but the initial conditions dictated that the 

melter be a single ideally-mixed region at the start of the simulation. This 

situation corresponds to a melter that is initially idling~ as it is believed 

that idling melters are ideally-mixed. The purpose of the runs was to test the 

algorithms that describe the change in mass of the various regions in the 

melter as a function of feed rate (see Section 2.4.3). 

The output from one of the test cases is shown in Figure 6.3. In this 

case~ the melter was modeled as having two ideally-mixed regions of equal 

volume at steady state. The value of 8 in Equation (2.7} was specified as 

2.0. The curves in Figure 6.3 are in excellent agreement with the predictions 

of Equation (2.8), which is the analytical solution of Equation (2.7). The 

zig-zag appearance of the curve for the second region is a result of simulating 

batch glass pours. This pouring strategy causes the mass of the region to 

fluctuate. 
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6.3 VARIABILITY IN GLASS COMPOSITION AS A FUNCTION OF 
VARIABILITY IN FEED COMPOSITION 

A series of runs was conducted in which a 5% variability in the feed com
position was simulated. This variability was propagated through the simulated 

vitrification system, giving rise to a fluctuating glass composition. The runs 

were conducted using mode 3 of MASBAL. 

The concentration of each constituent in each batch of feed was randomly 
sampled from a normal distribution having a mean of the target concentration 

and a standard deviation equal to 5% of the target concentration. There were 
no sampling or analytical errors simulated in any of these runs. The melter 

was always modeled as one ideally-mixed tank, and the initial composition of 

the glass in all runs was the target composition. 

The simulated concentrations of B2o3 in the glass from 10 of the runs are 
shown in Figure 6.4. Each run simulated 1000 hours of operation of the melter 

system, corresponding to seven batches of feed per run. The differences 

between the simulated glass compositions and the target glass composition could 

be used to construct confidence intervals about the target composition. 

It should be pointed out that the fluctuations in the concentrations of 
each of the constituents in the feed were simulated as being completely 

independent of each other. In reality, some of the constituent concentrations 
may be highly correlated (for example, if two glass former constituents come 

from the same source, they can be expected to be highly correlated). This 
situation could be simulated by MASBAL with some minor modifications to the 

program. 

6.4 UNCERTAINTY IN PREDICTED GLASS COMPOSITION AS A RESULT 
OF SAMPLING AND ANALYTICAL ERRORS 

A series of runs was conducted in which 5% errors in sampling and 
analyzing the feed were simulated. As a result of these errors, the predicted 

composition of the glass fluctuated randomly about the actual composition. The 

runs were conducted using mode 3 of MASBAL. 
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The actual composition of each batch of feed was simulated as the target 
composition. Therefore, the actual composition of the glass in all runs should 

have been the target composition. The apparent concentration of each con

stituent in the feed tank, however, differed from the actual concentration 
because of sampling and analytical errors. Sampling errors were simulated by 

randomly sampling a normal distribution having a mean equal to the target 

concentration and a standard deviation equal to 5% of the target concentra

tion. Analytical errors were simulated by sampling a normal distribution 

having a mean equal to the simulated sample concentration and a standard 

deviation equal to 5% of this concentration. The melter was always modeled as 

one ideally-mixed tank. 

Two different sets of runs were conducted. In the first set, the feed 
sampling and analytical strategy consisted of taking only one feed sample and 

one analysis of that sample·. In the second set of runs, the strategy consisted 

of taking three feed samples and then analyzing each sample three times ( for a 

total of nine analyses). 

The simulated concentrations of s2o3 in the glass from the two sets of 

runs are shown in Figures 6.5 and 6.6. In all of the runs, the actual concen

tration of s2o3 in the glass was the target concentration (0.10 mass frac
tion). The simulated fluctuations occurred as a result of the sampling and 

analytical errors. Each run simulated 1000 hours of operation of the melter 

system, corresponding to seven batches of feed per run. Figure 6.5 shows the 
results from ten runs in which the sampling/analytical strategy consisted of 

one sample and one analysis of each sample. Figure 6.6 shows the results from 
10 runs in which the sampling/analytical strategy consisted of three samples 
and three analyses of each sample. As expected, the ability to predict the 

composition of the glass exiting the melter improved significantly when more 

samples and more analyses were taken. The differences between the simulated 

glass compositions and the target glass composition could be used to construct 

confidence intervals about the predicted (i.e., target) composition. 
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- FEE:! TANT BATCHDl] I~F·jKMJ\'fi 1_·N, ING.lJOI!\";~ CUMFO!)rTION ;:r,; ?EEL' :-Nil\ 
AF"I'ER t:ACH TRANSFE:< ('!'IM£2 I:-.1 rt,;:.Jf;.S. VOC.UM£:7: :~J :.:TE:RSl 

FOR RESUL':;: OF COHPO;:;:TIUNAL ANALYSES, ENTZ<; TH::: :JUM3EF: OF ;..n.~.:..i::;E:? 

IN NO. ANAL. COLUMN. 3PE::::FY MULTIFL~ St",."'!FLES BY ENTERH<G ;:;:JFLlCt"'..TE 
IN THE CONSTITUENT LIST. LIST MUST END WI7H "END·· IN THl:. CONSTTTTIENT 
COLUMN. 

START TIME STOP :!ME START VOL STOP VOL 
"""'"'"'"'·""'"' "'"'"'"'"'·""'"' 

,.,.,.,.,.._~. ... "'"'"'"'"'·"" 10.0 E.42 1892.5 18925.0 
RESULTS Of COMPOS!T:ONAL ANALYSES: 

tW. ------------ G OXIDEIL -------------
CONSTITUENT ANAL. ANALYSIS l ANAL'lS!S 2 fu'lALYSIS 3 

""'"'"'"'""'"' • ......... ~. .... *"'"·"'"'"' ""'*.1<"'1< 
sro:: l ~22.5 126.0 128.0 
B203 l 70.0 65.0 65.0 
NA20 l 25.0 37.0 3i.O 
FE203 l 28.0 26.0 26.0 
K20 l 28.0 30.0 30.G 
CS20 l l. 75 1. 85 :..as 
SRO l 1. 75 1.65 l. 65 
NIO l 14.0 15.0 15.0 
ZNO l 14.0 13.0 13.0 
OTHER 1 35.0 33.0 33.0 
END 
START TIME STOP TIME START VOL STOP VOL 
.......................... ... .................... "'"'"'"'"'·"'"' ..................... 

153.36 154.78 1892.5 16925.0 
RESULTS OF COMPOSITIONAL ANALYSES: 

NO. ------------ G OXIDE/L ------------
:ONSTITUENT ANAL. ANALYSIS 1 ANALYSIS 2 ANALYSIS 3 ........................ • ... ............... "'"'"'·"'"'* *"'"'·"'"'""' 

S!02 l 122.5 128.0 128.0 
B~03 l 70.0 65.0 65.0 
NA20 l 35.0 37.0 37.0 
FE203 l 28.0 26.0 26.0 
K20 l 28.0 30.0 30.0 
CS20 l 1. 75 1. 85 l. 85 
SRO l 1. 75 1. 65 1. 65 
NIO l 14.0 15.0 15.0 
ZNO l 14.0 13.0 13.0 
OTHER l 35.0 33. 0 33. 0 
END 

FIGURE A.l • Input F i 1 e BATCH .OAT 
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~ T?.:-:·.::;:::-r :O."!rc:::.::T.ION OF":::;;,,;;::: 1M..?..~!: F'RA,:":'~ON: ,~.NO r-'.ELTER DECO!-<
T.:..~!I:\ATIQ'; FAC:~JS" iF':" FOP. E?.·:-r. =·JNSTIT'JF:~IT: 

1"2\.SS FRAC~IONS MUST . .1ill[' 'J;' TC. :. JO OR E.~C.:{"JR !".£3SAGE: m:.L ;..:;::::;r:~."::' 

A DF" OF 1 INDICATE:S ':"Hi\':' AL~ MATEF:!AL r;c.JE3 :'8 THE C:f'!'"-,-;l'.S SYS':'E.."'! 
If A OF OF ZERO 15 SPECIFIED. IT WILL BE INTEY.?RETED AS _,000.000 
LIST SHOULD E!liD WITH ""EriD'" :~1 THE ""CONSTITUE.."JT"" COLUMN 

CONS7:TUENT MASS FRAC. DECON. FACTOR ..................... 
SI02 
E203 
NA20 
FE203 
K20 
CS20 
SRO 
NIO 
ZNO 
OTHER 
END 

0.45 
0.10 
0.10 
0.08 
0.08 
0. 005 
0.005 
0.04 
0.04 
0. 10 

520.0 
47.0 

260.0 
300.0 
280.0 
97.0 

4 30. 0 
140.0 
560.0 
400.0 

"'"'"'·"' TARGET OXIDE LOADING OF FEED (GRAMSILITERl = 350.0 

................ 
TARGET DENSITY OF FEED SLURRY IG!CM3l = 1.25 

.............. 
TARGET DENSITY OF GLASS iG/CM31 = 2.80 

"'·"'"'"'"' VOLUME CORRECTION FOR STEAM JET IL FEEDIL MAKEUPI = 1.07 

- TRANSFER RATE FROM MAKEUP TANK TO FEED TANK IL/HRl 

"'"'"'"'"'·"' RATE OF ADDITION OF '"SHIMS" (L/HRI = 12000.0 

FEED RATE TO MELTER I L/HR I 
................ 
120.0 

................. 
GLASS POURING RATE (KG/HRJ = 50.4 

.................. 
DURATION OF EACH GLASS POUR IHRI = 5.00 

............... 
TIME BETWEEN POURS I STOP TO START. HRl = 1.00 

................. 
VOLUME IN FEED TANK AFTER FILLING (LITERS> ~ 18925.0 

.................. 
-VOLUME OF HEEL IN FEED TANK (LITERS> : 1892.5 

- DESIGN WORKING VOLU~£ OF MELTER I LITERS OF GLASS I 

FIGURE A.2. Input File DESIGN.DAT 

A.2 

............... 
12000.0 

""'"'"'·"' 660.0 

................ 



• 

- XAXIMU~ VOLLJME OF GLJI.SS A.LL'J~"ED !N 1"-'.E::;:ER < !"..IT::;t::S ~ 

~INIMUM VOLUME OF GLASS AaOI'i'ED IN t-:E:LTER <LITER~! 

l<ft.l< 

- PARAMETER FOR ADJUSTI"ENT OF TIME CONSTANT 2. 0 

FIGURE A.2. (contd) 

- ':"!HE OF CHA.;;G£0. ~N ;:"EED RATE ,\J.'m NEW F£EI <.AT~: 
'I'It-'".E (HRS' RAT~ 1:.,n;:..:· 

::o.o 
25.U 

............ 
l4'j. :; 
12(1. 0 

FIGURE A.3. Input File FEED.DAT 

· TI!-'.=;S ANO C[;MPCS::::-rcms OF ··sHI~.:o·· ADCE~ ':'CJ P-E::.' TANK 

............ 
7 ()I) • ~) 

:::ACH COHF•;~I:"In•·: SHO!.:LD END v-JITH "E1W" Il-l ·:HE ""CJNSTI"":''.iE:i,T" · ~Li.iMr-: 
T!.M£ < HRS 1 VOLUME.: ! L J ........... ~._ .... "''"""'"'"'· ..,,.. 

50.0 30.0 
ESTII".ATE OF COMF"02::"ION: 

ME'i'HOD OF DE':'ERMI:1ATION ( 0 
NO. 

CONSTITUENT ANAL. ANALYSIS .................. 
SI02 
END 

• 
l 

.. ....... ~. ..... 
200.0 

SY FREP. • 1 = SAJ1PLED l ~ 

WlALYSIS 2 ANA~YSIS 3 .. ............ .. 
~10.0 210.0 

FIGURE A.4. Input File FSHIM.DAT 

A.3 



INITIAL CO!'!POS:TION IN F'EED :'.A.NI': - E."'TER Nl'MBER OF ANALYSES IN 
N"O. ANAL. COLl'MN (MUL':'ItLE SAMrLES INDICATED P.Y JUPLICATES IN 
CON2":'ITUE..~':' L!S'I'l. LIST MUS:' END WITH "'END"" IN CONSTITC£NT C:I..UMN. 

iJO. ------------ G OXIDE/L -------------
CONSTITUENT ANAL. ANALYS.:S 1 ANALYSIS 2 ANAi.YSIS 3 

5I02 
B203 
NA20 
FE20J 
K20 
CS20 
SRO 
NIO 
ZNO 
OTHER 
END 

l 
l 
l 
l 
l 
l 
l 
l 
l 
l 

................... 
157.5 

35.0 
35.0 
28.0 
28.0 
l. 75 
1. 75 

14.0 
14. 0 
35.0 

"'"'"·*"'" 152.5 
32.0 
38.0 
25. 0 
30.0 
!.6 
1. as 

12.0 
16.0 
34.0 

162.5 
32.0 
38.0 
25.0 
30.0 
!.6 
1. 85 

12. 0 
lo.O 
34.0 

INITIAL COMPOSITION IN MELTER ENTER NUMBER OF AN'ALY8ES IN 
NO. ANAL. COLUMN (MULTIPLE SAMPLES INDICATED BY DUPLICATES IN 
CONSTITUENT LIST). LIST MUST END WITH "'END"' IN CONSTITUE:~T :OLUMN. 

NO. ----------- MASS FRACTION ----------
CONSTITUENT ANAL. ANALYSIS 1 ANALYSIS 2 ANALYSIS 3 ..................... • ................ ................. ... ................... 

SI02 l 0. 45 0.46 0.46 
B203 l 0.10 0.09 0.09 
NA20 l 0.10 0.11 0.11 
FE203 l 0.08 0.07 0.07 
K20 l 0.08 0.09 0.09 
CS20 l 0.005 0.004 0.004 
SRO l 0.005 0.006 0.006 
NIO l 0.04 0.035 0.035 
ZNO l 0.04 0.045 0. 045 
OTHER l 0.10 0.09 0.09 
END 

"*"'**·"' 
INITIAL VOLUME IN FEED TANK (LITERSJ s 3092.5 

................ 
INITIAL VOLUME OF GLASS IN KELTER (LITERSJ ~ 860.0 

............. 
INITIAL FEED RATE TO MELTER (LITERSIHRJ = 120.0 

INITIAL VOLUME PERCENTAGES OF REGIONS IN MELTER: 

REGIONS: l ............. 
0.0 

2 ............. 
100. 0 

3 ............. 4 
... .......... 5 

*"'"' .... 

FIGURE A.5. Input File INIT.DAT 
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MO£':' RECENT COMPO~:r:::ON IN MAKEUP TANK (G o;..:-;:~ES '~! 

' LIST SHOULD £.'.:'!::1 ;..;:;:T:-1 "END" IN THE "COt-:ST!TL;S:-:T'" COW~,N 
2. RESULTS OF CCMPOSITIONAL ANA~YSES - ENTER NU!'1BER OF ANi'.LYS£:? 

IN NO. ANAL. cc:.ur-m (SPECIFY MULTIPLE SA.'-IPLE.::: BY ENTEt:.ING 
DUPLICATES IN CONS!~~ LISTl. 

NO. ------------ G OXIDEIL -------------
CONSTITUENT ANAL. ANALYSIS 1 ANALYSIS 2 ANALYSIS 3 ..,................... "' ....... . ......... ..I............ .. .... ..... .. 

5!02 1 lbl. 5 168.5 i68.5 
B203 1 35.89 32.89 32.39 
NA20 1 35.89 37.0 37.0 
FE203 1 28.71 30.0 30.0 
K20 1 28.71 25.0 25.0 
CS20 1 l. 79 1. 90 l. 90 
SRO 1 1. 79 1. 60 1.60 
NTO 1 14.36 12.0 12.0 
ZNO 1 29.96 31. 0 31. 0 
OTHER 1 35.89 33.0 33.0 
END 

FIGURE A.6. Input File MAKEUP.DAT 

A.5 



MODE OF V?ERATION: 
l ~ DE'aJ.'Ml:-.l:STIC , ~:::ING p;;,QCESS DATAl 
2 " STOCHASTIC USHJG FROCESS DATA 
3 ~ STOCHASTIC US:NG RANDOMLY GENERATED DATA 

MODE " 2 

L£~GTH OF SIMULATION iHOURSJ 
............... 

200.0 

NU~BER OF REPEAT SIMULATIONS !DEFAULTS TO 1 IF MODE = l J 1 

"'"'·"' TIME INTERVAL FOR RECORDING COMPOSITION IN MEtTER (HRSJ 5.0 

If MODE l OR 2 IS CHOSEN. COMPOSITION OF FUTURE 
BATCHES OF n:=:D: 

l " TARGET COMPOSITION 
2 " SAME COMPOSITION AS LAST BATCH OF FEED 

COMPOSITION " 1 

IF 2 IS CHOSEN IN PRECEDING INPUT. HOW MANY BATCHES OF FEED 
SHOULD HAVE THIS COMPOSITION? 

•• 
NUMBER OF BATCHES = l 0 

NUMBER OF SAMPLES OF FEED PER BATCH (CHOOSE 1 TO 5J " l 

NUMBER OF ANALYSES PER SAMPLE OF FEED (CHOOSE 1 TO 3 J l 

OPTION FOR MODELING MIXING BEHAVIOR OF MEtTER: 
1 = 1 IDEALLY-MIXED REGION 
2 : 1 PLUG FLOW FOLLOWED BY 1 OR 2 IDEALLY-MIXED REGIONS IN SERIES 
3 : 2 TO 5 IDEALLY-MIXED REGIONS IN SERIES 

• 
OPTION = 3 

NUMBER OF IDEALLY-MIXED REGIONS IN MELTER: 
IF OPTION l IS CHOSEN. INPUT IS IGNORED 
IF OPTION 2 IS CHOSEN. MUST SPECIFY 1 OR 2 
IF OPTION 3 IS CHOSEN. MUST SPECIFY 2 TO 5 

NUMBER : 2 

VOLUME PERCENTAGES OF REGIONS IN MELTER: 
IF OPTION 1 IS CHOSEN. INPUT IS IGNORED (100% IS ASSUHEDl 
IF OPTION 2 IS CHOSEN. REGION l IS THE PLUG FLOW REGION 
PERCENTAGES MUST ADD UP TO 100 OR ELSE ERROR MESSAGE WILL RESULT 
IDEALLY-MIXED REGIONS SHOULD BE ORDERED FROM SMALLEST TO LARGEST 

REGIONS: 1 ............ 
50.0 

2 ............ 
50.0 

3 ............. 4 
............. 

5 .. ........ 

FlGURE A.7. [nput File MODE.DAT 

A.6 

• 

• 



< 
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- TIMES AND COMF~Si':'IONS Of "S:-\IMS'' ADD~ !'(' MELTER 
EAC:-! C'J/"!FOSITION SHOULD E!ID W:;:TH "END" :N ThE "CO~.JSTITUENT" CDLUMN 

TIME (HRSl VOLUME l~l 

~~***.~"' ****~·*"' 
150.0 30.0 

ESTIMATE OF COMPOSITION: 
METHOD OF DETERMINATION (Q = 

NO. 
BY PREP .. 1 = S~PLEDJ = l 

CONSTI':'UE.'n AI'\JAL. ANALYSIS l 

5102 
END 

l 200.0 

ANALYSIS 2 ANALYSIS 3 ............ ,... 
210. 0 210.0 

FIGURE A.S. Input File MSHIM.DAT 

- TI~S AND .'iliA:. YSE3 Of OFF -GAS SA~lPL!::S 

FOR RESULTS OF COMPOSI'!:;:ONAL A!'lALYSES. ~iTER '!'!"!!:: NUt-',EUl OF A.'JA:·is::::;: 
IN NO. ANAL. COLUMtL SPECIFY MULTIPLE SJI.MFLES B'i E:JTERING DUPL :cA':'ES 
IN THE CONSTITUENT LIST. LIST MUS~ E...•m WITH "EHD'' IN r;.:;:: CONSTI':'L'::Jl':' 
COLUMN. 

TIME IHRSl = 100.0 
RESULTS OF COHPOS:!IONAL ANALYSES: 

NO. -------------- MASS (GMS! --------------
CONSTITUENT ANAL. ANALYSIS 1 ANALYSIS 2 ANAL'iS:S 3 .................. ' ........................... .............................. ... ............................. 

SI02 l 0.0 10.0 10.0 
B203 l 0. 0 10.0 10.0 
NA20 l 0.0 10.0 10.0 
FE203 l G. 0 10.0 10.0 
K20 l 0. 0 10.0 l-J. 0 
CS20 l 0.0 10.0 10.0 
SRO l 0. 0 10.0 1C.O 
NIO l 0. 0 10.0 10.0 
ZNO l 0. 0 10. 0 10.0 
OTHER l 0. 0 10. 0 10.0 
END ................ ·" TIME (HRS! = 200.0 

RESULTS OF COMPOSITIONAL ANALYSES: 
NO. -------------- MASS (GMSl --------------

CONSTITUENT ANAL. ANALYSIS 1 ANALYSIS 2 ANALYSIS 3 ................... "'* ' .................................... .................................... "'"'"'"'"*"'·"'"'"'"' 
SI02 l 0. 0 10.0 10.0 
B203 l 0.0 10.0 10.0 
NA20 l 0.0 10: 0 10.0 
FE203 l 0.0 10.0 10.0 
K20 l 0.0 10.0 10.0 
CS20 l 0.0 10.0 10.0 
SRO l 0. 0 10.0 10.0 
NIO l 0. 0 10.0 10.0 
ZNO l 0. 0 10.0 10.0 
OTHER l 0. 0 10.0 10.0 
END 

FIGURE A.9 • Input Fi l e OFF GAS .OAT 

A.7 



~ GL~.SS FOtJRING DATA (T~MES IN HRS. t".ASS IN KGl 
START TI!-'£ 570? ':'1M£ !'\ASS OF FCU~ 

*""'"'"·""'"' .................... 
l.O 6. 0 252. 0 

FIGURE A.lO. Input File POUR.OAT 

A.8 
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• 

- WHEN SPECIFYING A DISTRIBUTION. USE THE PCLLOWING LEGEND: 
l. CONSTANT tNO DISTRIBUTION! 
2. NORMAL 
3. UNIFORM ISYK~ETRICALI 
4. TRIANGULAR I SYMMETRICAL I 
5. LOG-NORMAL 
6. GAMMA 
7. BETA 
B. EXPONENTIAL 
3. GENERAL UNIFORM 

1 0. GENERAL TR IANG'JLAR 

• 
TIME DISTRIBUTION tCHOOSE 1 TO 41 = 2 ................... 
TIME S7ANDARD DEVIATION IHOURSJ = 0.001 

• 
FEED TANK VOLUME DISTRIBUTION I CHOOSE 1 TO 41 = 2 

FEED TANK VOLUME STANDARD DEVIATION tLITERSI 
......... ,. .......... * 

100.0 

• 
FEED RATE DISTRIBUTION tCHOOSE 1 TO 41 : 2 

FEED RATE STANDARD DEVIATION (LITERS/HRl 5.0 

• 
GLASS POUR MASS DISTRIBUTION (CHOOSE 1 TO 41 z 2 

ltltlt,ltltltlt 

GLASS POUR MASS STANDARD DEVIATION tKGl = 0.01 

• 
GLASS FORMER ADDITION DISTRIBUTION ICHOOSE 1 TO 4l 2 

GLASS FORMER ADDITION STANDARD DEVIATION ILITERSl = 5.0 

• 
MELTER GLASS VOLUME DISTRIBUTION ICHOOSE 1 TO 41 = 2 

MELTER GLASS VOLUME STANDARD DEVIATION tLITERSl = 10.0 

SLURRY SAMPLING ERROR tCHOOSE l TO 4 FOR DISTRIBUTION> 
CONSTITUENT DIST. STD. DEV "' ........................ • "'"'"'·*"'"' SI02 2 5.0 

8203 2 4.0 
NA20 3 4.0 
FE203 4 5.0 
K20 2 l.O 
CS20 2 3.0 
SRO l 
NIO 2 2.223 
ZNO 3 10.0 
OTHER l 
END 

SLURRY ANALYTICAL ERROR ICHOOSE 1 TO 4 FOR DISTRIBUTION> 
CONSTITUENT DIST. STD. DEV t%l 

*"'ltJ..ItltJ..It • 
FIGURE A.ll. Input File STOCH.DAT 
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SI02 
B2C~ 
NA20 
F£203 
K20 
CS20 
SRO 
NIO 
ZNO 
OTHER 
END 

' 2 
3 
4 
2 
2 
1 
2 
3 
1 

5.0 
4. 0 
4. 0 
5. (I 
l.O 
3. 0 

::.223 
10.0 

OFF-GAS SAMPLING ERROR (CHOOSE 1 TO 4 FOR DISTRIBUTIONl 
CONSTITUENT DIST. STD. DEV (%) ................ 

SI02 
B203 
NA20 
F£203 
K20 
CS20 
SRO 
NIO 
ZNO 
OTHER 
END 

• 
2 
2 
3 
4 
2 
2 
1 
2 
3 
1 

.............. 
5. 0 
4.0 
4.0 
5.0 
l.O 
3. 0 

2.223 
10.0 

OFF-GAS ANALYTICAL ERROR (CHOOSE l TO 4 FOR DISTRIBUTIONl 
CONSTITUENT DIST. STD. DEV (% l ................ • ***·*I<* 

SI02 2 5.0 
B203 2 4.0 
NA20 3 4.0 
FE203 4 5.0 
K20 2 l.O 
CS20 2 3.0 
SRO 1 
NIO 2 2.223 
ZNO 3 10.0 
OTHER 1 
END 

GLASS SAMPLING ERROR (CHOOSE 1 TO 4 FOR DISTRIBUTION> 
CONSTITUENT DIST. STD. DEV '" .................... • ........ h ... h 

5!02 2 5. 0 
B203 2 4.0 
NA20 3 4.0 
FE203 4 5.0 
K20 2 l.O 
CS20 2 3. 0 
SRO 1 
NIO 2 2.223 
ZNO 3 10.0 
OTHER 1 
END 

GLASS ANALYTICAL ERROR (CHOOSE 1 TO 4 FOR DISTRIBUTIONl 
CONSTITUENT DIST. STD. DEV (%l 

• l<l<h.!.l<h 

FIGURE A.ll. (contd) 
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SI02 2 5. 0 
B203 2 4.0 
NA20 3 4. 0 
FE203 4 5. 0 
K20 2 l.O 
CS20 2 3.0 
SRO 1 
NIO 2 2.223 
ZNO 3 10.0 
OTHER 1 
END 

SHIM PREPARATION ERROR l CHOOSE 1 TO 4 FOR DISTRIBUTIONJ 
CONSTITUENT DIST. STD. DEV '" ...................... • ... ............... 

SI02 2 5. 0 
B203 2 4.0 
NA20 3 4.0 
FE203 4 5.0 
K20 2 l.O 
CS20 2 3.0 
SRO 1 
NIO 2 2.223 
ZNO 3 10.0 
OTHER 1 
END 

- FOR THE FOLLOWING 
AS FOLLOWS: 

DISTRIBUTIONS. A, B. AND C MUST BE SPECIFIED 

DIST. 

1 
2 
5 
6 
7 
8 
9 

10 

A 

• 
STD DEV. "' MEAN 

ALPHA 
ALPHA 
BE:rA 

MAX (%0FMEAS.J 
MAX <%OF MEAS.J 

B c 

• • • • 
STD DEV. OFFSET " OF MEAS. J 

BE."rA OFFSET " OF MEAS.J 
BE."rA OFFSET " OF MEAS.J 

OFFSET (% OF MEAS. J • 
MIN <% OF MEAS. l • 
MIN <% OF MEAS. J • 

BATCH-TO-BATCH FEED VARIATION lUSE ANY DISTRIBUTION EXCEPT 3 OR 4 J 
CONSTITUENT DIST. A B c ,. .................. .. ................. ... ·"""""' ... .............. 

5!02 2 5.0 
B203 2 4. 0 
NA20 5 2.0 0. 5 10.0 
FE203 6 2. 0 l.O 10.0 
K20 7 2.0 3.0 10.0 
CS20 8 0.5 5. 0 
SRO 1 
NIO 10 5.0 10.0 
ZNO 9 10.0 10.0 
OTHER 1 
END 

STEAM JET VOLUME CORRECTION FACTOR DISTRIBUTION 
lUSE ANY DISTRIBUTION EXCEPT 3 OR 4J 

DIST. A B C .. .................. .......... ~< ...... 

lO 15.0 10.0 

FIGURE A.ll. (contd) 
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i:!EW~:r: 
~R02E:·:T. r-t~3BAL .f'. iJ. KEIMUS. ll i 10 i ~o; 
D:SCEE:T£. ~UOO; 
CONT:~UOUS.719.1250,0.000l.O.~; 
PARA~ERS:l.l.O: 

2.1.0.1.0: 
J.l.G.l.O.l.O; 

EVEN-:'3: l.S r 1 l .N .5( 1931 l. 5. 0: 
2 .S ( 1 l .P .5( 19321 ,10. 0: 
J.Sr105l .P.5r1933l .50.0: 
4,5(1051 .N.Srl9341 .50.0: 
5,5( l05J .N .Sr 1935 l .50. 0: 
b.Sf105l.P.Srl936J,50.0; 

rt£PLICATE.l.O.O.l00.0; 
END: 

FIGURE A.I2. SIMAN Experiment File MASBAL.EXP 
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APPENDIX B 

EXAMPLES OF OUTPUT FILES 



• 

• 

~~********•••·····························~·····~~····~-~··· 
' 
' BATRD. ECH FROM ~.ASBAL 

' 
' Title: M.\SBAL TEST CASE 
' • User: PAUL REI MUS 
• • Date: 5-MAY-1987 

' 
' Time: 15:56:06 
' 

3TART TIME OF BATCH TO FEED TANK (HRl = 10.001 
STOP TIME OF BATCH TO FEED TANK IHRl = 11.420 
VOLUML IN FEED TANK PRIOR TO BATCH CLJ = 1819.642 
VOLUME IN FEED TANK AFTER BATCH (Ll = 18847.949 

FIGURE B.l. Output File BATRO.ECH 

B.l 

• 
• 
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......... * ............ I< .. J.J.J.J.I<J.J.J.J.I<J.I>J.I<J.hhhhhhh*h*"'*h***"'*****-"'**h*"'** 

• • 
"' DSNRD.ECH FROM MASBAL J. 

• 
• Title: 
• 
• User: 
• 
• Date: 
• 
• T1111e: 
• 

~~SBAL TEST CASE 

PAUL REIMUS 

5-MAY-1987 

15:56:06 

• 
• 
• 
• 
• 
• 
• • 

"'***"'"'"'*"'"'"'**"'*"'"'"'"'"'"'*"'****"'h~l>"'"'*h*h***"'**~*••*****~"'*"'*"'"'* 

TARGET GLASS COMPOSITION AND DECON. FACTORS 

CONSTITUENT 

SI02 
B203 
NA20 
FE203 
K20 
CS20 
SRO 
NIO 
ZNO 
OTHER 

MASS FRAC. 

0.450000 
0.100000 
0.100000 
0.080000 
0.080000 
0.005000 
0.005000 
0.040000 
0.040000 
0.100000 

DECON. FACTOR 

520.00 
47.00 

280.00 
300.00 
280.00 
97.00 

430.00 
140.00 
560.00 
400.00 

TARGET OXIDE LOADING OF FEED IG/Ll : 350.00 
TARGET FEED DENSITY tG/CM3l " 1. 2500 
TARGET GLASS DENSITY !GICH3J " 2.8000 
VOLUME CORRECTION FOR STEAM JET (L FEED/L MAKEUPl 1.0700 
TRANSFER RATE FROM MAKEUP TANK TO FEED TANK 1L/HRl :: 12000.00 
RATE OF ADDITION OF "SHIMS" (L/HRl = 12000.00 
DESIGN FEED RATE TO HELTER IL/HRJ = 120.000 
DESIGN GLASS POURING RATE !KG/HRl = 50.400 
DURATION OF EACH GLASS POUR !HRl " 5. 0000 
TIME BETWEEN POURS ISTOP TO START. HRJ " 1.0000 
VOLUME IN FEED TANX AFTER FILLING <L> " 18925.00 
VOLUME OF HEEL IN FEED TANK !Ll : 1892.50 
DESIGN WORKING VOLUME OF HELTER ILl " 860.00 
MAXIMUM VOLUME OF GLASS IN MELTER (Ll " 1000.00 
MINIMUM VOLUME OF GLASS IN HELTER ILl = 700.00 
PARAMETER FOR ADJUSTMENT OF TIME CONSTANT = 2. 0 

FIGURE B.2. Output File DSNRD.ECH 
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• 

• • • 
FEEDRD.ECH FROM MASBAL 

• Title: MASBAL TEST CASE 
• * User: PAUL REIMUS 
• 
• Date: 
• 
"' Time: 
• 

5-MAY-1987 

15:56:06 

TIME OF INITIAL :EED RATE CHANGE (HRl 
RATE AFTER CHANGE IL/HR) ~ 134.443 

20.001 

FIGURE 6.3. Output File FEEDRD.ECH 

' • • 
' • 
' • 
' • 
• 

........................................................................................................................................................ 

• • 
' FSHRD.ECH 
• 
' Title: HASBAL TEST 
• 
' User: PAUL RE!MUS 
• 
• Date: 5-MAY-1987 
• 
• Time: 15:56:06 

' 

TIME OF FIRST FEED SHIH ~ 
VOLUME OF FIRST FEED SHIM 

CASE 

50.001 
27.803 

FROM MASBAL 

FIGURE 6.4. Output File FSHRD.ECH 

6.3 
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' • • 
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~**~~~~~~~~~****~******~***~~*·*************•*********······ 

' • IN!TRD.ECH FROM MASBAL 
• 

• Title: MASBAL TEST CASE • 
• 

• User: PAUL REIMUS 
• • 
• Date: 5-M.iW-1987 

• Time: 15:56:06 

INITIAL FEED CO!'!POSITION DATA 

CONSTITUENT N ANALYSIS 1 AN.'U.YS!S A..'IJ.~YSIS 3 

3I02 1 157.500 16~.500 162.500 
B203 1 35.000 32.000 32.000 
NA20 1 35.000 38.000 38.000 
f'£203 1 28.000 25.000 25.000 
K20 1 28.000 30.000 30.000 
CS20 1 1.750 l. 600 l. 600 
SRO 1 1.750 1.850 l. 850 
NIO 1 14.000 :z.ooo 12.000 
ZNO 1 14.000 16.000 16.000 
OTHER 1 35.000 34. 000 34.000 
END 0 0.000 0.000 0.000 

INITIAL GLASS COMPOSITION DATA 

CONSTITUENT N ANALYSIS 1 ANALYSIS 2 ANALYSIS 3 

5102 1 0.450000 0.460000 0.460000 
8203 1 0.100000 0.090000 0.090000 
NA20 1 0.100000 0.110000 0.110000 
FE203 1 0.080000 0.070000 0.070000 
K20 1 0.080000 0.090000 0.090000 
CS20 1 0.005000 0.004000 0.004000 
SRO 1 0.005000 0.006000 0.006000 
NIO 1 0.040000 0.035000 0.035000 
ZNO 1 0.040000 0.045000 0.045000 
OTHER 1 0.100000 0.090000 0.090000 
END 0 0.000000 0.000000 0.000000 

CALCULATED CONCENTRATIONS IN FEED TANK AND MELTER 

CONSTITUENT G OX/L F'EED "". FRAC. NSF NAF NSG NAG 

5!02 144.580 0.443343 1 1 1 1 
8203 34 .198 0.107373 1 1 l 1 
NA20 34.681 0. 096811 1 1 1 1 
f'£203 27.770 0.078492 l 1 1 1 
K20 27.373 0.081999 1 l l 1 
C520 l. 662 0.005090 1 1 1 1 
SRO 1. 750 0.005204 1 1 l 1 
NIO 14.075 0.039669 l 1 1 l 
ZNO 15.163 0.037935 l l l l 
OTHER 35.000 0.104085 l l l l 

FIGURE B .5. Output File !NITRD.ECH 
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• 

INITIAL VOLUME IN FE~ TANK (LI = 3112.19 
INITIAL VOLUME IN MEtTER \L! = 848.7 7 

I~ITIAL FEED RATE = 113.24 
INITIAL VOLUME % OF REGIONS IN HELTER = 0.0 100.0 
LOW LEVEL IN FEED T&~K (Ll = 1871.944 
!-!IGH LEVEL IN ~...ED !.~IIJK lLl : 19028.723 
i'HGH LEVEi, IN ME:.TEP IGMSl = 2762984.250 
P.ESTAP.T FEED LEV::: r:; ME!.TER (GMSl = 2622984.25( 
LOW LEVEL IN ~L'!'EF: .GMS' = 1959675.000 
RESTART POUR LE\~: IN MELTER (GMSJ = 209967S.OOC 

FIGURE 8,5, (contd) 

MODERD.ECH FROM MASBAL 

" Titl-:o: 1"-~.SBAL ~ST CASE 
• 
• 
*Date: 

*Time: l5:50:06 

MODE = 2 
!.ENGTH OF SIMULP..':ION = 200.0 
NUMBER OF REPEA! SIMULATIONS = 
TIME INTERVAL FC?. REC:·?RDING CO!'!POSITION 5. 0 
)PTION FOR FUTUP.~ EATCHES = 1 

IF MODE= 3. O?TION SET= l IN PRIME 
NUMBER OF BATCHE3 = 10 
NUMBER OF SAMPLES PER BATCH 1 
~ruMBER OF ANALYSES PER SAMPLE = l 
OPTION FOR MODELING KELTER = 3 
-- THE FOLLOWIN3 WILL BE IGNORED IF OPTION 1 

:WI'tEER OF IDEALLi'-MIXED REGIONS = 2 
VOLUME% OF REGIONS = 50.0 50.0 0.0 0.0 

FIGURE 8,6, Output File MOOERD.ECH 

8.5 

0. 0 
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' 
' MSHRD.ECH fROM 
' 
' Title: MASBAL TEST 

' • User: ?_\lJL REI MUS 
" • DJ.te: ;:;-MAY-1987 
• 
• Time: l5:56:06 

' 

:'IHE OF !'"!RST ME~l'E:. S:-IIM " 
VOLUME OF FIRST MELT~~ SHIM 

CASE 

149.999 
28.672 

MASEAL 

FIGURE 8.7. Output File MSHRD.ECH 
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• 

• 

• 

• 

' 
' OFFRD.ECH FROM MASBAL 
' • Title: Mr.SBAL TEST CASE 
' • IJ:l'er: F'A::L P.EIMUS 
' • Date: :;-MAY-1987 
• 
• Time: 15:56:06 
• 

INITIAL DATA FROM OFF-GAS SYSTEM 

CONSTITUENT N .~ALYSIS 1 ANALYSIS 2 

5102 1 
B203 l 
NA20 l 
FE203 1 
K20 1 
CS20 l 
3RO 1 
NIO l 
ZNO 1 
OTiiER 1 
END 0 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

10.0000 
10.0000 
10.0000 
10.0000 
10.0000 
10.0000 
10.0000 
10.0000 
10.0000 
10.0000 
0.0000 

TIME WHEN OFF -GAS SAMPLE WAS TAKEN ( HR l :. 

CALCULATED VOLATILIZATION RATES 

CONSTITUENT VOLAT RATE NSAMO NANLO 

SI02 o.oooo 1 1 
8203 o.oooo 1 1 
NA20 0.0000 1 1 
FE203 o.oooo 1 l 
K20 0.0000 1 l 
CS20 0.0000 l 1 
SRO 0.0000 1 1 
NIO 0.0000 1 l 
ZNO 0.0000 l 1 
OTiiER 0.0000 1 1 

ANALYSIS 3 

100.001 

10.0000 
10.0000 
10.0000 
10.0000 
10.0000 
10.0000 
10.0000 
10.0000 
10.0000 
10.0000 

0.0000 

FIGURE B.B. Output File OFFRD .ECH 
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' 
' POURRD.ECH 
' • Title: r-<.ASBAL TEST CASE 
• 
• User: P.lo.UL REI MUS 
• 
• Date: 5-MAY-19!37 

' 
' Time: 15:56:06 

' 

:'!ME OF STARTING IN:':'IA:.. POUF: (HR, 
:IME OF STOPPING IN::I~ POUR CPRJ 
t-'.ASS OF INITIAL POUR iKGl "' 252.003 

FROM MASBAL 

l. 001 
l:i.OOO 

FIGURE B.9. Output File POURRO.ECH 

• 
• PRIME.ECH FROM MASBAL 
• 
• ':'itl'!: t"-~SBAL TEST C.lo.SE 
• 

u~~r= F.;UL REIMU2 
• 
• Da.te: 5-MAY-1987 
• 

Time: :s:s6:on 
• 

ECHO FROM PRIME.fQ;; - ONLY FO?. !'lODE 3 

FIGURE B.lO. Output File PRIME.ECH 
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' 

• 

• 

~*********~************************************************* 
• • STOCRD.ECH FROM 
• 
• Title: MASBAL TEST CASE 
• 
• U:!er: PAUL REI MUS 
• 
• Date: 3-MAY-1987 

• 
• T1rne: :.s:S6:o6 
• 

TII"E JIST?.:EUTIC!·; " 
TIME ST.r..NDARD DE".1I."'.':'ION IHOURS! "0.00100 
FEED ~ANK VOLUME DISTRIBUTION = 2 

MASEAL 

FEED TANK VOLUME STD DEVIATION :tl 100.000 
FEED RATE DISTR!EL~ION = 2 
FEED RATE STD DE\TI.r..TION 1L/HRl " 5.000 
GLASS POUR MASS DIS~IBUTION = 2 
GLASS POUR MASS ~TD DEVIATION (KGl = 0.010 
GLASS FORMER ADDITION DISTRIBUTION = 2 
GLASS FORMER ADDITION STD DEVIATION ILl 5.000 
KELTER GLASS VOLUME DISTRIBUTION = 2 
KELTER GLASS VOLMUE STD DEVIATION (Ll = 10.000 

SLURRY SAMPLING ERROR DIST. AND STD. DEV. 

CONSTITUENT DIST STD DEV 

SI02 ' 5.000 
8203 2 4.000 
NA20 3 4.000 
FE203 4 5.000 
K20 2 1.000 
CS20 2 3.000 
SRO l 0.000 
NIO ' 2.223 
ZNO 3 10.000 
OTHER l 0.000 

SLURRY ANALYTICAL ERROR DIST. AND STD. DEV. 

CONSTITUENT DIST STD DEV 

5!02 2 s.ooo 
8203 2 4.000 
NA20 3 4.000 
FE203 4 5. 000 
K20 2 1.000 
CS20 ' 3.000 
SRO l 0. 000 
NIO ' 2.223 
ZNO 3 10.000 
OTHER l 0. 000 

OFF GAS SAMPLING ERROR DIST. AND STD. DEV, 

CONSTITUENT DIST STD DEV 

FIGURE B.ll. Output File STOCRD.ECH 
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SI02 
B203 
N'A20 
F£203 
K20 
C320 
SRO 
N!O 
ZlJO 
OTI-I.ER 

2 
2 
3 
4 
2 
3 

3 

5.000 
4.000 
4.000 
5.000 
1.000 
3.000 
~.000 

2.223 
lC.OOO 

·2. 000 

)FF GAS ANALYTICAL ERROR DIS~. AND STD. Q~J. 

SI02 
8203 
NA20 
FE203 
K20 
CS20 
SRO 
NIO 
ZNO 
OTHER 

D!ST STD DEV 

2 5.000 
2 4.000 
3 4. 000 
4 5.000 
2 1.000 
2 3.000 
l 0.000 
2 2. 223 
J 10.000 
1 0.000 

GLASS SAMPLING ERROR OIST. AND STD. DEV. 

CONSTITUENT DIST 

SI02 2 
B203 2 
NA20 3 
FE203 4 
K20 2 
CS20 2 
SRO l 
NIO 2 
ZNO 3 
OTHER 1 

STD DEV 

5.000 
4.000 
4.000 
5.000 
1.000 
3.000 
0.000 
2.223 

10.000 
0.000 

GLASS ANALYTICAL ERROR DIST. AND STD. DEV. 

CONSTITUENT 

5102 
8203 
NA20 
FE203 
K20 
CS20 
SRO 
NIO 
ZNO 
OTHER 

DIST STD DEV 

2 
2 
3 
4 
2 
2 
1 
2 
3 
1 

5.000 
4.000 
4.000 
5.000 
1.000 
3.000 
0.000 
2.223 

10.000 
0.000 

SHIH PREPARATION ERROR DIST. AND STD. DEV. 

CONSTITUENT DIST STD DEV 

FIGURE B.ll. (contd) 
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SI02 3 5. 000 
8203 2 4.000 
NA20 3 4.000 
FE203 4 5.000 
K20 2 1. 000 
CS20 2 3. 000 
SRO l 0. 000 • NIO 2 ::.223 
ZNO 3 10.000 
OTHER 1 0.000 

• BATCH~TO-BATCH FEED '/ARIATION DIST. 1\ND PARAI-'.ETE:r<5 

CONSTITUENT D"~'<':"' ... A B c 

sro:: 2 5.000 0.000 0. 000 
B203 3 4.000 0.000 0.000 
Nl\20 5 2.000 0.500 10.000 
FE203 6 ::.ooo 1. 000 10.000 
K20 7 2.000 3.000 10.000 
CS20 8 o.soo s.ooo 0. 000 
SRO 1 0.000 0. 000 0. 000 
NIO 10 5.000 10.000 0. 000 
ZNO 9 10.000 10.000 0.000 
OTHER 1 0.000 0. 000 0. 000 

STEAM JET VOL. CORRECTION DISTRIBUTION 10 
p AllAME'I'ERS A, 8, AND C • 15.000 10.000 0.000 

FIGURE B.ll, (cant d) 

' 

• 
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' 
' BATCH.OUT FROM MASBAL 
' 
' Title' MASBAL TES~ CASE 
' • lJser: P,!,UL REIMUS 
' • Date: 5-MAY-1~87 

• 
• Time: 1:::56:06 

' 

SCHEDULED BATCH 

CONSTITUENT N ANALYSIS 1 ANALYSIS 2 ANALYSIS 

5102 1 122.500 128.000 128.000 
B203 1 70.000 65.000 65.000 
NA20 1 35.000 37.000 37.000 
F£203 1 28.000 26.000 26.000 
K20 1 28.000 30.000 30.000 
CS20 1 1.750 1.850 1.850 
SRO 1 1.750 1.650 1.650 
NIO 1 14. 000 15.000 15.000 
ZNO 1 14.000 13.000 13.000 
OTHER 1 35.000 ]].000 33.000 
END 0 0.000 0. 000 0.000 

DATA CAME FROM BATCH.DAT 

BATCH STARTING TIME = 10.0007 

ECHO mJMBER OF SAMPLES AND NUMBER OF ANALYSES 

CONSTITUENT 

5102 
5203 
NA20 
FE203 
K20 
CS20 
SRO 
NIO 
ZNO 
OTHER 

NSAM 

1 
1 
l 
1 
l 
1 
l 
l 
1 
l 

BATCH STOPPING TIME 

NANL 

l 
1 
l 
l 
1 
1 
l 
1 
1 
1 

11.4197 

CALCULATED COMPOSITION IN FEED TANK AFTER BATCH 

CONSTITUENT G OXIDE/L 

FIGURE B.12. Output File BATCH.OUT 
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5!02 
8203 
NA20 
FE203 
KZD 
CS20 
SRO 
NID 
ZNO 
DTHEJ< 

:23.768 
~7.)79 

36. 141 
27.502 
25. 74P 
l. 657 
l. 7SCJ 

14.113 
:.:.798 
35.00C 

STARTING TIME FO:,.' t>.'::X'I' BATCH 153.3606 
STOF?ING TIME FO:.. NE•:':' :.;rr:n ~54. 7"787 
FEED TANK VOLUME ?R:OP TQ NEXT BATCH (:,1 189::::.?0072 
f'EED TANK VOLUME P-"'":'ER NEXT BATCH ([..I " 18937. 724':i1 

SCHEDULED BATCH 

CONSTITUENT N ANALYSIS l ANALYSIS 2 ANALYSIS 3 

5102 1 122.500 128.000 128.000 
8203 1 70.000 65.000 65.000 
NA20 1 35.000 37.000 37.000 
f'E203 1 28.000 26.000 26.000 
KZD 1 28.000 30.000 30.000 
CS20 1 1. 750 1.850 1. 850 
SRO 1 l. 750 1. 650 1.650 
NID 1 14.000 15.000 15.000 
ZNO 1 14.000 13.000 13.000 
OTHEJ< 1 35.000 33.000 33.000 
END 0 0.000 0.000 o.ooo 

DATA CAME FROH BATCH. OAT 

BATCH STARTING TIME = 153.3606 

ECHO NUMBER OF SAMPLES AND NUMBER OF' ANALYSES 

CONSTITUENT OSAM NANL 

SI02 1 1 
8203 1 1 
NA20 1 1 
FE203 1 1 
KZO 1 1 
CS20 1 1 
SRO 1 1 
NID 1 1 
ZNO 1 1 
OTHER 1 1 

BATCH STOPPING TIME • 154.7787 

CALCULATED COMPOSITION IN FEED TANK AF"I'ER BATCH 

FIGURE B.l2. (contd) 
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CONSTITUENT G OX:DE/L 

SI02 128.627 
.8203 71.4 72 
NA20 32.996 ' FE203 27.761 
K20 2S.466 
CS20 ~- 780 
.:'RO :.. 750 
NIO 13.518 • 
ZNO 14.184 
')TH£R 3:. ·JOO 

NO MORE BATCHES AI<~ SCHEDULED 

FIGURE B .12. ( contd) 
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' 
' CHGREG. OUT 

' 
' Title: HASBAL TEST CASE 
' • U3er: ?AllL REIMUS 
• 
• Date: 5-M..~.Y-1987 

• 
' !ime: ::5:56:06 
' 

HISTORY OF CALLS 70 SUBROUTINE CHGREG 

TIME SUBROUTINE MAKING CALL 

10.0110 
10.0207 
10.0221 
10.0132 
10.0221 
10.0378 
10.0457 
10.0802 
10.0850 
10.0536 
10.0850 
10.1160 
10.1314 
10.1993 
10.2088 
10.1469 
10.2088 
10.2508 
10.2718 
10.3640 
10.3769 
10.2928 
10.3769 
10.4503 
10.5576 
10.5726 
10.4747 
10.5726 
10.7684 
10.7847 
10.7847 
11.0059 
11. 0243 
11.0243 
20.0005 
24.9993 

149.9990 
150.0014 
153.4856 
153.5481 
153.8221 
153.8606 
153.6106 
153.8606 
154.32:!1 
154.3606 
154.1106 
154.3606 

FEEDEQ 
FEEI>EQ 
FEEDEQ 
FEEDEQ 
F'EEDEQ 
F'EEDEQ 
F'EEDEQ 
F'EEDEQ 
FEEDEQ 
FEEDEQ 
FEEDEQ 
FEEDEQ 
FEEDEQ 
FEEDEQ 
FEEDE:Q 
F'EEDEQ 
F'EEDEQ 
F'EEDEQ 
FEEDEQ 
FEEDEQ 
FEEDEQ 
FEEDEQ 
FEEDEQ 
FEEDEQ 
FEEDEQ 
FEEDEQ 
FEEDEQ 
FEEDEQ 
FEEDEQ 
F'EEDEQ 
F'EEDEQ 
FEEDEQ 
FEEDEQ 
FEEDEQ 
CHFEED 
CHFEED 
MSHIM 
MSTOP 
FEEDEQ 
FEEDEQ 
FEEDEQ 
FEEDEQ 
FEEDEQ 
F:'::EDEQ 
FEEDEQ 
FEEDEQ 
FEEDEQ 
F'EEDEQ 

FROM MASBAL 

FIGURE 8.13. Output File CHGREG.OUT 
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~~~~~~~~~··············~···············~····~~·············~ 
' ' 
' COMP 1.0UT FROM MASBAL ' ' • ' * Title: MASBAL TEST CAS~ ' 
' ' • User: P.".UL R~IMUS ' • ' • 
' Date: 5-MAY-1987 ' 
' • 
• Time: :!.S:56:06 
• • 
~-~~~-~-·~--~·~··················~··················~··~·~·· 

COMPOSITION IN LAST MELTE2 R~GION t M.A,.SS FRACTION l 

TIME SI02 B203 NA20 FE203 K20 

0.00 0. 443343 0.107373 0.096811 0.07!3492 0.081999 
5.00 0.443250 0.107334 C.096854 0.078520 0.081995 

10. 00 0.442978 0.107218 0.096983 0.078604 0.081983 
15.00 0.441954 0.107722 0.097195 0.078709 0.081969 
20.00 0.439571 0.109599 0.097481 0.078799 0.081960 
25.00 0. 435864 0. 112824 0.097838 0.078871 0.081957 
30.00 0.431066 0.117175 0.098247 0.078924 0.081960 
35.00 0.425587 0.122255 0.098683 0.078961 0.081966 
40.00 0.419675 0.127818 0.099130 0.078983 0.081975 
45.00 0.413575 0.133618 0.099572 0.078991 0.081987 
50.00 0.407494 0.139450 0.099999 0.078989 0.082000 
55.00 0.401611 0.145136 0.100401 0,078977 0.082013 
60.00 0.396063 0.150539 0.100769 0.078957 0.082024 
65.00 0.390939 0.155564 0.101100 0.078932 0.082034 
70.00 0.386258 0.160181 0.101396 0.078903 0.082042 
75.00 0.382035 0.164369 0.101658 0.078872 0.082048 
80.00 0.378262 0.168128 0.101886 0.078840 0.082054 
85.00 0.374925 0. 171469 0.102085 0.078809 0.082058 
90.00 0.372004 0.174406 0.102256 0.078779 0.082062 
95.00 0.369470 0.176964 0.102402 0. 078751 0.082065 

100.00 0.367272 0.179191 0.102526 0. 078725 0.082067 
105.00 0.365375 0.181120 0.102631 0.078701 0.082069 
110.00 0.363741 0.182787 0.102720 0.078679 0. 082071 
115.00 0.362342 0.184220 0.102796 0.078659 0.082072 
120.00 0.361148 0.185446 0.102859 0.078642 0.082073 
125.00 0.360136 0.186489 0.102912 0.078626 0.082073 
130. 00 0.359274 0.187380 0.102956 0.078612 0.082074 
135.00 0.358540 0.188141 0.102993 0.078600 0.082074 
140.00 0.357918 0.188788 0.103024 0.078589 0.082074 
145.00 0.357390 0.189338 0.103050 0.078579 0.082074 
150.00 0.356944 0.189805 0.103072 0.078571 0.082075 
155.00 0.356975 0.190032 0.103013 0.078514 0. 082021 
160.00 0. 357080 0.190532 0.102763 0.078466 0.081944 
165.00 0.357280 0.191124 0.102318 0.078421 0.081839 
170.00 0.357541 0.191806 0.101750 0.078381 0.081717 
175.00 0.357838 0.192532 0.101110 0.078344 0.081587 • 
180.00 0.358152 0.193267 0.100439 0.078312 0.081456 
185.00 0.358466 0. 193986 0.099768 0.078283 0.081327 
190.00 0.358774 0.194677 0. 099113 0.078257 0.081203 
195.00 0.359070 0.195329 0.098486 0.078234 0.081085 
200.00 0.359349 0.195938 0.097895 0.078214 0.080976 • 

FIGURE 6,14. Output Fi I e COMP !.OUT 
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~~~~~~~~~~~~~~~~~~~4··~~·····~~·~··~············4~~··~····~~ 

• • 
• COHP 2.0UT FROM MASBAL • 
• • 
• T1 tle: MASBAL TEST CASE • 
• • 
• User: ~AUL REII"'US • 
• • 
• DJ.te: 5-MAY-1987 
• • 
• Time: 1:'::56:06 • 
• • 
***********~********~~··~~·~··-~·****************~********~* 

COI"'.PIJSITION IN LAST MEtTER REGION IMASS FRACTIONl 

TIME CS20 SRO NIO ZNO OTiiER 

c:.oo 0.005090 0. 005204 0.039669 0.037935 0.104085 
5.00 0.005089 0.005204 0.039684 0.037985 0.104085 

10. 00 0.005086 0. 005204 0.039729 0.038131 0.104085 
15.00 0.005079 0.005203 0.039790 0.038325 0.104054 
20.00 0.005068 0.005198 0.039852 0.038512 0.103960 
25.00 0.005051 0.005190 0.039914 0.038688 0.103802 
30.00 0.005031 0.005180 0.039974 0.038849 0.103593 
35.00 0.005009 0.005167 0.040030 0.038991 0.103350 
40.00 0.004985 0.005154 0.040082 0.039114 0.103085 
45.00 0.004961 0.005140 0.040128 0.039217 0.102810 
50.00 0.004937 0.005127 0.040168 0.039302 0.102534 
55.00 0.004914 0.005113 0. 040202 0.039369 0.102263 
60.00 0.004893 0.005100 0.040230 0.039420 0.102004 
65.00 0.004873 0.005088 0.040252 0.039457 0.101761 
70.00 0.004854 0.005077 0.040270 0.039483 0.101537 
75.00 0.004838 0.005067 0.040283 0.039500 0.101332 
ao.oo 0.004823 0.005057 0.040293 0.039509 0.101147 
as.oo 0. 004810 0.005049 0.040300 0.039513 0.100981 
90.00 0.004798 0.005042 0.040305 0.039513 0.100835 
95.00 0.004788 0.005035 0.040308 0.039509 0.100708 

100.00 0.004780 0.005030 0.040310 0.039504 0.100596 
105.00 0. 004 772 0.005025 0.040311 0.039497 0.100499 
110.00 0.004766 0. 005021 0.040311 o·. 039490 0.100415 
115.00 0.004760 0.005017 0.040311 0.039482 0.100342 
120.00 0.004755 0.005014 0.040310 0.039474 0.100280 
125.00 0.004751 0.005011 0.040309 0.039466 0.100227 
130.00 0.004748 0.005009 0.040308 0.039459 0.100181 
135.00 0.004745 0.005007 0.040307 0.039452 0.100142 
140.00 0.004743 0.005005 0.040305 0.039445 0.100109 
145.00 0.004741 0.005004 0.040304 0.039440 0.100080 
150.00 0.004739 0.005003 0.040303 0. 039434 0.100056 
155.00 0.004735 0.004999 0.040274 0.039406 0. 099972 
160.00 0.004738 0.004994 0.040208 0.039395 0.099881 
165.00 0.004747 0.004989 0.040102 0.039402 0.099778 
170.00 0.004760 0.004984 0.039972 0.039419 0.099670 
175.00 0.004776 0.004978 0.039828 0.039445 0.099561 
180.00 0.004794 0.004973 0.039679 0.039474 0.099455 

' 185.00 0.004811 0.004968 0.039531 0.039506 0.099354 
190.00 0.004829 0.004963 0.039387 0.039539 0.099259 
195.00 0.004846 0.004959 0.039250 0.039571 0.099170 
200.00 0.004862 0.004954 0.039121 0.039602 0.099089 

• FIGURE 6.15. Output F i 1 e COMP 2.0UT 
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~~~~·~·~~~************~****************"*""******"********** 

• • • FDRATE. OUT 
• 
• Title: MASBAL TEST CASE 
• 
• User: PAUL REIMUS 
• 
• Date: S-.'1AY-!.987 
• 
• Time: ~5:50:06 

• 

TIME OF FEED RATE C~~GE 
NEW FEED RATE (~IHRI : 

TIME OF FEED RATE CHANGE 
NEW FEED RATE (L!HRJ = 

20.0005 
134.4433 

= 24.9993 
120.3613 

FROM MASBAL 

FIGURE B.l6. Output File FORATE.OUT 
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• • 
• 
• 
• 
• 
' • 
' 

• 

• 



• 

' 

• 

OFFGAS.OUT FROM MASBAL 

" Title: l".a.sBAL TEST CASE 

" U2er: r.II.UL REIMUS 

" Date: 3-MAY-1987 

" Time: :::56:06 

NEW SET OF OFF-GAS DATA 

CONSTITUENT N ANALYSIS 1 ANALYSIS 2 ANALYSIS 3 

SI02 l 0.0000 10.0000 
8203 l o.oooo 10.0000 
NA20 l 0.0000 10.0000 
FE203 l 0.0000 10.0000 
K20 l 0.0000 10.0000 
CS20 l 0.0000 10.0000 
SRO l 0.0000 10.0000 
NIO l 0.0000 10.0000 
ZNO l 0.0000 10.0000 
OTHER l 0.0000 10.0000 
END 0 0.0000 0.0000 

TIME UNTIL THE NEXT OFF-GAS SAMPLING : 200.0002 

CALCULATED VOLATILIZATION RATES UNTIL NEXT SAMPLE 

CONSTITUENT 

SI02 
8203 
NA20 
FE203 
K20 
CS20 
SRO 
NIO 
ZNO 
OTHER 

VOLAT. RATE 

0.0000 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 

FIGURE 8.17. Output File OFFGAS.OUT 
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10.0000 
10.0000 
10". 0000 
10.0000 
10.0000 
10.0000 
10.0000 
10.0000 
10.0000 
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• 
• PORHIS.OUT FROM 
' 
' Title: MASBAL TEST CASE 
' 
' User: PAUL REIMUS 
' 
' Date: :.-M.~Y-1987 

' 
' Time: l5:5t:06 
• 

START TIME FOR SC~ULED POUR ~ 

STOP TIME FOR SCHEDULED POUR =-

l. 0014 
6.0004 

START TIME FOR FUTURE POUR=- 7.0004 
MASS OF POUR <KGl : 252.0108 
DURATION OF POUR (HRJ = 5.0008 
STOP TIME FOR FUTURE POUR : 12.0012 
TIME UNTIL NEXT POUR = 0.9996 

START TIME FOR FUTURE POUR = 13.0009 
MASS OF POUR <KGJ = 251.9889 
DURATION OF POUR <HRJ = 5.0008 
STOP TIME FOR F1JTURE POUJl =- 18.0016 
TIME UNTIL NEXT POUR z 0.9992 

START TIME FOR FUTURE POUR = 19.0008 
MASS OF POUR fKGJ = 251.9958 
DURATION OF POUR <HRJ = 4.9995 
STOP TIME FOR FUTURE POUR = 24.0003 
TIHE UNTIL NEXT POUR ,. 1. 0002 

START TIME FOR FUTURE POUR ~ 25. 0005 
MASS OF POUR (KGJ = 252.0048 
DURATION OF POUR <HRJ = 4.9996 
STOP TIME FOR FUTURE POUR " 30.0001 
TIME UNTIL NEXT POUR " 0. 9987 

START TIME FOR FUTURE POUR = 30. 9988 
MASS OF POUR <KGJ = 252.0033 
DURATION OF POUR <HRJ ~ 4.9995 
STOP TIME FOR FUTURE POUR = 35.9983 
TIME UNTIL NEXT POUR ~ 1.0011 

START TIME FOR FliTURE POUR = 36.9994 
HASS OF POUR IKGJ = 252.0096 
DURATION OF POUR <HRJ = 4.9995 
STOP TIME FOR FUTURE POUR = 41.9989 
TIME UNTIL NEXT POUR = 0.9988 

START TIME FOR FUTURE POUR = 42.9977 
HASS OF POUR <KGJ = 251.9967 
DURATION OF POUR <HRJ = 4.9976 
STOP TIME FOR FUTURE POUR = 47.9953 
TIME UNTIL NEXT POUR = 1. 0012 

START TIME FOR FUTURE POUR : 48.9965 

MASBAL 

FIGURE B.I8. Output File PORHIS.OUT 
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• 

• 

MASS OF POUR (KG I = 251. <l94E. 
DURATION OF POUr. (rffi) 4.9?8~ 

STOP TIME FOR FUTURE POUR= 53.9946 
TIME UNTIL NEXT POUFl = 0. 9997 

:TART TIME FOR ~JTURE POUR 54.9943 
MASS OF POUR (KG I = ~52.0il5 

DURATION Of FOUR !Hfn ~ 5. 0012 
STOP TIME FOR FUTIIRE P·)UR = 5'1. 9955 
TIME UNTIL NEXT POUR = 0. '1990 

START TIME FOR ~JTURE PGUR = 60.9945 
~tASS OF POUR (KGI = :::5·2.0134 
Ol.JR.~TION OF POUR (h'Rl ~ 4.9994 
STOP TIME FOR FUTURE POU~ = 65.9939 
TIME UNTIL NEXT POUR = 1.0005 

START TIME FOR FUTURE POUR = 66.9944 
MASS OF POUR !KGI = 252.0006 
DURATION OF POUR !HRI = 4.9996 
STOP TIME FOR FUTURE POUR= 71.9940 
TIHE UNTIL NEXT POUR = l. 0005 

START TIME FOR FUTURE POUR = 72.9944 
MASS OF POUR !KGI : 252.0059 
DURATION OF POUR CHRI = 4.9996 
STOP TIME FOR FUTURE POUR= 77.9940 
TIME UNTIL NEXT POUR = 0.9980 

START TIME FOR FUTURE POUR = 7 B. 9921 
MASS OF POUR !KGl = 252.0051 
DURATION Of POUR (HRl = 4.9999 
STOF TIME FOR FUTURE POUR = 83.9920 
TIME UNTIL NEXT POUR " 1. 0003 

START TIME FOR FUTURE POUR : 84.9923 
MASS OF POUR (KGl = 251.9810 
DURATION OF POUR (HR) ~ 4.9986 
STOP TIME FOR FUTURE POUR= 89.9909 
TIME UNTIL NEXT POUR : 1.0010 

START TIME FOR FUTURE POUR = 90.9920 
MASS OF POUR (KG> = 252.0044 
DURATION OF POUR (HR! " 5.0006 
STOP TIME FOR FUTURE POUR = 95.9926 
TIME UNTIL NEXT POUR = 0.9993 

START TIME FOR FUTURE POUR = 96.9918 
MASS OF POUR (KGl " 251.9803 
DURATION OF POUR !HRl = 4.9998 
STOP TIME FOR FUTURE FOUR = 101.9917 
TIME UNTIL MEXT POUR = 1.0013 

START TIME FOR FUTURE POUR = 102.9930 
MASS OF POUR (KGl : 252.0029 
DURATION OF POUR (HRl = 5.0001 
STOP TIME FOR FUTURE POUR: 107.9931 
TIME UNTIL NEXT POUR = 1. 0009 

START TIME FOR FUTURE POUR = 108.9940 

FIGURE 6.18. (contd) 
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MASS OF POUR IKGl ~ 251.9954 
DURATION OF POUR (HRl 5.0009 
STOP TIME FOR FUTUR~ POUR = 113.9949 
TIME UNTIL ~POUR ~ 1.0001 

START TIME FOR FUTe:;.E POUR = 114. 9<~49 
MASS OF POUR IKGi = 25l. 9905 
OUR}.':'ION OF POUR 11--:;1! = 4.9994 
:O~IJP TIME FOR FUTURE: FOUl' = 119.9943 
TII".:E UNTIL NEXT POllK = 0. 9993 

~TART TIME FOR FUTUR~ POUP. 120.9936 
~ASS OF POUR IKGJ ~ 252.0166 
DURATION OF POUR 1!-{.'ql = 4.99% 
STOP TIME FO~ FUTURE POUR 125.9932 
TIME UNTIL NEXT POUR = 1.0002 

START TIME FOR FUTURE POUR = 126.9934 
MASS OF POUR IKGJ = 251.9928 
!JURATION OF" POUR I!"!R 1 = 5.0014 
STOP TIME FOR FUTURE POUR = 131.9948 
TIME UNTIL ~ POUR = 0.9989 

START TIME FOR FUTURE POUR = 132.9937 
MASS OF POUR IKGJ = 252.0075 
DURATION OF POUR fHRl = 5.0007 
STOP TIME FOR FUTURE POUR~ 137.9944 
TIME UNTIL NEXT POUR = 1.0005 

START TIME FOR FUTURE POUR = 138.9950 
MASS OF POUR IKGJ = 252.0073 
DURATION OF POUR IHRJ = 4.9996 
STOP TIME FOR FUTURE POUR = 143.9945 
TIME UNTIL NEXT POUR 2 1.0000 

START TIME FOR FUTURE POUR = 144. 9945 
MASS OF POUR IKGl • 252.0061 
DURATION OF POUR IHRl = 4.9998 
STOP TIME FOR FUTURE POUR = 149.9943 
TIME UNTIL NEXT POUR = 1.0016 

START TIME FOR FUTURE POUR = 150.9959 
MASS OF POUR IKGJ = 252.0030 
DURATION OF POUR IHRJ = 4.9993 
STOP TIME FOR FUTURE POUR = 155.9951 
TIME UNTIL NEXT POUR = 1.0009 

START TIME FOR FUTURE POUR = 156.9961 
MASS OF POUR fKGJ = 251.9928 
DURATION OF POUR IHRJ = 4.9996 
STOP TIME FOR FUTURE POUR = 161.9957 
TIME UNTIL NEXT POUR = 1.0006 

START TIME FOR FUTURE POUR= 162.9963 
MASS OF POUR IKGJ s 251.9989 
DURATION OF POUR IHRJ s 5.0005 
STOP TIME FOR FUTURE POUR = 167.9968 
TIME UNTIL NEXT POUR .. 0. 9987 

START TIME FOR FUTURE POUR z 168.9955 

FIGURE 8.18. (contd) 
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• 

MASS OF POUR <KGJ ~ 252.0044 
DURATION OF POUR <HRl ~ 5.0002 
STOP TIME FOR FUTURE POUR ~ 173.9957 
TIME UNTIL !'lEX!' POUR = 1. 0004 

START TIME FOR FUTURE POUR = 174.996~ 
~55 OF POUR <KG' = ~51.997~ 
DURATION OF POUR (HRl = 5.0011 
3TOP TIME FOR P.~RE POUR= 17 9.997: 
~IME UNTIL NEXT POUR = 0. 9996 

START TIME FOR FUTURE POUR = 180.9968 
!".AS=· OF POUR (KG i 25:. 9992 
DURP.TION OF POUF (HRI = 4.9994 
STOP TIME FOR FUTURE POUR = 185.9962 
TIME UNTIL NEXT POUR = 1. 0011 

START TIME FOR FUTURE POUR = 186.9973 
MASS OF POUR <KGJ = 251.9885 
DURAT:ON OF POUR (HRl = 4.9974 
STOP TIME FOR FUTURE POUR= 191.9947 
TIME UNTIL NEXT POUR = 1.0000 

START TIME FOR FUTURE POUR = 192.9947 
MASS OF POUR <KGl : 251.9959 
DURATION OF POUR <HRJ = 4.9999 
STOP TIME FOR FUTURE POUR = 197.9946 
TIME UNTIL NEXT POUR= 0.9994 

START TIME FOR FUTURE 
MASS OF POUR <KG> • 
DURATION' OF POUR < HR l 

FIGURE 8.18 • 
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POUR ~ 198.9940 
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• • 
• PORSUM.OUT FROM MASBAL 
• " • Title: MASBAL TEST CASE • 
" • Use~: P.~UL REIMUS • 
• 
" Date: 5-MAY-1987 • 
• • 
• Time: 15:56:06 

" • 

CANISTER POURING SUMMARY - TIMES AND MASSES Of POURS 

TIMES ARE HOURS SINCE START OF • SIMULATION 

NUMBER START TIME STOP TIME MASS tKGl 

1 1.0014 6.0004 252.00288 
2 7.0004 12.0012 252.01086 
3 13. 0009 18.0016 251.98894 
4 19.0008 24.0003 251.99567 
5 25.0005 30.0001 252.00479 
6 30. 9988 35.9983 252.00331 
7 36 0 9994 41.9989 252.00935 
8 42.9977 47.9953 251.99678 
9 48.9965 53.9946 251.99486 

10 54-9943 59.9955 252.01167 
11 60.9945 65.9939 252.01314 
12 66.9944 71.9940 252. 00110 
l3 72.9944 77.9940 252.00560 
14 78.9921 83.9920 252.00526 
15 84.9923 89.9909 251.98132 
16 90.9920 95.9926 252.00400 
17 96.9918 101.9917 251.98018 
18 102.9930 107.9931 252.00270 
19 108.9940 113.9949 251.99545 
20 114.9949 119.9943 251.99037 
21 120.9936 125.9932 252.01865 
22 126.9934 131.9948 251.99257 
23 132.9937 137.9944 252.00746 
24 138.9950 143.9945 252.00748 
25 144.9945 149.9943 252.00635 
26 150. 9959 155.9951 252.00337 
27 156.9961 161.9957 251.99321 
28 162.9963 167.9968 251.99811 
29 168.9955 173.9957 252.00433 
30 174.9961 179.9972 251.99838 
31 180.9968 185.9962 251.99843 
32 186.9973 191.9947 251.98882 
33 192.9947 197.9946 251.99617 

FIGURE B.l9. Output File PORSUM.OUT 
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**********~~****************************~******************* 

' ' • POUR 1.0UT FROM .~SAL ' 
' • 
• Title: !"_A.SBAL TEST CASE • 
• • 
• U!ler: P.;'}L REIMUS ' • • 
' D3.te: 5-MAY-1987 ' 
' ' * Time: 15:56:06 • 
' ' 
****************************************************~~****** 

' COMPOSITION OF BATCH GLASS POURS !MASS FP:t\CTION l 

NUMBER sro~ 8203 NA20 IT:Z03 K20 

1 0.443290 0.107350 0. 096836 0.078508 0.081997 
2 0.442<J95 0.107242 0.096970 0.078595 '.).081984 
3 0.441716 0.107908 0.097224 0.078718 0.081968 
4 0.438546 0.110478 0.097583 0.078822 0.081959 
5 0.433546 0.114916 0.098039 0.078899 0.081958 
6 0. 427275 0.120685 0.098551 0.078951 0.081964 

• 7 0.420267 0.127260 0.099085 0.078981 0.081974 
8 0.412964 0.134204 0.099615 0.078991 0.081988 
9 0. 405721 0.141160 0.100121 0.078986 0.082004 

10 0.398828 0.147843 0.100586 0.078968 0.082019 
11 0.392463 0.154068 0.101002 0.078940 0.082031 
12 0.386727 0.159718 0.101367 0.078906 0.082041 
13 0.381656 0.164746 0.101681 0.078869 0.082049 
14 0.377242 0.169149 0.101947 0.078831 0.082055 
15 0.373446 0.172955 0.102172 0.078794 0.082060 
16 0.370216 0.176210 0.102359 0.078760 0.082064 
17 0.367492 0.178967 0.102513 0. 078728 0.082067 
18 0.365211 0.181287 0.102640 0.078699 0.082069 
19 0.363310 0.183228 0.102744 0.078673 0.082071 
20 0.361734 0.184844 0.102828 0.078650 0.082072 
21 0.360432 0.186184 0.102896 0.078631 0.082073 
22 0.359359 0.187292 0.102952 0.078613 0.082074 

" 0.358478 0.188206 0.102996 0.078598 0,082074 
24 0.357755 0.188958 0.103032 0.078586 0.082074 
25 0. 357162 0.189576 0.103061 0.078575 0.082074 
26 0.356969 0.190004 0.103032 0.078530 0.082037 
27 0.357068 0.190487 0.102789 0.078471 0.081952 
28 0.357306 0.191193 0.102261 0.078417 0.081827 
29 0.357628 0.192021 0.101562 0.078370 0.081679 
30 0.357993 0.192897 0.100776 0,078328 0.081522 
31 0. 358371 0.193770 0.099971 0.078291 0.081365 
32 0.358744 0.194607 0.099179 0.078260 0.081215 
33 0.359098 0.195390 0.098426 0.078232 0.081074 

FIGURE B.20. Output File POUR I. OUT 
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NUMBER 

1 

' 3 
4 
5 
6 
7 
8 

' 10 
11 
12 
l3 
l4 
15 
16 
l7 
18 
l9 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

' 
' POUR 2.0UT FROM MASBAL 

* Title: MASBAL TEST CASE 
• 
" \.'ser: !?.1t..UL REI MUS 
• 

*Time: 15:56:06 
• 

COMPOSITrON OF BATCH GLASS POURS I MASS FRACTIONl 

C520 

0.005089 
0.005086 
0.005078 
0.005063 
0.005042 
0.005016 
0.004988 
0.004959 
0.004930 
0.004903 
0.004878 
0.004856 
0.004836 
0.004819 
0.004804 
0.004791 
0.004780 
0.004772 
0.004764 
0.004758 
0.004753 
0.004748 
0.004745 
0.004742 
0.004740 
0.004736 
0.004737 
0.004748 
0.004765 
0.004785 
0.004806 
0.004827 
0.004848 

.3RO 

0.005204 
0.005204 
0.005202 
0.005196 
0.005185 
0.005171 
0.005156 
0.005139 
0.005123 
0.005107 
0.005092 
0.005078 
0,005066 
0.005055 
0.005045 
0.005037 
0,005030 
0.005025 
0.005020 
0.005016 
0.005012 
0.005009 
0.005007 
0.005005 
0.005003 
0.005000 
0.004995 
0.004988 
0.004982 
0.004975 
0.004969 
0.004963 
0.004958 

NIO 

0. 039678 
0.039724 
0.039796 
0. 039871 
0.039944 
0.040014 
0. 040077 
0. 040132 
0.040179 
0.040217 
0.040246 
0.040268 
0.040284 
0.040295 
0.040303 
0.040307 
0.040310 
0. 040311 
0.040311 
0.040310 
0.040309 
0.040308 
0. 040307 
0.040305 
0.040304 
0.040283 
0.040215 
0.040089 
0.039930 
0.039754 
0.039575 
0.039401 
0.039237 

ZNO 

0.037964 
0. 038115 
0.038344 
0.038566 
0.038770 
0.038950 
0.039102 
0.039226 
0.039323 
0.039396 
0.039447 
0.039481 
0.039501 
0.039511 
0.039513 
0.039510 
0.039504 
0.039496 
0.039487 
0.039478 
0.039468 
0.039460 
0.039451 
0.039444 
0.039437 
0.039413 
0.039396 
0.039404 
0.039427 
0.039459 
0. 039496 
0.039535 
0.039574 

FIGURE B.21. Output File POUR 2.0UT 
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OTHER 

0.104085 
0.104084 
0.104045 
0.103916 
0.103701 
0.103425 
0.103111 
0.102782 
0.102452 
0.102134 
0.101834 
0.101559 
0.101313 
0.101096 
0.100907 
0.100745 
0.100607 
0.100491 
0.100392 
0.100310 
0.100242 
0.100185 
0.100139 
0.100100 
0.100068 
0.099996 
0.099890 
0.099767 
0.099638 
0.099508 
0.099384 
0.099268 
0.099162 

• • 
• 
' 
' 
' 
' 
' 
' 
' 
' 

• 

' 



···~························································ 
' ' 
' REGMAS. OUT FROM MASBAL • 
' ' 
• Title: !'t\SBAL TEST CASE • 
' • 
* User: F.\UL REIMUS ' 

' ' • 
' Date: ::-MAY-1987 ' 
' ' 
' '!'ime: ::.::56:06 ' 
' •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

MASS " ALL REGIONS IN MEtTER rGMSl 

TIME REGION 1 REGION 2 REGION 3 REGION 4 REGION 5 

0.00 0. 00 0.00 0.00 0.00 2376564.50 
5.00 174713.23 0.00 0.00 0.00 2190672.00 

10.00 321462.81 0.00 0. 00 o.oo 2032723.50 
15.00 451275.03 0.00 0.00 0.00 1899048. 13 
20.00 560574.31 0.00 0. 00 0.00 1786228.88 
25.00 686656.50 o.oo 0.00 0.00 1693686.13 
30.00 769960.63 0.00 0,00 0.00 1568925.63 
35.00 839931.56 0.00 0.00 0.00 1507813.63 
40.00 898703.13 0.00 0.00 0.00 1458015.88 
45.00 948068.06 0.00 0.00 0.00 1417476.38 
50.00 989532.00 0.00 o.oo 0.00 1384930.63 
55.00 1024359.50 0.00 0.00 0.00 1358800.00 
60.00 1053612.63 0.00 0.00 0.00 1288208.38 
65.00 1078183.38 0.00 0.00 0.00 1272111.13 
70.00 1098821.50 0.00 0.00 0.00 1260260.13 
75.00 1116156.50 0.00 0.00 o.oo 1251715.50 
80.00 1130717.13 0.00 0.00 0.00 1245824.63 
85.00 1142947.25 0.00 o.oo 0.00 1242389.00 
90.00 1153219.63 0.00 0.00 0.00 1190907.13 
95.00 1161848.00 0.00 0.00 0.00 1190680.75 

100.00 1169095.38 0.00 0.00 0.00 1192192.88 
105.00 1175182.88 0.00 0.00 0.00 1194962.25 
110.00 1180295.88 0.00 0.00 0.00 1198692.88 
115.00 1184590.63 0.00 0.00 0.00 1203225.00 
120.00 1188198.00 0.00 o.oo 0.00 1158267.75 
125.00 1191228.00 0.00 0.00 0.00 1163669.38 
130.00 1193773.00 0.00 0.00 0.00 1169959. co 
135.00 1195910.38 0.00 0.00 0.00 1176595.13 
140.00 1197705.88 0.00 0.00 0.00 1183622. 63 
145.00 1199214.13 0.00 0.00 0.00 1190875.38 
150.00 1202522.88 0.00 0.00 0.00 1148264. 88 
155.00 1206490.88 0.00 0.00 0.00 1156732.25 
160.00 1209607.00 o.oo 0.00 0.00 1166020.50 
165. 00 1212224.50 0.00 o.oo 0.00 1175813.13 
170. 00 1214422.88 0.00 0.00 0.00 1185941. 13 
175.00 1216269.63 0.00 0.00 0.00 1196494.75 
180.00 1217820.50 o.oo 0.00 0.00 1157115.13 
185.00 1219123.38 0.00 0.00 0.00 1168003. 75 
190.00 1220217.63 o.oo 0.00 0.00 1179261.50 
195.00 1221136.75 0.00 0.00 0.00 1190667.00 
200.00 1221908.75 o.oo 0.00 0.00 1202240.63 • 

FIGURE B.22. Output Fi 1 e REGMAS.OUT 
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~~~**~········~~····································~······· 
' ' 
' SHIMS.OliT FROM MASBAL 
' 
' Title: M.~.SBAL TEST CASE 
' 
' U3er: PNJL REI MUS 
• 
' Date: :.-MAY-1987 
' • Time: 15:50:06 

' 

FEED SHIM 

DATA FROM FSHIM.DAT 

CONSTITUENT N ANALYSIS 1 ANALYSIS 2 ANALYSIS 3 

5I02 1 200.000 210.000 210.000 
END 0 o.ooo 0.000 0.000 

STARTING TIME FOR FEED SHIM • 50.0008 
METHOD OF ANALYSIS OF COMPOSITION = 1 

CALCULATED COMPOSITION OF SHIM 

CONSTITUENT G OXIDE/L NSAM NANL 

SI02 213.562 l l 
B203 0. 000 0 0 
NA20 0.000 0 0 
FE203 0.000 0 0 
K20 0.000 0 0 
CS20 0.000 0 0 
SRO 0.000 0 0 
NIO 0. 000 0 0 
ZNO 0.000 0 0 
OTiiER 0.000 0 0 

STOP TIME FOR FEED SHIM • 50.0031 

COMPOSITION IN FEED TANK AFTER SHIM 

CONSTITUENT 

5!02 
B203 
NA20 
FE203 
K20 
CS20 
SRO 
NIO 

G OXIDE/L 

123.943 
67.247 
36.070 
27.449 
28.692 

1.653 
1. 74 7 

l4. 086 

FIGURE 8.23. Output File SH!MS.OUT 
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ZNO 
OTHER 

13.771 
34.93.2 

MELTER SHIM 

DATA FROM MSP.IM.DAT 

CONSTITUENT N ANALYSIS 1 ~~ALYSIS 2 ANALYSIS 3 

.::102 1 200.000 210.000 210.000 
END 0 0.000 0.000 0.000 

STARTING TIME FOR KELTER SHIM 149.9990 
METHOD OF ANALYSIS OF COMPOSITION " 1 

CALCULATED COMPOSITION OF SHIM 

CONSTITUENT G OX!DE/L •sAMM NANLM 

SI02 171.575 1 1 
B203 0.000 0 0 
NA20 0.000 0 0 
FE203 0.000 0 0 
K20 0.000 0 0 
CS20 0.000 0 0 
SRO 0.000 0 0 
•ro 0.000 0 0 
z•o 0.000 0 0 
OTHER 0.000 0 0 

STOP TIME FOR MELTER. SHIM " 150.0014 

FIGURE B.23. ( contd) 
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