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PREFACE 

A simulation in SLAM and an analytical computer program 

called CAN-Q were used to study the feasibility-of adding 

cranes to the cleaning and lubing tanks at Southwest Tube 

Manufacturing. 

A comparison is made of the trade-offs and difficulties 

in using SLAM and CAN-Q in the study. This is accomplished 

by comparing outputs of both programs, determining confid

ence intervals and comparing this data with the actual 

system. A cost analysis is also done on the feasibility of 

adding the cranes to the tanks. 
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CHAPTER I 

INTRODUCTION 

One of the major problems in production planning today 

is bottlenecks or blockages of material flow through 

production operations. Southwest Tube in Sand Springs, 

Oklahoma has such a problem currently in their tank 

operation. 

Southwest Tube produces hydraulic and mechanical tubing 

to specifications for customers. These tubes are cold-drawn 

and then heat treated through a furnace to a desired 

hardness. Before the tubes are cold-drawn, they must be 

chemically cleaned and lubricated. This operation is done 

in the tank system. Overhead cranes dip tubes in various 

tanks and then set them on a dryer after treatment. The 

tubes are then taken away to the cold-drawing production 

area. Currently the tanks cannot keep up with the 

production on the cold-drawing floor. This causes the floor 

to go idle waiting for more tubes. 

One method to increase production is to increase the 

length of the work shift or add another shift. However, the 

tanks run 24 hours a day, seven days a week, so this plan 

has already been implemented~ Another approach to the 

problem is the addition of cranes. This particular approach 

is the only feasible way that output can be increased 
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through the tanks. 

An analysis must be made of the addition of cranes to 

the system to find if the new equipment will really increase 

production, and to decide if the addition of cranes will be 

economically feasible. 

One approach that lends itself well to this type of 

problem is simulation, however, simulation can be a very 

expensive and time consuming technique. Another approach 

that may apply well to this type of problem is an analytical 

technique called CAN-Q. This method is less costly than 

simulation. The proposed research deals with the 

application of simulation and CAN-Q to this type of 

environment, particularly Southwest Tube's production 

problem, and the cost effectiveness of adding the cranes. 



CHAPTER II 

LITERATURE REVIEW 

Simulation 

Simulation has been defined by Shannon (18} as 

the process of designing a computerized model of a 
system Cor process} and conducting experiments 
with this model for the purpose of under standing 
the behavior of the system or of evaluating 
various strategies for the operation of the 
system Cp. 2 4} • 

This particular definition of simulation seems to cover the 

more important aspects for the model building type of 

problem solving process. Of particular importance is the 

linking of simulation to the traditional model building 

approach to problem solving. This model building method, 

more commonly referred to as the scientific method, contains 

the following stages: 

1. Observation of the system; 

2. Formulation of hypotheses or theories that account 

for the observed behavior; 

3. Prediction of the future behavior of the system based on 

the assumption that the hypotheses are correct; and 

4. Comparison of the predicted behavior with the actual 

behavior. 

However, since the scientific method requires previous 

observations, which is impossible for certain systems 
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(especially those that do .not exist), a slightly different 

ap~roach to simulation is taken. This approach is called 

system methodology and consists of four phases: planning, 

modeling, validation and application. 

Planning 

The first phase in systems modeling is planning. It is 

at this phase that the modeler first encounters the system. 

The planner first determines a problem definition. Once the 

problem has been clearly defined, the modeler can collect 

pertinent data that might help in the problem solving 

process. The second stage in the planning process is to 

analyze the system to gain a thorough understanding of the 

system and the problem. Many simulation models fail because 

of an incomplete understanding of the system or the problem. 

Modeling 

The second phase in systems methodology is modeling. 

In this phase the analyst constructs a model from the 

system. The modeling of a system is made easier if: 1) 

physical laws are available that pertain to the system; 2) a 

pictorial or graphical representation can be made of the 

system; and 3) the variability of system inputs, elements, 

and outputs is manageable [Graybeal and Pooch (5)1. An 

analyst will try to simplify the system by using boundaries 

to limit the scope of the simulation within reasonable 

terms, limit the inputs and outputs to a level that will 
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both be economical and maintain model integrity. The 

modeler will also draw a schematic or flow chart of the 

model so a better understanding of the model can be 

obtained. If the system is so complex that no 

representative model can be used, then a method of subsystem 

modeling is used. In this approach, the system is divided 

into smaller, less complex subsystems and an overall model 

is used to link the subsystems together. 

Three approaches have been used in identifying 

subsystem~ [Graybeal and Pooch (5)]. The first type is the 

flow approach. This type of approach has been used to 

analyze systems that have a flow of physical or information 

items through the system. Subsystems are identified by 

grouping aspects of the system that produce a particular 

physical or information change in the flow entity. A second 

approach used to identify subsystems is the functional 

approach. This type of approach is used when no observable 

flowing entities can be found in a system. Instead, a 

logical sequence of functions being performed is identified 

and grouped into a particular subsystem containing all 

system characteristics that perform a certain function. The 

last method is called the state-change approach. This 

procedure is used in systems which are characterized by a 

large number of interdependent relationships and which must 

be examined at regular intervals to detect state changes. 

System characteristics that respond to the same stimulus or 

set of stimuli are then grouped to form a subsystem. 
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Once the subsystems have been identified they must be 

modeled. One task in modeling is choosing an appropriate 

simulation language. This depends on the type of modeling 

involved, the facilities available, and the analyst's 

knowledge of certain languages. After the language is 

chosen, a computer model of the system can be made. 

Another task in the modeling phase is the estimation of 

the system variables and parameters. At this point real 

world data are summarized into a manageable statistical 

description of the system's characteristics. This is done 

by collecting data over some period of time and then 

computing a frequency distribution for the desired 

variables. 

Validation 

The next phase of system methodology is validation. A 

model is validated by proving that it is a correct 

representation of the real system. Certain techniques have 

proven useful. in the simulation process. One technique is 

to compare the results of the simulation with results 

historically produced by the real system operating under the 

same conditions. A second technique is to use the 

simulation to predict results. The predictions are then 

compared with the results produced by the real system at 

some future period in time. 

Naylor and Finger (12) use a three-step approach to 

validation of a simulation model. The first step is to 
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develop a model with high face validity. A model that is 

face valid seems reasonable to people who are knowledgeable 

about the system under study. This is accomplished through 

conversations with experts, observations of the system, 

general knowledge of the system, and intuition on how the 

system operates. In the second step the assumptions of the 

model are tested empirically. This includes adequacy of fit 

tests used to assess distributions used in the model. This 

step also uses sensitivity analysis to determine the level 

of detail in a simulation model. The final step determines 

how representative the simulation output data is. This is 

accomplished by comparing the output of the real system to 

the simulation model, using statistical tests such as the t

test. 

Just as good experimental design can aid in the data 

collection of the modeling phase, so can validation aid in 

correctness of the simulation model. Most standard 

experimental designs require that observations be taken on 

the system variables that can be controlled. The simulation 

model must operate under identical conditions [Graybeal and 

Pooch (5)]. Only then can valid inferences be drawn about 

the relationship between the resulting output of the real 

system and the outputs of the simulation model. 

Application 

The final phase of systems analysis is application. 

After verification, the simulation can finally be employed 
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at four levels as described by Pritsker (16): 1) as 

explanatory devices to define a system or problem; 2) as 

analysis vehicles to determine critical elements, 

components, and issues; 3) as design assessors to synthesize 

and evaluate proposed solutions; and 4) as predictors to 

forecast and aid in planning future developments. 

Simulation as a tool to solve complex problems has been 

growing by leaps and bounds with the improvement and 

reduction in cost in using the digital computer. Problems 

in fields as diverse as socio-economics, politics, law

enforcement, biology and nuclear engineering have been 

successfully solved with the use of simulation [Shannon 

(19) 1. If simulation is so good, however, why is any other 

type of modeling used? The answer is that in problems where 

simulation is used, and even in cases in which it does 

apply, there may be easier and less expensive ways of 

solving the problem. Solberg and Ravindran (21) state that 

simulation is one of the easiest tools of management science 

to use, but probably one of the hardest to apply properly 

and perhaps the most difficult with which to draw accurate 

conclusions. 

Advantages and Disadvantages 

Adkins and Pooch (1) list five advantages of simulation 

modeling: 

1. It permits controlled experimentation. A simulation 

experiment can be run a number of times with varying 
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input parameters to test the behavior of the system 

under a variety of situations and conditions. 

2. It permits time compression. Operation of the system 

over extended periods of time can be simulated in only 

minutes with ultrafast computers. 

3. It permits sensitivity analysis by manipulation of input 

variables. 

4. It does not disturb the real system. This is a great 

advantage, since most managers would be reluctant to try 

experimental strategies on an on-line system. 

5. It is an effective training· tool. 

They also list four disadvantages to using the 

simulation approach to problem solving: 

1. A simulation model may become expensive in terms of 

manpower and computer time. 

2. Extensive development time may be encountered. 

3. Hidden critical assumptions may cause the model to 

diverge from reality. 

4. Model parameters may be difficult to initialize. These 

may require extensive time in collection, analysis, and 

interpretation. 

Thus, even though simulation can be a useful tool, it 

also has its drawbacks. These should be noted in 

considering the simulation approach to any particular 

problem. 
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Classifications 

Simulation models of systems can be classified as 

either discrete change or continuous change. Pri tsker and 

Pegden {16) describe discrete simulation as when the 

dependent variables change discretely at specified points in 

simulated time. These points are referred to as event 

times. In continuous simulation the dependent variables of 

the model may change continuously over simulated time. This 

is accomplished through differential or difference 

equations. Both discrete models and continuous models can 

be combined in one model. In this type of "combined 

simulation" the dependent variables of a model may change 

discretely, continuously, or continuously with discrete 

jumps superimposed. 

In discrete simulation, the goal is to reproduce the 

activities that entities in the model engage in, and thereby 

learn something about the behavior and performance of the 

system [Pritsker and Pedgen {16)]. According to Kiviat {8), 

a discrete simulation model can be formulated by what are 

known as the three alternative world views for discrete 

simulation modeling. These three views are referred to as 

the event, activity scanning, and process orientation. 

In event orientation, a system is modeled by defining 

the changes that occur at event times. Events that can 

change the state of the system are determined and then a 

logical association is made with each event type. 

In activity scanning orientation, activities in which 
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entities in the system engage are described. Prescribed 

conditions then cause an activity to start or end. The 

events which start or end the activity are not scheduled by 

the modeler, but are initiated from the conditions specified 

for the activity. 

The last world view of discrete simulation is process 

orientation. In this view, sequences of elements occur in 

defined patterns. 

In a continuous simulation model, the state of the 

system is represented by dependent variables which change 

continuously over time [Pugh (17)]. Models of continuous 

systems are frequently written in terms of the derivatives 

of what is known as the "state" variables. The state 

variables are the dependent variables that continuously 

change over time. 

Combined discrete/continuous model variables may change 

both discretely and continuously. The system can be 

described in terms of entities, their associated attributes, 

and state variables. 

Pritsker and Pegden (16) state that there are two types 

of events that can occur in combined simulations. Time

events are those events which are scheduled to occur at 

specified points in time. The other type of events that can 

occur are state-events. These events are not scheduled, but 

occur when the system reaches a particular state. 

According to Mize and Cox Cll, p. 123), "the increase 

in the number, variety and complexity of system simulation 
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studies has motivated the development of general simulation 

languages." These languages are designed to take advantage 

of the common features of simulation studies. They are 

intended to simplify the programming of the model so the 

analyst can concentrate on the model building. Emshoff and 

Sisson (4) state that a user wants a simulation language 

that: 1) facilitates model formulation; 2) is easy to 

program; 3) provides good error diagnostics; and 4) is 

applicable to a wide range of problems. 

The languages that were considered include: 

GASP - a set of subroutines in FORTRAN that provides useful 

functions in simulation [Pritsker (15)]; 

GPSS - a complete language oriented toward problems in which 

i terns pass through a series of processing and/or 

storage functions [Dunning (3)]; 

SIMSCRIPT - a complete language oriented toward event-to

event simulations in which discrete logical processes 

are common [Markowitz (9)1; 

CSMP - a complete language oriented toward the solution of 

problems stated as nonlinear, integral-differential 

equations with continuous variables [IBM Corp. (7)]; 

DYNAMO - a complete language oriented toward expressing 

micro-economic models of firms by means of difference 

equations; 

SLAM - a complete language that makes use of networks and 

user written FORTRAN subprograms in both continuous and 

discrete modeling [Pugh (17) l. 
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Emshoff and Sisson (4) classify these languages in 

Figure 1 in terms of orientation and scope or generality of 

application. The trade-off between generality (depth of 

application) and problem orientation is clear. 

Ger:eral 

Depth of 
Application 

PL/! .G;l,.SP 
: I 

co 0 0 
I 

FORTRAN 
' I 

SI.'-!SCRIPT 

0 
CS!>!P 

0 
~ss 

0 
D\'NA1•10 

S;:ecific 1..----------------
Procedure Pr~b lem 

o:r.:.e."lt:at:ion 

Source: J. R. Emshoff and R. L. Sisson, Design 
and Use of Computer Simulation Models 
(1970), p. 34 

Figure 1. Classification of Languages Used For 
Simulation (Relative Only) 

FORTRAN and PL/I are also included as examples of 

multipurpose languages in which any sort of state-change 

process can be described. GASP and SIMSCRIPT differ from 

FORTRAN and PL/I in that GASP and SIMSCRIPT are not complete 

languages. Both languages (GASP and SIMSCRIPT) are very 

general, and both can do anything that can be done in 

FORTRAN or PL/I. 
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GPSS is oriented more towards a particular kind of 

problem (queueing problems). Although it is problem 

oriented, GPSS has many features that permit it to be 

applied in a wide range of situations. Furthermore, the 

language can be augmented by subroutines written in Assembly 

language. 

DYNAMO and CSMP are examples of languages oriented 

toward problems formulated in terms of nonlinear 

differential or difference equations. DYNAMO was developed 

for defining models of business and CSMP for engineering 

design applications. Neither language is very general, but 

both are quite useful in specifying simulation procedures 

for particular types of problems. 

SLAM is probably the most versatile of all the language 

described. It can be as problem oriented as DYNAMO and as 

general as GASP or SIMSCRIPT. SLAM can simulate discrete, 

continuous, or combined discrete/continuous models. It can 

also interact with subroutines written in FORTRAN by the 

user to further extend the scope of the language. 

Data Analysis 

According to Mize and Cox (11, p. 84), "a sample is a 

subset of population, in simulation, a sample is usually 

utilized to represent the population as part of the input 

information into a more extensive model." Random samples of 

data must be taken to determine the behavior of the system. 

This data is usually then tested against a particular 
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distribution for goodness-of-fit. Among different goodness 

of fit tests available, the Kolmogorov-Smirnov (K-S) test 

and the Chi-Square test are the most popular. 

The K-S test [Massey (10)] consists of comparing the 

sample cumulative distribution functions with the 

theoretical cumulative distribution function at each sample 

observation. The test statistic is the maximum deviation 

between the two functions at any point in the sample. The 

statistic is then compared with a critical value, referenced 

by the size of the sample, and a chosen level of 

significance. At a given level of significance, the testing 

hypothesis may be rejected if the sample statistic is 

greater than the critical value. 

In the Chi-Square test [Cochran (2) l, the test 

statistic is the square of the summation of the observed 

data points in a particular cell minus the expected number 

of observations in that particular cell quantity squared, 

divided by the expected value for that particular cell. The 

test statistic is then compared with a critical value, 

referenced by the degrees of freedom and a chosen level of 

significance. As in the K-S test, the testing hypothesis 

may be rejected if the sample statistic is greater than the 

critical value. 

Of the two tests, the K-S test is more powerful, and 

thus more likely to detect small differences in the actual 

and hypothesized distributions [Massey (10) l. The 

differences between the K-S test and the Chi-square test are 
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beyond the scope of this paper; for further discussion, 

refer to Massey (10). 

The literature review has dealt primarily with the 

theoretical aspects of what simulation is, the different 

types of simulation including the world views, the different 

types of simulation languages, and fitting data to 

distributions for the simulation. Later, these aspects of 

simulation will be integrated and applied to a real world 

model in an industrial environment. 

Alternatives to Simulation 

Simulation is a very useful tool in system analysis, 

however, simulation can be very expensive and time 

consuming. Also, some companies may not have a computer 

accessible that is large enough to handle simulation 

computer models. There are a number of analytical methods 

today that provide an alternative to simulation. Two such 

methods, GERT and CAN-Q, will be discussed. 

GERT (Graphical Evaluation and Review Technique) is a 

procedure that combines the disciplines of flowgraph theory, 

moment-generating functions, and PERT to obtain a solution 

to stochastic problems [Phillips and Garcia-Diaz (14)]. 

Figure 2 represents a typical GERT network. The nodes 

of the network can be interpreted as states of the system. 

The arcs represent transitions from one state to another. 
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Such transitions can be viewed as activities characterized 

by a unique probability density function and a probability 

of realization. 

Reworked 

Sold to retail outlet 

Sent to Jssembly 

Source: D Phillips and A. Garcia-Diaz, 
Fundamentals of Network Analysis 
(1981), p. 14 

Figure 2. Typical GERT Network 

Each node performs two functions, an input function 

which indicates the condition under which the node can be 

realized, and an output function which indicates the 

branching condition following the node realization. 

Two types of nodes are associated with GERT (Figure 3). 

Type a is a deterministic output and type b is a probabil

istic output node. The deterministic node is realized when 

any arc leading into it is realized under the condition that 

only one arc can be realized at a time. All arcs emanating 

from the node are then undertaken. The input to the 

probabilistic node is the same as the deterministic node, 
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however, only one arc emanating from this node is realized. 

I 

~ I 

iK~ ! ~ 
: ) 
I / 
I 

l:lJ I bl 

Figure 3. GERT Node Types 

Time from node to node is described through moment-

generating functions (Table I}. These functions can be 

manipulated in such a way as to determine moments of the 

distribution of time spent in moving from one node to 

another. First, a W function must be calculated. The W 

function of a given arc is defined as the product of the 

probability of undertaking the arc and the moment-generating 

function of the duration of the activity represented by the 

arc (for w calculations of loops, loops of order n and a 

closed flow graph refer to Phillips and Garcia-Diaz (14)1. 

An overall value of the moment generating functions can be 

calculated through 

By then determining the jth partial derivative of Me(s) with 

respect to s, and setting s to zero, a mean can be obtained 

through 
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Jlje 

In particular, the first moment about the origin, Jlle' 

produces the mean network realization time while the 

variance of the network realization time is obtained by 

computing p 2e and subtracting it from the square of Ple; 

that is 

TABLE I 

MOMENT GENERATING FUNCTIONS 

Type of 
Distribution JfE(S) .'.lean Second ,'v/amenr 

Binomial (B) (pe• _._ 1 - p)• np np(np-;- 1- p) 
Discrete (D) p~e•r, - p~e•r•- ... P: T: - p~Tz-'- · · · PtTT --p:T;- ---

PI -,-p._..,.. ••• PI -pz..,... ... PI - P2 -:- --. 
(r-.l..f 1 l ~ Exponential (E) 

aZ cJ J cJ 

Gamma (GA) (1 - ~ )-b b bib-: l 
a --;z;-

Geometric (GEl ee• l :!-o 
1 e• ..,.. pe• p 7 

~egative ! lJ \_,. rf! - p) r(l - p)(l -'- r - r.o) 
binomial (NB) \1-e•-,-pes) p p~ 

Normal (NO) e•m•(l,.l).t=cr' ·n mZ - a-Z 
Poisson <.P) eAl~'-I; ... ;,(1 - ;.) 
Uniform (U) esQ- t!Jb ~-b a: - ab- tJZ 

(a- b)s -~- 3 

Source: D. Phillips and A. Garcia-Diaz, 
Fundamentals of Network Analysis 
(19 81 ) ' p. 14 • 

GERT, as an alternative method to simulation, can be 

used if no computer is available. GERT, however, is only 
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useful for small networks. GERT also requires an intricate 

understanding of the system. Distributions must be 

determined for service times, and the system must be 

networked. Thus, a GERT analysis may well require as much 

involvement as would simulation analysis. Finally, analysis 

of GERT must be done through manipulating moment-generating 

functions. These manipulations can be prone to many errors. 

While GERT is an alternative method to simulation, GERT can 

be as costly and time consuming as simulation. 

CAN-0 

Another type of analytical method that can be utilized 

instead of simulation is CAN-Q. This tool was developed in 

the form of a computer program by James J. Solberg of Purdue 

University (20). CAN-O is a mathematical model for 

analyzing work flow in a production system through queueing 

theory and Markov Chains. The computer program accomplishes, 
\ 

all of the difficult computations involved in translating \ 
j 

the natural description of a system, its resources, and the J 

processes involved in ~onverting raw materials to finished/ 

product. 

To initiate CAN-0, the user must simply input the 
---·~·----····~-~ ,.-----..... , 

~of ~t~Q~s, the mE!an service time of' __ th_os.e .... stati.ons, 

the number of services for each sta~ion, the number of 
-;;-e-w~ 

/transports, the mean time of transportation, the nt:Imber of . -----~·---·---.__------· 

products and their _r:_o_.'lting, and the number of enti ti~s 

desired in the system. CAN-O takes this information and 
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produces detailed information for each station and product 

type including where the bottl_~_!l§_C..~~----Ci_:r::e located. 

Sensitivity analysis is also provided by the system. 

To run CAN-Q, the user does not need a deep 

understanding of the system that is being studied, this 

eliminates the need for model building. The CAN-Q program 

also is not very long and therefore can run on a micro-

computer. The elimination of model building, the reduced yctu, 
data gathering, and less computer time considerably lowers J 

the cost of the system analysis as compared to using) 

simulation. However, CAN-Q is unable to provide a complete> \j ,-~0 ~ll, 

picture of system behavior qyer _t;:ime as simulation would.) 

CAN-Q also provides no information about short-term behavior) 

or extremes of system behavior that simulation could) 

provide. 



CHAPTER III 

STATEMENT OF THE PROBLEM 

Southwest Tube Manufacturing is a manufacturer of cold 

drawn tubing used in pressure and mechanical applications. 

Figure 4 represents the general plant layout and material 

flow through the plant. Bundles of tubes are transferred 

from the yard containing inventories of raw tube hollows to 

a holding area previous to the treating tanks. Tubes are 

either (1) cleaned and phosphated, (2) tricked, or (3) 

cleaned and lubed in the treating tanks. Two overhead 

cranes are used to service these tanks. Each crane services 

one side of the tanks. The tubes that are cleaned and 

phosphated and tricked exit the system at this point and are 

put back into storage. 

The cleaned and lubed tubes are then moved to the 

pointer by overhead crane to allow pointing of the tubes. 

Pointing allows the grippers on the cold-draw benches to 

grab the tube through the die. 

The tubes are then taken to the three draw benches by 

crane. The draw benches draw the tube through a die and 

over a mandrel to a specified outside and inside diameter. 

Next the tubes are taken by overhead crane to the annealing 

furnace where at a specified speed and temperature, they are 

softened to a desired hardness. 

22 
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The tubes are then transferred by overhead crane to the 

straightener. The tubing is "straightened" by the 

straightener and is transferred by conveyer to the Eddie 

Current Tester, which uses a magnetic field to check for 

flaws in the tubing. 

Final cutting is the next operation performed on the 

tubes. An overhead crane transfers the tubes from the Eddie 

Current Tester to the auto-saw. Here the tubes are cut to 

final length and bundled, then transferred by conveyers to 

the shipping area. 

Within this material flow, a major bottleneck occurs at 

the tank area. Even though two separate cranes service the 

tanks, bundles of tubes cannot be processed through the 

tanks fast enough to keep up with the production rate of the 

rest of the plant. This problem causes the manufacturing 

floor to go "dry" before the end of a working shift. 

The tank area (Figure 5) contains eight treating tanks. 

These tanks include: caustic, a cold water rinse, sulfuric 

acid, hot water, phosphate, another cold water rinse, a 

neutralizer, and a soap-type lube. 

For a normal clean and lube operation, movement through 

the tank area starts at the caustic tank, which contains a 

detergent to start the cleaning process of the tubes. A 

"trip" of tubes (a trip can contain one to four bundles) is 

dipped into the caustic tank, raised and then drained. The 

tubes are then lowered into the caustic tank (cranes stay 

connected to the trips while soaking), where they sit for 
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five minutes before being rinsed and drained. The "trip" is 

transferred to the cold water rinse, where the tubes are 

dipped, raised, and drained. A transfer is then made to the 

sulfuric acid tank. The tubes are set in this tank until 

all scale is removed. They are then raised, drained, and 

transferred to the cold water rinse for redipping. The 

"trip" is taken to the hot water rinse where they are dipped 

and drained. The next tank is the phosphate tank; the 

phosphate acts as a secondary lubricant, 

surface that the primary lube can bond to. 

and leaves a 

The tubes are 

dipped, drained, and set into the phosphate for five 

minutes. The "trip" is then drained and moved to the second 

cold water rinse, where the tubes are dipped and drained. 

The next tank is the neutralizer. This is used to remove 

any positive charge from the phosphate that would prevent 

the primary lubricant from bonding to the surface of the 

tube. The tubes are dipped and drained in the neutralizer, 

then taken to the final tank where they are lubed. The 

lubricant is of the "soap" type which clings to the 

phosphate secondary lubricant. The tubes are dipped into 

the lube, drained, and then set into the tank for five 

minutes. The tubes are then drained and taken to the 

dryers located next to the tanks. The dryers dry the tubing 

in preparation for drawing. 

The other two types of operations, cleaning and 

phosphate, and tricking, are less frequent than the 

cleaning and lubing operation. In the cleaning and 
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phosphate operation, the neutralizer and lube tank are 

skipped. In the "trick" operation, the phosphate, second 

cold water rinse, neutralizer, and lube tanks are skipped. 

In solving this problem, management first tried what is 

known as the "pinning off" technique. This entails pinning 

off a "trip" in a tank. The operator then leaves that 

"trip" to go get another "trip". The operator would then 

"pin-off" that trip and get "trip" or move the previously 

"pinned-off" set of tubes. This type of approach was used 

to increase utilization time of the crane. This approach 

was abandoned because the time it took to pin-off was 

greater than the greatest time allowed in any one tank and 

actually decreased the efficiency of the tanks and produced 

a poorer quality lube because of violating time constraints 

in certain tanks. 

Management is currently considering adding two more 

cranes to the system. They want to know how many more 

"trips" can be produced by adding these cranes. Management 

also wants to know the net present value of the project for 

one, three, and five year periods. 

The problem could be approached as a transportation 

problem using the cranes as transports and the tanks as 

destinations. However, the system is subject to random 

variations, and there is already a set pattern moving 

through the tanks. This causes the transportation method to 

be useless. 

Because of the complexity of the problem, simulation 



28 

appears to be the best tool. 

The first step in simulating the system was data 

collection. This step was accomplished by observing and 

collecting pertinent data from the system. This data 

includes different types of trips, the breakdowns that 

occur, time spent in the tanks, and arrival times for bales 

of tubing. This data was collected from tank reports and 

actual observation of the system. 

After the data was collected, the system was modeled in 

SLAM. In this stage, boundary lines were determined for the 

system, inputs and outputs were limited to what was 

pertinent to the system, and a SLAM network developed for 

the model. The data collected from the system was then 

organized into distributions. This was accomplished with a 

FORTRAN program developed and modified from Phillips (13), 

utilizing the K-S test. 

The model was then validated by comparing the outputs 

to the real system. This was done with the Turing test 

[Shannon (19)], which involved showing the output from the 

real system and the output from the simulation to someone 

who is intimately familiar with the system, and asking him 

to differentiate between the two sets of outputs. If he 

succeeds, a question is raised on how the difference was 

noted. This provides insight on what might be wrong with 

the model. Finally, a t-test was performed on the model 

output, comparing the model outputs with the system outputs. 

The next step involved adding two more cranes to the 
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model. An economic analysis was then performed on the 

output to see if adding the cranes was profitable. This was 

done by estimating the total profit per "trip." A tonnage 

was estimated per trip, and a total profit per ton was 

calculated. A present value was then calculated for periods 

of one year, three years, and five years. 

After the simulation analysis, CAN-Q was applied to the 

tank problem. A comparison was made of the CAN-Q output to 

the real system and the simulation output to determine the 

accuracy of CAN-Q. This was accomplished by determining a 

confidence interval of the output rate of the system from 

the simulation output. This interval was compared with the 

output rate calculated by CAN-Q. From this information it 

was determined which type of method was more desirable in 

this type of production situation, CAN-Q, which is less 

expensive and faster to develop than simulation, or 

simulation which reflects the system variability and is more 

accurate than CAN-Q. 



CHAPTER IV 

DATA COLLECTION AND ANALYSIS 

The first phase in the simulation of the tank system 

entailed observation of the tanks to determine the 

boundaries of the system and the data that needed to be 

collected for the system. The next step consisted of 

collection, analysis and hypothesis testing of this data so 

that a manageable statistical description of the system 

could be made. 

Observation and Data Collecting 

Through observation of the system, it was found that 

data needed to be collected on movement time of the cranes, 

dipping time in the various tanks, time per trip in the acid 

tank, time per trip in the dryer, and hooking and unhooking 

times per trip. Also needed was the type of operation 

traveling through the tanks, the number of breakdowns, and 

the time the cranes are down. 

Collection of the movement time between tanks was 

accomplished with a stopwatch. Timing was initiated when 

horizontal movement started. Timing was stopped when hori

zontal movement ceased. Table II represents the movement 

times between all tanks. These times are averages of 20 

observatons taken of the tanks. 

30 



TABLE II 

MOVEMENT TIME BETWEEN TANKS 

Staging Area to Caustic 
Caustic to Cold Water Rinse 
Cold Water Rinse to Acid 
Acid to Cold Water Rinse 
Cold Water Rinse to Hot Water Rinse 
Hot Water Rinse to Phosphate 
Phosphate to Cold Water Rinse 
Cold Water Rinse to Neutralizer 
Neutralizer to Soap 
Soap to Dryer 
Dryer to Staging Area 

.12 

.0498 

.075 

.075 

.30 

.112 

.114 

.036 

.100 

.100 

.948 
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minutes 
minutes 
minutes 
minutes 
minutes 
minutes 
minutes 
minutes 
minutes 
minutes 
minutes 

Dipping times were collected by both the operator and 

myself. Figure 6 contains the form used in the data 

collection. Dipping times were taken at random for 

different size tubing and recorded on the data sheet. Total 

times in the acid tank and on the dryer were also taken 

through this method and recorded on the data sheet. 

Hooking and unhooking times were collected by 

observation of the operator. From these times a standard 

was calculated for the operator. A standard was also 

developed for a "pinning off" operation. This standard was 

done for a two crane two operator system which will be 

described later in this chapter. All standard times are 

located in Table III. Finally, the type of operation, the 

number of breakdowns and the length of down time was 

collected through the Tank Summary Sheet (Figure 7). 
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TABLE III 

STANDARD TIMES FOR HOOKING AND UNHOOKING 

Staging Area 
Pinning Off 
Drying Area 

6.71 minutes 
2.00 minutes 
2.30 minutes 

Data Analysis and Hypothesis Testing 
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Analysis and hypothesis testing was done on the dipping 

times in the tanks, acid soaking time, and drying time of 

the tubes. All hypothesis testing was accomplished using 

the K-S test. A program initially developed by Phillips 

(13} was used for all hypothesis testing. The program was 

modified for user interaction, data insertion, and histogram 

manipulation for use on the Hewlett-Packard/3000. Appendix 

A contains the data collected, their respective histograms, 

and detailed results of the K-S test. 

Table IV contains the final accepted distributions and 

parameters by the K-S tests. 

The mean times differ for dipping in the various tanks 

because of the different properties of the liquids in each 

tank, such as viscosity and density. Dipping follows 

distributions because of the effects of the inside diameter 

and the length of the tubing. A larger inside diameter and 

a longer tube requires more time to be spent in filling and 

draining the tubes. The different degrees of scale on the 
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tubes cause a distribution in the acid tank. When soaking 

in the acid, more time is needed to remove heavy scale. 

Drying times differ due to the number of pieces in a trip, 

the length of the tubes, and the inside diameter of the 

tubes. A longer period of time is needed for drying larger 

surface areas. Tonnage per trip was taken from the Tank 

Summary Report (Figure 7) and the Work Order (Figure 8). 

TABLE IV 

DISTRIBUTIONS FOR THE TANK SYSTEM 

Type Distribution Parameters 

Caustic Dipping Normal .014 mean, .0035 variance 
Cold Water Dipping Normal .0119 mean, .0035 variance 
Acid Dipping Normal .0139 mean, .0034 variance 
Acid Soak Normal .1989 mean, .0034 variance 
Hot Water Dipping Normal .012 mean, .0034 variance 
Phosphate Dipping Normal .0145 mean, .0048 variance 
Neutralizer Dipping Normal .0159 mean, • 003 84 variance 
Soap Dipping Normal .0139 mean, .00346 variance 
Drying Exponential .1673 mean 
Tons/Trip Gamma .42017 alpha, 3.183 beta 
Breakdown Length Exponen-

tial 1.023 mean 

Tonnage was calculated by multiplying the weight per 

foot of the tubes in the trip by the length of the tubes 

located in the Work Order, and multiplying this number by 

the number of pieces per trip taken from the Tank Summary 

Report. 
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Finally, calculation. of the probability of a breakdown, 

the probability of a lube operation, phosphate operation, 

and a trick operation was made through the Tank summary 

Report. Tank Summary Reports for the previous three months 

were used to calculate these probabilities. Breakdowns, 

lube operations, phosphate operations, and trick operations 

were tallied and divided by the total number of trips. The 

probability of a breakdown is 0.17; the probabilities for a 

lube, phosphate and trick operation are 0.89, 0.043, and 

0.067, respectively. 



CHAPTER V 

MODELING OF THE TANK SYSTEM 

Three different versions of the tank system were 

developed for Southwest Tube. These versions include the 

present system, a two crane one operator system, and a two 

crane two operator system. Each of these models has the 

same two major assumptions. The first assumption is that 

there is an endless supply of tubing for trips. It was 

determined from the production planning department that the 

tanks never wait for material. Another major assumption 

made was that there is always room for more trips in the 

dryer. 

This chapter describes in detail each system and how 

each system is modeled. 

Present System Model 

The present system, as previously described in Chapter 

III, is modeled completely in network SLAM (Appendix B). 

Presently, two cranes work the system. Each crane has 

responsibility for one side of the tank system. Since these 

cranes operate independently, only one crane will be 

considered in the network. 

The model consists of two major networks. The first 

network consists of the actual operation of the crane 

38. 
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through the tanks. A create node creates one entity to run 

through the model. The entity is then determined to be a 

clean and phosphate trip, a tricked trip, or a clean and 

lube trip through probabilistic branching. All major 

attributes are then assigned to the entity. These 

attributes contain all service times through the tanks and 

the time an entity starts the tank operation. The entity 

then goes through the various services of the tanks, 

branching off to particular nodes depending on what type of 

operation is assigned to the entity. Resource gates 

throughout the system stop the flow if any breakdown should 

occur (breakdowns are modeled in the second network). The 

entity is then split at the end of the network after the 

entity is placed in the dryer for service. One entity 

continues service throughout the dryer and is terminated. 

The other entity is taken back to the beginning of the 

network after a crane move time to start through the system 

again. COLCT nodes are used at the end of the network to 

allow collection of the time in the system for each entity. 

The second network consists of all breakdowns for the 

crane system. This network starts with a create node to 

loop one entity through the system. 

Through probabilistic branching, it is determined if a 

breakdown will occur for a particular shift. A breakdown 

time and a service time are then determined for that 

particular breakdown. When a breakdown does occur, the 

resource CRI is closed until the repairs are made. The 
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resource gate is then opened so the cranes can continue 

through the system. The entity in the breakdown network 

then loops to the beginning for the next 12 hour shift. 

Two Crane One Operator Model 

This system is similar to the original system except 

for the addition of another crane (Appendix C). In this 

system one operator operates the two cranes through the 

tanks. One crane is moved while the other is in a soaking 

operation. This model includes four networks - one network 

for each crane, and one network for breakdowns of each 

crane. 

Major problems arise in the modeling of the two crane 

system due to interference of the two cranes. This problem 

is solved by determining which crane will be ahead of the 

other and keeping it that way through a series of resources 

and gates controlled in the networks representing each 

crane. 

The first network represents the crane that is always 

in front. The network is the same as the original model 

except for the resources and gates used to control 

interference. Gates are used to prevent movement of the 

other crane when a crane is being manipulated. Another set 

of gates and resources is used to prevent the overtaking of 

the first crane and to prevent the use of the same soaking 

tank. These gates and resources are used in front of the 

first cold water tank (because of the back-tracking out of 
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the acid tank), in front of the phosphate tank, and in front 

of the soap tank. Gates and resources are also placed in 

the branching of the network for the trick trip and the 

clean and phosphate trip to prevent the second network from 

overtaking the first network. The ending of the two crane 

networks is similar to the original network except for the 

waiting of the first crane network for the second crane 

network to finish. This allows the operator to move the 

cranes together back to the beginning of the tanks. 

The two networks that run the crane breakdowns are the 

same as the present system's crane breakdown network. Gates 

control resources in the corresponding networks to allow 

breakdowns of the two crane systems. 

Two Crane Two Operator Model 

This model utilizes three networks- one for the two 

cranes, and two for the breakdown of the cranes (Appendix 

D). Figure 9 represents the assignment of the two cranes to 

their prospective areas of the tank. It is desirable to 

have an even balance of time in the tanks for each assigned 

crane area. Given the present means and time in the soaking 

tanks, the hot water tank seems to be the best prospective 

dividing point for the crane assignment areas. The hot 

water tank will be the npin-off pointn for the cranes. The 

crane assigned to the first set of tanks in the sequence 

will npin-offn a trip in the hot water tank after completion 

of the tank procedures in its area~ This crane will then 
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hook up with the bale in the hot water tank and complete the 

tank procedures in its assigned area. This crane will then 

return to the hot water tank to pick up another trip. 

The SLAM model is similar to the Present System Model. 

The model is the same as the Present System Model until the 

hot water tank. At this point a resource is added to avoid 

interference between the two cranes. This resource requires 

the first crane to wait for the hot water tank to be empty. 

When the tank is empty a "pin-off" operation can then be 

performed. The entity is then split to allow the crane to 

return to the start of the network to pick up a new trip. 

The other entity continues on through the second crane area. 

This area begins with a resource to allow the trip to wait 

for the second crane to finish procedures with the previous 

entity. The entity then is serviced by the remaining tanks. 

After service, the entity is split. One entity goes through 

the dryer where statistics are collected and where the 

entity is terminated. The other entity releases the 

resource corresponding to waiting in the hot water tank 

after move time for the second crane. The entity is then 

terminated. 

The two crane breakdown networks are exactly the same 

as the breakdown networks in the Two Crane One Operator 

Model. 



CHAPTER VI 

TANK SIMULATION ANALYSIS 

This chapter contains a discussion of each type of model 

and its outputs. From these outputs confidence intervals 

are calculated. These intervals will be discussed and 

analyzed. 

Present System Model 

The Present System Model was run for a total of 3600 

hours (30 12 hour shifts). The model was started in steady

state. Outputs for the 10 runs is located in Appendix E. 

Present System Output 

Table V represents the output for all 10 runs of the 

Present System Model. Trip output per run ranged between 

433 and 446 trips, with an average of 439.6 trips. This 

caused the average output of trips per shift to range 

between 14.43 trips to 14.87 trips, with an average of 14.65 

trips. The tank time (time through the tank system without 

the dryer) ranged between 0.81 and 0.83 hours, with an 

average of 0.82 hours. Total time in the system (time in 

the tank system including dryers} ranged between 0.94 and 

0.98 hours, with an average of 0.97 hours. The number of 

breakdowns in the system contained a low value of 0 and a 
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TABLE V 

OUTPUT FOR PRESENT SYSTEM MODEL 

Run 1 2 3 4 5 6 7 

Trip Output 442 437 433 443 433 441 441 

Output/Shift 14.73 14.57 14.43 14.76 14.43 14.7 14.7 

Tank Time .81 .82 .83 .81 .83 .82 .82 

Total Time .96 .98 .96 .94 .98 .97 .98 

Number of 5 4 5 7 7 4 4 
Breakdowns 

Ton Output 589 599.7 557.6 621.7 593 616.5 577.5 

8 9 

436 446 

14.53 14.87 

.82 .81 

.97 .95 

8 0 

593.8 571.3 

10 

444 

14.8 

.81 

.96 

6 

567 

Avg. 

439.6 

14.65 

.82 

.97 

5 

588.7 

~ 
lJ1 
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high value of eight breakdowns, with an average of five. 

Ton outputs ranged from 557.6 to 621.7 tons, with an average 

of 5 88.7 tons. 

Present System Confidence Intervals 

A confidence interval was calculated for all the 

parameters in Table V to provide a more accurate view on 

exactly where the range of values lie for each type of 

parameter. Using a 95 percent confidence interval and the 

equation 

js2 (n) 

X (n) ± tR-l,.02o/. n 

computations were made for the set of 10 runs. This 

equation assumes normality. X Cn) is the mean of the 

distribution, s2 is the variance, t is the factor R-1 

corresponding to a 95% confidence interval. 

Figure 10 shows the confidence interval for the trip 

output. It can be stated with 95% confidence that the 

interval of 429.78 and 449.4 contains the true mean for 30 

shifts. 

Figure 11 represents the confidence interval for tank 

time. With tank time, there is 95% confidence that the 

interval of 0.80 and 0.837 includes the true mean of time 

spent in the tanks. 

The confidence interval for total time in the system 

including the dryer is represented in Figure 12. There is a 
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95% confidence that the interval bracketed by 0.94 and 1.00 

contains the true mean of total time in the system. 

429.78 trips 439.6trips 
LOW MEAN 

449.4 trips 
HIGH 

Figure 10. Confidence Interval for 
Trip Output in the 
Present System Model 

• 80 hours 
LOW 

• 82 hours 
MEAN 

, 837 hours 
HIGH 

Figure 11. Confidence Interval 
for Tank Time in 
the Present System 
Model 



.94 hours 
LOW 

• 97 hours 
MEAN 

LOO· hours 
HIGH 

Figure 12. Confidence Interval 
for Total Time 
Spent in the Present 
System Model 
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The number of breakdowns confidence interval is 

represented in Figure 13. It can be stated that there is a 

95% confidence that the interval of 0.15 and 9.85 encases 

the mean number of breakdowns for a 30 shift period. 

o 15 breakdowns 5 breakdowns 9 o 85 · breakdowns 
LOW MEAN HIGH 

Figure 13. Confidence Interval for 
Breakdowns of the 
Present System Model 
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Figure 14 represents the confidence interval for ton 

output. It can be stated that there is a 95% confidence 

that the interval of 544.1 and 633.33 bounds the true mean 

of tons for a 30 shift period. 

544.1 tons 
LOW 

588.7 tons 
MEAN 

633-3 tons 
HIGH 

Figure 14. Confidence Interval 
for Ton Output of 
the Present System 
Model 

Present System Final Analysis 

To validate the simulation, a t-test was performed 

between the trip output and data collected for 10 different 

sets of 30 shifts each. Table VI represents the final 

results of this t-test. 

Since t 0 is less than the critical t-test value of 

t 18 ,. 025 , the hypothesis that the mean of the actual output 

equals the simulation output cannot be rejected. This is a 

good indication that the model is valid. 



TABLE VI 

T-TEST OF TRIP OUTPUT VS. ACTUAL OUTPUT 

Simulation Output 

442 
437 
433 
443 
433 
441 
441 
436 
446 
444 

Jll = 439.6 

s~ = 18.84 

Ho: Jll = Jl2 

H1: Pl #: )12 

Actual Output 

420 
452 
448 
440 
443 
439 
440 
444 
442 
440 

)12 = 440.8 

s~ = 63.16 

(10-1) 18.84 + (10-1) (63.16) 
sp2 = = 92.31 

8 

440.8 - 439.6 
t 0 = ---r====== = .029 

92 .31" 1/10 + 1/10 

t.025,18 = 2.101 

t.o25,18 > to 

Cannot Reject H0 

50 



51 

Validation was also made through the Director of Cold

Draw Operations. Utilizing the Turing Test, a set of output 

from the actual system of the number of trips per,shift and 

output of trips per shift was given to the Director of Cold

Draw Operations. No distinction could be made, thus 

validating the model further. The director was also given a 

list of mean times in the tanks and times taken with a 

stopwatch by the tank operator of time through the system. 

The director could not tell the difference between these 

times, either. 

The data showing the number of breakdowns also seem to 

be valid. If there is a 17% chance of a breakdown during 

any shift, for a 30 shift period there should be 

approximately 5.1 breakdowns. The ton output also seems 

correct with a value of 588.7 tons. The average number of 

tons per shift is 1.337; multiplying this by the total 

number of trips, a number of 587.7 tons is obtained. This 

is well within the 95% confidence interval calculated for 

tons. 

From the output, it seems that this is an extremely 

valid and accurate simulation model of the tank system. The 

next two sections deal with the addition of two cranes to 

the model and their effect on the output. 

Two Crane One Operator Model 

The Two Crane One Operator Model was run for a total of 

360 hours, or 30 shifts as was the Present System Model. 
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Output for the 10 runs is located in Appendix F. 

Two Crane One Operator Model Output 

Table VII represents a summary of the output for all 10 

runs. Trip output ranged between 769 and 797 total trips, 

with an average of 779.3 trips per 30 shift period. This 

caused the output per shift to range between 25.6 and 26.57 

trips per shift, with a mean of 26 trips. The tank time for 

crane one had a low of 0.88 hours and a high of 0.91 hours, 

with a mean of 0.897 hours. The total time in the system 

including the dryer ranged between 1.04 and 1.1 hours, with 

an average of 1.06 hours. Tank time using crane two had a 

low of 0.90 hours and a high of 0.93 hours, with a mean of 

0.92 hours. Total time in the system through crane two 

ranged between 1.05 and 1.1 hours, with a mean of 1.09 

hours. The number of breakdowns for crane one had a low of 

0 breakdowns, a high of 10 breakdowns, and an average of 5.2 

breakdowns. The number of breakdowns for crane two ranged 

between 3 and 9, with a mean of 6.1. Ranges for the total 

ton output of the system fell between 1020 and 1111 tons, 

with a mean of 1053.3 tons. 

Two Crane One Operator Confidence Intervals 

A confidence interval of 95% is calculated for all 

parameters as in the Present System Model to provide a more 

accurate view of the range of values for the Two Crane One 

Operator Model. 



TABLE VII 

OUTPUT FOR TWO CRANE ONE OPERATOR MODEL 

Run 1 2 3 4 5 6 7 8 

Trip Output 781 788 773 777 773 773 769 796 

Output/Shift 26 26.3 25.8 25.9 25.8 25.8 25.6 26.6 

Tank Time .90 .90 .90 .89 .91 .903 .91 .88 
System 1 

Total Time 1.1 1.04 1.06 1.07 1.06 1.06 1.07 1.05 
System 1 

Tank Time .92 .91 .92 .92 .93 .93 .93 .90 
System 2 

Total Time 1.1 1.05 1.1 1.1 1.1 1.08 1.1 1.07 
System 2 

Nt.nnber of 3 10 4 4 7 5 9 0 
BreakdCMns 
System 1 

Nt.nnber of 6 7 5 7 7 9 3 5 
BreakdCMns 
System 2 

Ton Output 1046 1059 1068 1040 1020 1020 1083 1111 

9 10 

776 786 

25.9 26.2 

.89 .89 

1.05 1.06 

.92 .91 

1.09 1.09 

5 5 

7 5 

1053 1033 

Avg. 

779.3 

26.00 

.897 

1.06 

.92 

1.09 

5.2 

6.1 

1053.3 

U1 
w 
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Figure 15 represents the confidence interval of trip 

output in the system for this model. There is a 95% 

confidence level that the interval of 760.7 and 798 embraces 

the true mean for the total number of trips for a series of 

30 shifts. 

760.7 trips 779.3 trips 
LOW MEAN 

798 trips 
HIGH 

Figure 15. Confidence Interval 
for Trip Output of 
Two Crane One 
Operator Model 

A 95% confidence interval for tank time using crane one 

is represented in Figure 16. It can be stated that there is 

a 95% confidence that the interval of 0.877 and 0.917 

contains the true mean of tank time for crane one. 

Figure 17 represents the 95% confidence interval for 

total time using crane one. There is a 95% confidence that 

the interval 1.025 and 1.094 includes the true mean for 

total time in the system. 

Figure 18 represents the confidence interval for tank 

time using crane two. There is a 95% confidence that the 
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interval of 0.897 and 0.942 contains the true mean of tank 

time using crane two. 

• 877 hours 
LOW 

.897- hours .917 hours 
MEAN HIGH 

Figure 16. Confidence Interval for 
Tank Time of Crane 
One of Two Crane 
One Operator Model 

1. 025 hours 
LOW 

1.06 hours 
MEAN 

1.094 hours 
HIGH--

Figure 17. Confidence Interval for 
Total Tank Time of 
Crane One of Two 
Crane One Operator 
Model 



• 89 7 hours 

LOV\T 
.92 hours 

MEAN 
~942 hours 
HIGH 

Figure 18. Confidence Interval for 
Tank Time of Crane 
Two of Two Crane One 
Operator Model 
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Total time in the system utilizing crane two is 

represented by the confidence interval in Figure 19. There 

is a 95% confidence that the interval of 1.053 and 1.126 

brackets the true mean of total time in the syste~ 

1. 053 hours 
LOW 

L 09 h~urs 
MEAN 

L 126. hours 
HIGH 

Figure 19. Confidence Interval for 
Total Tank Time of 
Crane Two of Two Crane 
One Operator Model 



57 

Figure 20 represents the confidence interval for the 

number of breakdowns for crane one. It can be stated that 

there is a 95% confidence that the interval of 0 and 11.4 

the true mean for the number of breakdowns for a 30 shift 

period. 

-I 
0 breakdowns 5. 2 breakdownsll. 4 breakdowns 

LOW MEAN HIGH 

Figure 20. Confidence Interval of 
Breakdowns for Crane 
One for Two Crane One 
Operator Model 

The confidence interval for the number of breakdowns of 

crane two is represented in Figure 21. There is a 95% 

confidence that the interval of 2.53 and 9.67 includes the 

true mean of breakdowns for crane two for a 30 shift period. 

Figure 22 represents the 95% confidence interval for 

the ton output of this model. It can be stated that for a 

30 shift period the interval of 992.1 and 1114.5 contains 

the true mean for number of tons produced by the system. 



2.53breakdowns6.1 
Lmv MEAN 

. 9. 6 7 breakdowns 
HIGH 

Figure 21. Confidence Interval of 
Breakdowns for Crane 
Two for Two Crane One 
Operator Model 

992.1 tons 
LOW 

10 5.3. 3 tons 1114. 5 tons 
MEAN HIGH 

Figure 22. Confidence Interval 
of Ton Output for 
Two Crane One 
Operator Model 

Gate Analysis of the Two Crane One 

Operator Model 
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Gate statistics are located in Table VIII for the 10 



TABLE VIII 

GATE STATISTICS FOR TWO CRANE ONE OPERATOR MODEL 

Run 1 2 3 4 5 6 7 8 

MCN .426 .467 .3799 .3754 .4292 .4159 .4217 .4203 

SC2 .633 .638 .6242 .6280 .6393 .6401 .6324 .6364 

SCl .526 .521 .5366 .5274 .5285 .5342 .5312 .5233 

C2 .897 .898 .8951 .8957 .9009 .8875 .8824 .8952 

P2 .914 .913 .9167 .9185 .9178 .9164 .9135 .9173 

S02 .878 .879 .8833 .8840 .8704 .8716 .8843 .8819 

ACID .705 .693 .7118 .7114 .7077 .7178 .7138 .6997 

PAS1 .699 .698 .7221 .7238 .6974 .7082 .7176 .7228 

PAS2 .872 .873 .8769 .8786 .8626 .8659 .8741 .8755 

9 10 

.4076 .3780 

.6367 .6274 

.5330 .5308 

.9002 .9015 

.9162 .9161 

.8782 .8765 

.7145 .7086 

.7123 .7126 

.8733 .8692 

Avg. 

.4121 

.6336 

.529 

.895 

.916 

.879 

.708 

.711 

.872 

U1 
\0 
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runs of this system. It is useful to take a look at these 

statistics to see how the system is operating in the case of 

crane interference for this model. 

The MOV gate allows crane one to wait for crane two 

before moving back through the system. This gate is open an 

average of 41% of the time. This means that 59% of the 

time, crane one is waiting for crane two to finish. 

SCl and SC2 make sure that only one crane is being 

worked at a time. These values are 52.9% and 63.4% 

correspondingly of the time these gates are open. It would 

seem that these values should be approximately 50% apiece1 

however, when the two cranes are both in a soak tank, both 

gates may be open. As soon as a crane is finished soaking, 

it instantly closes the other crane's gate, thus preventing 

simultaneous movement. 

C2, ACID, P2, and S02 prevent two cranes using the same 

soak at the same time. The gate C2 controls the caustic 

tank and is open 89% of the time. The gate that controls 

the acid tank is open (ACID) 70.8% of the time. P2, which 

controls the phosphate tank, is open an average of 91.6% of 

the t~me, and SCl, which controls the soap tank, is open 

8 7.9% of the time. 

From the amount of time the gates are open, it is 

obvious that a bottleneck occurs at the acid tank with that 

particular gate being open only 70.8% of the time. This is 

because of the high service time associated with the acid 

tank. 
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Two Crane One Operator Final Analysis 

Trip output for the Two Crane One Operator System was 

considerably higher at an average of 779.3 trips for a 30 

shift period than the Present System Model at an average of 

439.6 trips. This was because of the extra transport in the 

new model. The output was not doubled because of factors 

such as crane interference and waiting times. 

The tank times in the Two Crane One Operator System 

were greater than that of the Present Model. However, there 

are two items in the two crane system which account for the 

higher output of the two crane system. The tank time of 

crane one always lags just behind that of crane two. This 

is because crane two has to wait until crane one is finished 

so both cranes can move across the system to pick up another 

trip. The same logic as above follows for the total time in 

the system. 

The average number of breakdowns of 5.2 for crane one 

and 6.1 for cran~ two fall in the range of breakdowns for 

the 95% confidence interval for the Present System Model of 

0.15 and 9.8 5 breakdowns. 

The ton output is correspondingly higher with the new 

model to the increased number of trips. 

Two Crane Two Operator Model 

The Two Crane and Two Operator Model was run for 360 

hours or 30 shifts, as the previous two models. Output for 

the 10 runs are located in Appendix G. 
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Two Crane Two Operator Output 

Table IX represents a summary of the output for the Two 

Crane Two Operator System. Trip output averaged at 676.9 

trips for a 30 shift period, with a high of 689 and a low of 

664 trips. The corresponding output per shift ranged 

between 22.1 and 22.9 trips per shift, with an average of 

22.6 trips. Average time in the tanks ranged between 0.87 

and 0.91 hours, with an average of 0.89 hours. Corres

ponding total times had a high of 1.06 hours and a low of 

1.03 hours. Number of breakdowns for crane one ranged 

between 2 and 22, with an average of 7.7. The number of 

breakdowns for crane two had a low of 2, a high of 9 and an 

average of 4.9 breakdowns. Ton output had a low of 884 and 

a high of 951 tons, with an average of 917.2 tons. 

Two Crane Two Operator Confidence Intervals 

To further investigate the range of the values for the 

Two Crane Two Operator Model, a 95% confidence interval was 

calculated as in the previous two models. 

Figure 23 represents the confidence interval for trip 

output of this model. There is a 95% confidence that for a 

30 shift period the interval of 658.1 and 695.7 encompasses 

the true mean for the number of trips. 

The confidence interval that represents tank time in 

the system is pictured in Figure 24. It can be said that 

there is a 95% confidence that the interval of 0.861 and 

0.92 bounds the true mean of time in the tanks. 



Run 1 2 

Trip Output 667 678 

Output/Shift 22.2 22.6 

Tank Time .91 .89 

Total Time 1.06 1.03 

Number of 12 5 
Breakdowns 
System 1 

Number of 9 4 
Breakdowns 
System 2 

Ton Output 894 900 

TABLE IX 

OUTPUT FOR TWO CRANE TWO OPERATOR MODEL 

3 4 5 6 7 . 8 

664 686 674 670 689 672 

22.1 22.9 22.5 22.3 23 22.4 

.89 .87 .89 .90 .87 .902 

1.03 1.03 1.04 1.04 1.02 1.05 

22 5 8 9 2 9 

4 6 4 2 4 7 

919 948 898 884 903 951 

9 10 

684 685 

22.8 22.8 

.88 .88 

1.03 1.03 

3 2 

4 5 

924 951 

Avg. 

676.9 

22.6 

.89 

1.036 

7.7 

4.9 

917.2 

0\ 
w 



658ol trips 
LOW 

676.9 trips 695o 7 trips 
MEAN HIGH 

Figure 23. Confidence Interval 
of Trip Output for 
Two Crane Two 
Operator Model 

o861 hours 
LOW 

a 890 hours 
MEAN 

o929 hours 
HIGH 

Figure 24. Confidence Interval 
of Tank Time for 
Two Crane Two 
Operator Model 
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For the total time in the system (Figure 25), it can be 

stated that there is a 95% confidence level that the 

interval of 1.011 and 1.061 includes the true mean of total 

time in the system. 



1.011 hours 
LOW 

1.036 hours 1o061 hours 
MEAN HIGH 

Figure 25. Confidence Interval 
of Total Time for 
Two Crane Two 
Operator Model 
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Figure 26 represents the confidence interval for the 

number of breakdowns for crane one. This 95% confidence 

level states the interval of 0 and 20.6 encases the true 

mean for breakdowns. 

0 breakdowns 10.3 breakdowns 20.6 breakdowns 
LOW ~~N HIGH 

Figure 26. Confidence Interval of 
Breakdowns for Crane 
One of Two Crane Two 
Operator Model 
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The confidence interval that represents the number of 

breakdowns for crane two is represented by Figure 27. There 

is a 95% confidence level that the interval of 0.67 and 9.1 

includes the true mean for breakdowns • 

• 67breakdowns 4.9 breakdown9.1 breakdowns 
LOW MEAN HIGH 

Figure 27. Confidence Interval of 
Breakdowns for Crane 
Two of Two Crane One 
Operator Model 

Figure 28 represents the confidence interval for ton 

output. It can be stated that there is a 95% confidence 

that the interval of 862.77 and 971.62 encases the true mean 

for the number of tons in a 30 shift period. 

Resource Analysis of Two Crane Two 

Operator Model 

Table X represents the percentage of time the resources 

WCl and WC2 were not in use. WCl represents the resource 
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used in waiting for crane two to pick up a trip. WC2 

represents the resource used in waiting for crane two to 

receive a trip from crane one. 

/ _v 
I 

862.77 tons 
LOW 

917. 2 0 tons 9 i 1. 6 2 tons 
MEAN HIGH 

Figure 28. Confidence Interval of 
Ton Output for Two 
Crane Two Operator 
Model 

WCl is available 83.5% of the time, which means crane 

one hardly ever waits for crane two. WC2 is available 29% 

of the time, which means crane two waits for crane one 71% 

of the time. This is caused by the imbalance of the tanks 

at the "pinning off" area. To remedy this type of imbalance 

the pinning off should be moved over to allow less time for 

the crane one system and more time for the crane two system. 

However, this cannot be accomplished. The next tank that 

can be utilized as a pinning off area is the acid tank. 

Pinning off cannot be done here because of safety reasons 

and backtracking problems. 



Resource 

WC1 

WC2 

1 

.8264 

.2887 

TABLE X 

RESOURCE OUTPUT OF TWO CRANE TWO OPERATOR MODEL 

2 

.8315 

.2864 

3 

.8447 

.3107 

4 

.8395 

.2848 

5 

.8374 

.2944 

6 

.8346 

.2952 

7 

.8357 

.2837 

8 

.8272 

.2848 

9 

.8347 

.2828 

10 

.8356 

.2856 

Avg. 

.835 

.290 

0\ 
00 
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Two Crane Two Operator Final Analysis 

Trip output was higher with 676.9 trips than the 

Present System Model with an average of 439.6 trips for a 30 

shift period. However, because of the imbalance of the 

system, the trip output was lower than that of the Two Crane 

One Operator Model with an average of 779.3 trips for a 30 

shift period. 

The tank time in the system was slightly greater than 

that of the original system, with an average of 0.89 hours 

versus 0.82 hours. This is due to the "pinning off" 

function in the hot water tank. Tank time of the Two Crane 

One Operator System was approximately equal to that of the 

Two Crane Two Operator System. 

The number of breakdowns for both cranes fall within 

the range of the other two systems with values of 7.7 and 

4.9, respectively. 

The ton output was lower than the Two Crane One 

Operator System, due to the smaller number of trips for 30 

shifts at 578.96 tons. 



CHAPTER VII 

TANK SYSTEM ANALYSIS THROUGH CAN-Q 

CAN-Q Input 

Can-Q is a computer program that utilizes Queueing 

Theory and Markov Chains to analyze systems. The program 

uses mean service and travel times as opposed to distribu

tions used in simulation. The following chapter contains 

CAN-Q input and output for the tank system. All input is 

simply the mean of times taken for the input used in the 

simulation. Each tank is divided into a station, a mean 

processing time and the number of servers is input for each 

station. Average dipping times plus soaking time Cif 

soaking is required) is used as input for each station. 

Table XI represents the final input for CAN-Q. A routing 

for each product type is also required for CAN-Q. In the 

tank simulation, three different product routings are 

required. These products are normal lube, phosphate, and 

trick. Table XII represents the routing for the lube 

operation, Table XIII represents the routing for the 

phosphate operation, and Table XIV represents the routing 

for the trick operation. 

Another type of input required for CAN-Q is a transport 

time between stations. Only one transport time is allowed 
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TABLE XI 

CAN-Q INPUT 
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Station Processing Time Number of Servers 

1 Holding 
2 Caustic 
3 Cold Water I 
4 Acid 
5 Hot Water 
6 Phosphate 
7 Cold W~ter II 
8 Neutralizer 
9 Soap 

10 Dry 

Crane Move Time 

Number of Cranes in 
System 

6.71 minutes 
6.68 minutes 
0.714 minutes 
12.768 minutes 
0.72 minutes 
6.74 minutes 
0.714 minutes 
1.908 minutes 
6.668 minutes 
2.3 minutes 

0.184 minutes 

2 

TABLE XII 

ROUTING FOR THE LUBE OPERATION 

Operation Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Station 

Holding 
Caustic 
Cold Water 
Acid 
Cold Water 
Hot Water 
Phosphate 
Cold Water 
Neutralizer 
Soap 
Dry 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

2 



TABLE XIII 

ROUTING FOR PHOSPHATE OPERATION 

Operation Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

TABLE XIV 

Station 

Holding 
Caustic 
Cold water 
Acid 
Cold Water 
Hot Water 
Phosphate 
Cold Water II 
Dry 

ROUTING FOR TRICK OPERATION 

Operation Number 

1 
2 
3 
4 
5 
6 
7 

Station 

Holding 
Caustic 
Cold Water 
Acid 
Cold Water 
Hot Water 
Dry 
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in CAN-Q. This time for the tank system is the average time 

between stations, a value of 0.18 minutes. 

The last type of input that must be made for CAN-Q is 

the number of items in the system. This determines how many 

i terns can be in the production at one time. The number of 

items must be two or greater. 

CAN-Q Output Analysis 

Output for CAN-Q (Appendix H) contains a routing for 

each product type, input data summary, system performance 

measures, summary for each station, and sensitivity 

information. However, the only information that is valuable 

in determining the final analysis of the tank system is 

located in the summary of each station and the system 

performance measures, the routings and input data section 

are mainly used for data input verification. The 

sensitivity information is useful if product types or 

service times can be changed. 

System Performance Measures 

The System Performance Measures section contains the 

most valuable information on the system for the tanks. 

Table XV contains the final information from the System 

Performance Measures Section. Production rate is the first 

value given. For two items (items represent cranes) in the 

system, the production rate is 2.192 items per hour. 

Production rates by product type are also given; these are 



TABLE XV 

SYSTEM PERFORMANCE SUMMARY 

SYSTEM PERFORMANCE MEASURES 

PRODUCTION RATE • 2.192 ITEMS PER HOUR 

PROOUCTION RATES BY PRODUCT TYPE 

NUMBER 
LUBE 1. 951 
PHD .Of~S 

TRI .153 

TOTAL VALUE = 

AVERAGE TIME IN SYSTEM 

PROCESSING 
TRAVELING 
i.JAITING 

= 

VALUE 
1.951 

.088 
.153 

2.192 

54.74 

45.14 
1. 92 
7.69 

MINUTES 

FUNCTIONS OF N, NUMBER OF ITEMS W THE SYSTEM 

N PRODUCTION RATE AVER;.t;E riME IN 

1 1.275 47.056 
2 2.192 54.744 
3 2.854 63.063 
4 3.332 72.029 
5 3.674 81. 6•t9 
6 3.917 91 • ?17 
7 4.085 102.8114 

IiiF 4.41::? INF 

THE BOTTLENECK STATION IS 4 

74 
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simply the fraction of the product type in the system 

multiplied by the overall production rate. An average time 

in the system is then given. This value is 54.74 minutes. 

This time is then broken down into actual processing time at 

45.14 minutes, traveling time at 1.92 minutes, and waiting 

time at 7.69 minutes. Finally a production rate and an 

average time in the system is given for different numbers of 

i terns in the system. For one i tern in the system, the 

production rate is 1.275 items per hour with an average time 

in the system of 47.056 minutes. 

The only way to compare the one and two crane systems 

is through the production rate and average time in the 

system. This is because CAN-Q will not accept a number in 

the system less than two. However, a good picture of the 

increase in the system by adding one crane is given through 

this information. There is an increase in production of 

almost one item per hour by adding an extra crane. Average 

time in the system increases by 7.7 minutes because of 

waiting for processing, but there are two items being 

processed, increasing the output of the system. 

Finally, information is given on where the bottleneck 

is located in the system. The bottleneck in the tanks is 

located at the acid tank, station four. 

Station Summary 

The Station Summary contains information dealing with 

each particular station. The most useful summary is 
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contained within the station containing the bottleneck of 

the system. Station four is the bottleneck located in the 

tank system. 

Station four is the station that is used for the 

dipping and soaking of the bales in acid (Table XVI). 

Server utilization for this particular station is 

approximately 49.7%. The average number of items in process 

and waiting for this station is 1.281, the average number of 

items in process is 0.497, and the average number of items 

waiting is 0.784. Average time spent per operation at this 

station is 35.061 minutes. Processing time takes 13.6 

minutes of this time, while waiting takes 21.461 minutes. 

The fraction of time there are zero items at the station is 

0.5031. The fraction of the time there is one item at the 

station is 0.4969. 



TABLE XVI 

STATION SUMMARY FOR ACID TANK 

SUMMARY FOR STATION NUHOER 4 1 ACID 

NUMBER OF 
SERVERS 

SERVER 
UTILIZATION 

.497 

AVE. NO. OF 
BUSY SERVERS 

.497 

STEADY STATE AVERAGE NUMBER OF 

ITEMS WAITING 
ITEMS IN PROCESS 
ITEMS WAITING 

AVERAGE TIME SPEtH AT THIS STATION 

FRACTION 

X = 
X 
X -

TOTAL TIME <MINUTES> 
PROCESSING 
WAITING 

UF 

I) 

1 
2 

TIME X ITEMS AT STATION 

.5031 
,4qb9 
. 1436 

1. 281 
,497 
.784 

PER OPERATION 

35.061 
13.606 
21.461 

X ITEMS EXCEEDED 

.4969 
• 000 0 
t:J:t:t:l: 

PER ITEM 

35.061 
13.600 
21.461 
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CHAPTER VIII 

COMPARISON OF CAN-Q AND SIMULATION 

This chapter compares the CAN-Q output with the 

simulation output. This is accomplished through the use of 

confidence intervals. An economic analysis is also done on 

the outputs of both the SLAM model and CAN-Q to determine if 

the addition of the cranes is economically feasible. 

Original System Simulation and CAN-Q 

In comparing the Present System Simulation with CAN-Q, 

only two numbers from the output of CAN-Q will be compared 

to the simulation output: 

output. Comparisons will 

time spent in the system, and 

be made through confidence 

intervals calculated from the simulation output. 

The production rate calculated through CAN-Q is 1.275 

items per hour. Multiplying this number by 360 an output of 

459 items is obtained. Figure 29 shows where this number 

lies compared with the simulation's 95% confidence interval. 

The number is slightly high, probably because breakdowns 

cannot be modeled into the system. Taking an average output 

per day shows how close the production rate for the 

simulation and CAN-Q really are. CAN-Q's output per day is 

15.3 trips, while the average number of trips per day for 

the simulation model is 14.65 trips. 
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429.78 trips 
LOW 

439.6 trips 
MEAN 

449.4 
HIGH 

459trips 
CAN-Q 

Figure 29. Confidence Interval of the 
Present System Output and 
CAN-Q Output 
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Average time in the tank is 47.056 minutes, or 0.784 

hours. Figure 30 shows where this value lies when compared 

with the simulation's 95% confidence interval for tank time 

in the Present System Model. This number is slightly lower 

because of the inability of CAN-Q to handle breakdowns. 

H 
• 7 84 hours • 80 0 hours 
CAN-Q LOW 

• 8 20 hours 

l\1EAN 

o837 hours 

HIGH 

Figure 30. Confidence Interval of the Present System 
Tank Time and CAN-Q Tank Time 
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Two Crane One Operator Simulation and CAN-Q 

Output from the Two Crane One Operator System 

Simulation is extremely close to that of CAN-Q. Figure 31 

represents the 95% confidence interval of the production for 

360 hours. The production for CAN-Q of 789.12 trips for 360 

hours lies almost midway between the mean of 779.3 trips and 

the upper limit value of 798 trips with respect to the 

simulation's output. The CAN-Q output of the production is 

slightly higher because of the inability to model 

breakdowns. Another reason the output might be slightly 

higher is because of the lack of ability for CAN-Q to model 

crane interference. This is especially true at the drying 

portion of the tanks. CAN-Q does not allow one crane to 

wait until the other crane is finished so they both may move 

back to the beginning of the tanks. 

760.7 trips 

LOW 
779.3 789.~ 798 trips 

MEAN CAN-Q HIGH 

Figure 31. Confidence Interval of Two 
Crane One Operator Output 
and CAN-Q Output 
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The average time of the system, however, is also 

slightly higher than the average tank time for the Two Crane 

One Operator Model (Figure 32). This is possibly due to 

random variation in the simulation model. 

• 8 7 7 hours 

LOW 

• 89 7 

MEAN 

-
g912 o917 hours 

CAN-Q HIGH 

Figure 32. Confidence Interval of 
Two Crane One Operator 
Tank Time and CAN-Q 
Tank Time 

Two Crane Two Operator Simulation and CAN-Q 

The difference between this simulation and CAN-Q is 

greater than the difference found for the other models. 

Figure 33 depicts where the value of production output falls 

for 360 hours calculated through CAN-Q with respect to a 

confidence interval derived from the Two Crane Two Operator 

Simulation Model. CAN-Q's value of 789.12 trips lies well 

above the confidence interval upper value of 695.7 trips. 
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This is due to the inefficiency of the Two Crane Two 

Operator Model to utilize the second crane. 

-I 
658.1 trips 
LOH 

676.9 tri~s 

~EAN 

695.7 trips 
HIGH 

789.1 trips 
CAN-Q 

Figure 33. Confidence Interval of Two Crane 
Two Operator System Output and 
CAN-Q Output 

Average time in the system of CAN-Q, however, does fall 

within this simulation's 95% confidence interval of tank 

time (Figure 34). This value of 0.912 hours is slightly 

greater than the mean value given through the simulation of 

0.89 hours. This is also probably due to random variation 

in the simulation model. 

Economic Analysis of Outputs by 

Simulation and CAN-Q 

A net present worth was calculated for a one, three, 

and five year period using the averages for tonnage 
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generated by the simulation models, and average output per 

trip from data collection. 

.861 trips 
LOW 

~890 .. 912 
MEAN HIGH 

~917 trips 
CAN-Q 

Figure 34. Confidence Interval of Two 
Crane Two Operator System 
Tank Time and CAN-Q Tank Time 

In the economic analysis, each net present worth 

represents the added income above the original model. This 

means that the total tonnage for each proposed system was 

adjusted by subtracting the present system's tonnage from 

them. Management stated that the Minimum Attractive Rate of 

Return for the company is 12%, and the profit after overhead 

generated per ton is approximately $100.00. Table XVII 

represents the final tabulations for the Two Crane One 

Operator Model and the Two Crane Two Operator Model. 

The Two Crane One Operator Model had no personnel cost. 

This is because the same operator operates the added crane. 



TABLE XVII 

ECONOMIC ANALYSIS OF TANK SYSTEM 

Income Generated NPW AbQ~e Original S2stem System Personnel Equipment Above Oriiinal 1 year 3 year 5 year 
Model 

Two Cranes - 25,000 1,126,700 981,030 2,681,108 4,036,528 One Operator 

Full System - 50,000 2,253,400 1,962,061 5,362,216 8,073,056 

Two Cranes 101,400 25,000 695,760 596,244 1,646,076 2,483,076 Two Operators 

Full System 202,800 50,000 1,391,520 1,192,488 3,292,152 4,966,152 
CAN-Q 

One Operator - 25,000 1,071,059 931,349 2,547,470 3,835,954 
Full System - 50,000 2,142,117 1,862,697 5,094,940 7,671,907 

CAN-Q 
Two Operators 101,400 25,000 969,659 840,809 2,303,927 3,470,427 
Full System 202,800 50,000 1,939,318 1,681,618 4,607,854 6,940,854 

* Tonnage/year * 100.00 - Operator Cost 

12% MARR 
00 
~ 
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Equipment cost per crane after installation is approximately 

$25,000.00. The total income generated per year is 

$1,126,700 for adding a crane to one half of the system and 

$2,253,400 for adding cranes to both halves of the system 

(the simulation only simulated one side of the tanks). Net 

present worth for one half of the system was $981,030, 

$2,681,108, and $4,036,528 for a one, three and five year 

period, respectively. The net present worth for a one, 

three and five year period for the full system was 

$1,962,061, $5,362,216, and $8,073,056, respectively. 

The Two Crane Two Operator Model incurred the cost of 

personnel. This amounted to $101,400 as estimated by 

management. This includes operators for the day and night 

shift for both the weekend and the weekday crew. Equipment 

cost is the same as the previous system at $25,000 per crane 

after installation. Income generated per year from the 

addition of the cranes was $797,100 for half the system, and 

$1,594,200 for the full system. Net present worth for half 

the system was $596,244, $1,646,076, and $2,483,076 for a 

one, three and five year period, respectively. The full 

system generated a net present worth of $1,192,488, 

$3,292,152, and $4,966,152 for a one, three and five year 

system, respectively. 

CAN-Q, utilizing an average tone output of 1.337 tons 

per trip and costs incurred for equipment, yields a present 

value of $931,349, $2,547,470, and $3,835,954 for one, three 

and five years for half of the system. The full system 
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yields present values of $1,862,697, $5,094,940, and 

$7,671,097 for one, three and five years, respectively. 

The CAN-Q net present value for two operators is 

$840,809, $2,303,927, $3,470,427 for one, three and five 

years. These values are for one half of the system. The 

full system present value for two operators is $1,681,618, 

$4,607,854, and $6,940,854 for one, three and five years, 

respectively. 

Clearly, the Two Crane One Operator system is best in 

an economical sense for both the simulation and CAN-Q. 

However, CAN-Q cannot distinguish between the two types of 

models run by the simulation. All values from both outputs 

of CAN-Q and simulation are very close, though, and the way 

in which CAN-Q operates is closer to the Two Crane One 

Operator Model than the Two Crane Two Operator Model. 



CHAPTER IX 

CONCLUSIONS 

In making management decisions, both CAN-Q and 

simulation can be very valuable. In this particular 

situation many trade-offs are involved in using the two 

different techniques. 

Simulation requires extensive system analysis and data 

collection while CAN-Q requires no modeling and very little 

data collection. This particular simulation project had a 

data collection period and system analysis of approximately 

three months. Another two months was required to build and 

verify these models. CAN-Q would take approximately two 

weeks of data collection and no distribution testing, plus 

no modeling. 

Simulation requires expertise while CAN-Q does not. 

This means that management can utilize CAN-Q without an 

expert in modeling. For simulation, management will either 

hire someone or have someone else within the company with 

the expertise run the simulation for them. 

Simulation requires a special software package and in 

most cases, at least a mini-computer to handle this type of 

software. CAN-Q is approximately 500 lines in length and 

can fit on a micro-computer. 

CAN-Q only gives means, and not ranges. Simulation 
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does give means and ranges for the poorest.and best 

performance of a partic~lar system. In this particular 

problem, though, system variability was not very high. 

The most important factor in the difference between 

CAN-Q and simulation is accuracy as compared to the real 

system. Both CAN-Q and simulation showed the proposed 

addition of the cranes as extremelr attractive. CAN-Q did 

not show, as the simulation did, the optimum arrangement of 

the cranes and how many operators were needed. The 

simulation showed clearly that the optimum system was a two 

crane one operator type of setup, while CAN-Q basically 

showed only that adding an extra crane would be profitable. 

CAN-Q also could not analyze the breakdowns of the system. 

In this case, there was not a large difference in the 

numbers~ however, in a system where frequent breakdowns 

could occur, CAN-Q may become more inaccurate. 

CAN-Q may also be a valuable tool in verifying and 

validating a simulation. In this particular case, values of 

simulation and CAN-Q were comparable. Even if values in 

CAN-Q deviate from the values of simulation, and these 

deviations can be accounted for, CAN-Q can be a quick way to 

see if a modeler is on the right track with a simulation 

model. 

The bottom line between simulation and CAN-Q is 

accuracy versus cost. In this case, both types of analysis 

revealed it was profitable to add another crane. However, 

simulation told exactly how to situate the crane while CAN-Q 
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did not. Simulation also enabled the modeling of breakdowns 

while CAN-Q could not. CAN-Q, though, takes much less time 

to develop. In this particular case it would take five to 

seven months to develop the simulation, compared to two 

weeks for CAN-Q. 

Finally, both the simulation and CAN-Q showed it was 

extremely profitable to add the cranes. Even though CAN-Q 

was very close to the simulation's findings, the simulation 

showed it was most profitable to add an extra crane with one 

operator. 

There are trade-offs in using simulation and CAN-Q. 

Further research should be done on different types of 

systems to see if CAN-Q or simulation is more appropriate in 

different situations. 
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APPENDIX A 

DATA COLLECTED AND CORRESPONDING 

HISTOGRAMS 
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CAUSTIC DIPPING 

ORDERED DAT,; 

.008 • 009 .009 .009 .009 .009 .010 .010 .012 . 0 1 ;,=! .012 .0"12 . 01 ;.: .012 .012 .012 .013 .0'13 .013 .013 .013 .013 .013 .014 .014 .014 .014 .014 .015 . 015 .016 .017 .017 .017 .017 .017 .017 .017 .017 .018 .0"18 .019 .019 .(}23 .023 

:llltElEiWAI HISTOGRAM ,.,.,.,.,. 
12 • 11 ,. 
10 1W 

9 • 8 ,. • ifE 
7 • • ,. 
6 • • • liE 
5 • .. • • 4 • liE • '* • 3 • ,. 

'* • • • 2 • • • liE • • * liE 1 • • • liE ,. • • • ----------------------------------------HUMBER 6 2 8 12 3 8 4 0 0 2 
CLASS 

S7ART .008 S70P .024 SIZE OF tHTERV~L CALCULATED MEAN• .0~404 CALCULATED ~A~IANCE• 
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********************************************** 

llYPOTIIESIS STATEMENT 

NULl .. HYPOTIIESIS.o POPIJl.AHON IS NORMAl. WITH TRUE MEAN= , 0140 
AI TERNATIVE 11\'I'OTIIESI:.I" POf'UI.AliON IS 1401" NORMAL loll Til TRUE IIEAN= ,0140 

~···········i··········~······················ ULIMBER Of UDGERVATION::J= 45 

KOLMOGOROV - SHIRNOV TEST 

C:ULS 

2 
3 
4 
5 
6 
7 
8 
9 

10 

RA1411E 
FROM 

-9?9.9990::.! 
• 00950 
,01100 
.01250 
,Ot-100 
.01550 
, 01/'liO 
.0Hl50 
.(12060 
• 021511 

llr£:REES OF FREf:~DOM• 1 0 

TO 

• OII'J;jO 
.01100 
.Oli!.!iO 
.01400 
.01:5:50 
.01700 
• 01 IJ~jO 
.020011 
.02150 
.02300 

HIJ•.. , 0 14044•149 SIGMA 2oo 

OBSERVED OBSERVFU 
FREQUEI'I~'( 

6.00000 .13333 
2.00000 .04444 
8.00000 .17778 

12.011000 .266t.7 
2.00000 • 04444 
9.011000 .20000 
2.00000 .044H 
2.00000 ,04H4 

.00000 ,00000 
2.011000 • 0444·1 

, OOOOl:!!:if:!9 

CU11Ul.AHVE THEORETICAL CUI1UI.ATIVE t:OLMOGOROV -
OBSERVED FREQUENCY TIIEORETICAL SltiRNOV 
F REQllENC.I' FREQUENt\' sT:.Tisnc 

.13333 .04423 .04423 , OEI'/1 0 
.17'778 .15120 .19543 .017i·5 

1 ,35556 .13i.24 .33168 • 02388 
.62222 .1.:.333 .49500 .12722 
.6661.7 .1641 B .65918 .007·18 
.866b7 .13839 .79'758 .06909 
.91111 .09701! .89540 .01~71 
,95556 .fl579ll .95338 ,00218 
,95556 ,02881 .913219 .02£.64 

1,00000 ,012111 .99420 • 005f~O 

THE IWLMOGIJROV - SI1IRNOV STATISTIC ,. It 2i"22 

\0 
U1 



COLD WATER DIPPING 

ORDERED DATA 

.006 '006 .006 .007 .00{3 
.008 .009 .009 '0 0'? .0()? 
'0 0':;1 .009 .00? .01(} .010 .010 .010 .010 .Ott . 011 
.012 .012 .012 .Ot2 . 012 .012 . 012 .0"13 • o·.t 3 '0 "14 • 0 ·.t -4 .014 .014 .014 .014 .014 .015 o·' r. • •..J .015 . 015 
.016 .017 .017 .020 .021 

;if •••• HISTOGRAM "'E'*!.Pte:. 

11 • 10 lE 
9 • • • 8 • • • 7 liE • • s • • • 5 liE • • ,. 
4 • • • • • 3 • • ,. • • • 2 • • • • • • • 1 '* • • • ,. :• • • 

HUMBER 4 9 5 9 2 11 3 0 1 1 

~LASS 

STL\RT .!lOS '3TOP . c:::2 SIZE OF IHTE;<t\IAI_ 
CALCULA7EO ~EAH• .0!189 CA~CUL~TED VARIANCE• 

96 

.:l:16 
. 00001 



*"*~··**************************************** 

HYPOTHESIS STATEMENT 

NIILL flY:'OTflESIS'= POPULATION IS NORMAL WITU TRUE 11EAIJ"" .IIttS' 
roLl ERNI'oll VE llYPOTilESI:i= POI'ULA TIOIJ IS IIOT NORtiAL WHH TRUE tiEi'd'l= .llt19 

~-·~··*~*~••*•******************************** NUMBER OF ODSERVATION3• 45 

ICOLMIJGOROV ·- SMIRNOV TEST 

CHUi 

2 
J 
•I 
::; 
f., 

7 
:J 
9 

I 0 

RANGE 
FROI1 

-9?'1.999112 
.00?50 
.110900 
.01050 
,01200 
,01350 
.01500 
• 01650 
.01800 
. 01950 

IIEGREES OF FREEDOMm tO 

TO 

.00/50 
.00900 
.01050 
.01200 
.01350 
,01500 
. o t:.so 
.018011 
, Ot'l:"iO 
.02100 

MU~ .011888866 SIGMA 2• 

OE!SERVEO OE!SERVE:J> 
FREI~IJENCY 

•1.110000 . om:o9 
<;',001100 .20000 
5.00000 .ttlll 
7.00000 .20000 
2.00000 .O"'H4 

11.00000 .244'14 
1. 00000 • 0~?2i."!2 
2.00000 . 04-1·14 

,00000 .011000 
2.00000 ,044-H 

• 000011965 

CllllUL.A TI VE HIEORETICAL CUtiUL A TI VE KOUIOGOROV -
OBSERVED FREQUENCY THEORETICAL SMIIWOV FREQUENCY FREQUEIJCY Sl?.TISllC 

.0888? .04433 . 114•133 . 04-l~i6 
,20889 .1 :;';746 .20t81 . o:I70ll 
,40000 • 14221 .344112 . 0~599 
.60000 .16000 .51281 .O:J:'t9 
.E>4444 . t 66fi0 . 6~'931 . o:HE17 
.8H089 .13<>48 ,81579 .0'7.110 .91111 .0929<> .90075 . 00236 
. 955~i6 .05262 .96136 . oo::;o1 
.95556 .02475 .98611 .0305~) 

1.00000 .00967 ,995?8 . 00 ·l22 

THE I<OLMOGOROV - SIHRNOV SlAHSTIC ; .08719 

\0 
-...1 



ACID DIPPING 

ORDERED DATH 

.008 .ooa .008 .00? .009 
.009 .011 . 011 . 011 . 011 
.012 .012 . 012 .012 .012 
.012 • 0'13 .013 .013 .013 
.013 .014 .014 .014 .014 
.014 .014 .015 .015 .016 
'0 16 .016 .016 . OH~ .016 
.017 .017 .017 .017 .017 
.017 .018 .019 .022 .023 

••••• HISTOGI<~M J!llf:'tl'll!:ll 

11 liE 
10 • 9 • e • • 7 ~ • s >If • • • • 5 • • • • • 4 • • .. .. • • 3 .. • • • • • 2 • • • llf !II liE !II 

1 • liE • liE • • ll .. • ----------------------------------------HUJI'!BER s 4 s 11 8 6 2 0 1 1 

CLASS 

ST~RT .008 STOP .024 SIZE OF INTERVAL 
CALCULATED ~EAH• .01391 CALCULATED VARIAHCEa 

WOULD YOU LIKE TO CHARGE THE THE NUMBER OF CELLS ? 

98 

.0016 
.00001 



KM»»***~********MMMMMMMM***************MMMMMMM 

11\"POTiiESIS STAlEtiEIH 

HULL HYPOTHESI Sa POPULATION IS NOR HAL WI Til TRUE HEAN"' ,Ill 39 
~l.lt.:RIItHIVE ln'POTIIESJ::l: POPULATION IS NOT NORMAL WITH TRUE HEAtl>= .0139 

·k···~~~······································ IIUtiElER OF OIISERVATIONS= 45 

I<OLHOGOROV - SHIRNOV TEST 

Gt::LLS 

~:! 

l 
•I 
:::; 
(, 

7 
B 
9 

10 

RAIIGE 
FROH 

-9'"19.99902 
.00950 
.01100 
.01250 
,01400 
• 01550 
,01700 
,01850 
,02000 
. 021 so 

llEGRE:ES OF fREEDOM: 10 

TO 

• OO'l::iO 
.111100 
.01250 
.01400 
.Ot:i~O 
.01100 
.OlU~O 
,(1;:!000 
.02150 
.02300 

t"J• .013911108 SIGMA 2• 

ODSEFIVEil OIISERVFl> 
FREQUENCY 

6.00000 .1JJJ3 
4.00000 .OUBB? 
6.00000 .13333 

11.00000 ,2·H44 
2.00000 .114444 

12.00000 .26r~67 
1.00000 . o:.~~.:!2 
1.00000 .02222 

.00000 .00000 
2.00000 .04444 

,0000116"/4 

CUMLII.A liVE l'HEOIIETICAL CUIIULi\ TI VE t;OI..tiOGIIfWV ·~ 
OEISERVEil FREQUENCY TIIEORETICAL SMIRNOV 
rREQLIENC\' FREQUENCY STATISllC 

.13333 .O·HB1 .114181 , O'i'152 
.22222 .15529 .19710 I 0&~512 
.35556 .14270 .33980 , otr;i.,5 
,60000 • t7o5a ,51 o;Ja I O~l'J'62 
.64444 .16fl£>'7 . (,7905 .1134~.0 
.91111 .13797 .81702 ,l)'l409 
.93333 .09336 ,91038 .u:!2'n. 
,95556 .0522& . 962f.3 . oo:'O:l 
.95556 ,02419 .98683 .03127 

1.00000 ,00927 .99609 ,003~1 

THE I:OL!10GOROV - BHIRNOV 51 ATISHC " .094119 

\0 
\0 



ACID SOAK 

ORDERED DATA 

'1 17 '1 "17 '117 .117 '150 '150 . 150 .167 .167 .167 
.167 I l.S7 I 183 .183 I 1 a:J .183 1200 1200 1200 120 () 
1200 .200 1200 .200 .200 .200 .200 .200 .217 .217 .217 1217 .:!33 .233' .233 .233 1233 .250 .250 .250 .250 1250 1250 .250 .283 

··-· HISTOGRAM ...... 
12 • 11 • 10 • 9 • s • 7 ll • 6 .. • 5 • • ll • 4 • • • • lll' • • 3 • • • • • * • • 2 • • • • lll' • • • 1 • .. • • • • • • ----------------------------------------l'tUMBER 4 3 5 4 12 4 5 7 0 1 

CLASS 

START .117 ~TOP .294 SIZE OF IMTEPVAL 
CALCULATED ~EAH• .!3891 CALCULATED VARIAHCE• 

100 

• 01?7 
.0016:" 



~xx;~~x****»k»*~»*****~~~***********~********** 

ll'o'PUHIESIS SlATEHEIH 

NULl. HYPUTIIESIS"' POPUl..oHION IS llORMAl.. WITH TRUE MEAN"' .1 S'B'i t'oiiLIWr.TlVE IIYI'OHIESI:;~ POPULt.TlON IS IIOT NOfll-lt.L WIHI TRUE 1\EAN" .1909 

*~·~~~~~*~·*····~~*···~······~·~-~~~···~·····~ lllltiE<ER OF Of:6E:RVo<.TIOIIB"' •15 

I<OLNOGOROV - SMIRNOV TEST 
I:HUi 

2 
~:i 
4 
5 
,:, 
7 
f) 

9 
10 

FROI1 

···9')'}. 99902 
.13360 
.15020 
.1668(1 
. 10:~40 
.20000 
.21660 
,23320 
. 2·1'100 
.26640 

Rt.NGE 

OEGI~EES OF FREEDOM"- I 0 

TO 

,13360 
11~5020 
. 1 e.:.~uo 
. Hl340 
.20000 
.21660 
t 23:320 
.249BO 
.Zl.MO 
.20300 

I ill·'· . 19891 I 071 SIGMA 2" 

OBSEIIVED 

4.00000 
3.00000 

.00000 
9.00000 

12.00000 
.00000 

9.00000 
.00000 

7.00000 
1.00000 

. 00 164'18:.)6 

OllSERV(D 
FREQI.lENGY 

I UEJ(H:I9 
.06667 
• 0000(1 
.20000 
. r:.~£~i,,i,7 
.00000 
.2011110 
.001100 
. 1 r..it~~ib 
.02222 

Cli11ULATIVE HIEORETlCAL CllliULA TI VE KOLMOGOFWV --OF.ISEilVED FREQIJENGY TIIEORETICAL SMIIlNOV FllE:I~llfJICY fREQUENCY STi'd IS TIC 
. 00009 .02137 .112187 • 06';"'02 I 15556 .09335 . 11522 . O·IO:H .15556 .09'738 .21460 . o::,~:o5 ,35556 .13663 .35128 , Oil-123 .t-2222 .159-12 .51070 . 11 I ~53 .1..2222 .15770 .66340 . 0·-lbt 7 .B~!222 I 13232 .80071 . u ;~ 1 ::-,1 .02222 • 0'}416 .894tl7 , o·;,~~65 .97773 .O~iU13 . 9[.i1 ~:·o , II<~<.UB 1.000110 I 02?0'l .9ao7o 

I 0 1':·~~2 

HIE I<OLMOGOROV - SMHWOV Sl'ATlSllC "" '11153 

1-' 
0 
1-' 



HOT WATER DIPPING 

ORDERED DATA 

.006 .006 .006 .006 
.008 .009 .009 .009 
• 009 .009 .010 .010 
.010 .010 . 011 . 011 
.012 .012 .012 .0.!2 
.012 .013 .013 .014 
.014 .014 .014 .014 
.015 .015 .015 .015 
.016 .016 . 01 ,., . (j 19 

.... ..., HISTOGRAM •• ;HE. 

11 • 10 • 9 • • 8 :IE • • 7 • • • 6 • • • 5 • • • • 4 • • ;I lll • .. 
3 liE • • • • • 2 • .. • 'liE • • ,. 
1 • • • • ll • • • • ----------------------------------------HUMBER 4 8 5 9 2 11 4 0 1 1 

CLASS 

START .006 STOP .022 SIZE OF' !HTEJ<IVAL 
CAL:ULAT~D ~EAH• .0113a CALCULATED veR:AHCE• 

.ooa 
• 009 
.010 
. 012 
.012 
. 014 
.015 
. 016 
.021 

.0016 
.00001 

102 



•••******************************************* 

ll\'POTUESIS STATEMENT 

NULL liYPOTUESIS"" POPULATION IS NORMAL WI HI TRUE MEAN" , OH!O t.LIERNAliVE 11\'POTIIEE>IG~ POPULATION IS HOT NORMAL Willi TRUE MEAN"' ,0120 

*****K~····MMMMMM~MMMMMMMMMMMMMMMMMMMMMMMMM~MM lllltlf<Ef( OF OJ::UERVAHOUS"' 45 

I<OLMIJGOROV - SKIRNOV TEST 
CELLS 

2 
3 
·I 
5 
6 
7 
a 
9 

; 0 

Rt.HGE 
FROM 

-·9?9. 99902 
. 00'750 
.00900 
. 81050 
.01200 
.01350 
.01500 
.01650 
.OHHIO 
.01950 

DEGRETEI IIF fREEilOH= 1 0 

TO 

.00750 
.00900 
.010:30 
.01200 
.01350 
.01500 
.Ot£,50 
.01i100 
.o1r1::;o 
.02100 

MU• .011977775 SIGMA 2• 

OliSERVE:O OliSERVEJ) 
FREQUEilGY 

4.00000 • 00Bll9 a.ooooo .17770 5.00000 .11111 9.00000 .200011 2.00000 • 04444 
11.00000 .2oH4~ 4.01JIIOO , OUUIJ'? 

.00000 ,00000 
1.00000 .02222 1.00000 .02::22 

.000011749 

CUMULATIVE TI!EORETIC11L CU11LIL11TIVE KOLI10GOFIOV -OBSERVED FREQUENCY THEORETICAL Sl1fRNOV FREtiliEUCY FREQUENCY STt.TISliC 
, OEI0£19 ,04059 .04059 ,O·HI30 .26667 • 15191 . 19250 .0741'7 .3777£1 .1-\069 • 33319 .04459 .5?778 .16940 .50259 .07519 .62222 .16893 ,67151 .04929 .06667 . 13952 .81103 

0 05~~6·1 .95556 .095H .90ool7 .04909 . 9:5~556 . 05·107 .96053 .004~':1 .9i'77(1 .02537 .9B5t;'O .ooa:2 1.00000 , OOS'86 .995'76 .0042~ 

TilE I:OLMOGllROV - SHIRIWV STt.TISllC " .07519 

...... 
0 
w 



PHOSPHATE DIPPING 

ORDERED DAT,~ 

. 007 • 008 .008 .008 .010 .010 • l) 11 • 011 . 0 '11 . 0 ·.t 1 . 0 '.l 1 • (J't 1 .012 .012 .012 .012 .0'12 .012 .0'13 • 0 '13 • 013 .014 ,1)14 .014 .014 .014 .014 .015 .015 . 0 '17 .01'7 • 0'17 .017 • 0 1 '7 .017 .017 .017 .017 .017 . 019 .020 .021 0'~~ • kl.. 0 . ., ... • t.,;.,J . 033 

.,. ... HISTOGRAM --~ 
14 • 13 • 12 • 11 • • 10 * * * 9 • * * 6 • • * 7 lit * lit s • lit * 5 • lit • 4 lit lit • * 3 lit lit * lit 
2 • • • • * lit 1.. lit • lit • • * • • ----------------------------------------HUMBER 4 14 11 10 2 2 1 I} 0 1 

CLASS 

START .007 STOP .034 SIZE OF !HTE~VAL CALCULATED MEAH• .01449 CALCULATED VARIPHCE• 

104 

.0027 
.00002 



~~~*~·~·~~···-~·-····························· 

llo'POTIIESIS STATEHEIH 

IIIII L llYPl1lllESIS"' POPULATION IS NORHAL WITI·I TRUE MEAN= , 0145 
ALIERIItHIVE 11\'POTilESI::l= POPULATION IS HUT NORiitiL WlHI TRUE IIE.;il" • 0145 

X»••********XXX*X~«*XXKXXKXW**************~*** 
IIUIIDER OF ODSERVATIOUS"' 45 

KOL.NOGOROV - SHIRNOV TEST 

CELLS 

2 
3 
4 
5 
(;, 

7 
n 
9 

10 

RANL;E 
FROM 

-9?9.99902 
.00960 
.01220 
.81480 
.01740 
.02000 
. 02::~60 
. 02:::i20 
.02780 
• 03040 

~lGREES OF FREEDOH• 10 

TO 

.oo•no 
.01220 
. 01·100 
.01740 
. 0<!000 
.02260 
I 02~i20 

.02700 
.03040 
.03300 

MU"' .014488893 SIGMA 2• 

OBSERVED OBSERVE I> 
FREQUINCY 

... 000011 ,(1(1(109 
H,OOOOO .31111 

9.00000 .20000 
12.00000 . 266(,7 

2.00000 .OHH 
2.00000 .04444 
1,00000 .0::!222 

,00000 .001100 
.00000 ,000110 

1.00000 .02222 

. o o o o2&o'II'J2 

CllHUUo TI VE THEORETICi'IL ClltiULo'tllVE HIL..MDl;tlf!OV -
OI~SERVEO FREQUENCY THEOREliCAL. S~iiRNOV 
FREQUENCY FREQUENCY SToHISTIC 

. 08BWl .O~B77 .11587/' ,03012 
.40000 .25742 ,31619 .OB3;31 
.600110 .20974 I 5~~~92 . 07·1 oa 
.86667 .20263 .72955 • 1 ;;;n 11 
. 91 ttl • 14676 .87531 . 035l:IO 
.95556 I 0'7960 .95499 .011057 
.97778 . 032~\2 . 9£1741 . 00''63 
.9'77713 ,00909 .99730 . 01 (j'52 
, 977/'B .00226 .99956 .021'78 

1.00000 .00039 .99995 .0000:5 

THE •ol.HOGOROU - SMIRNOU STATISTIC "' . 1 3811 

...... 
0 
l11 



NEUTRALIZER DIPPING 

ORDERED DAT,.; 

.010 .0'10 .011 . 011 . 011 

.011 . () 12 .012 .012 .012 

.012 .014 .0'14 .014 .014 

.014 .014 .014 .0"14 . 014 

.0"14 .015 .015 .0'16 . 01 ,.;, 

.016 .017 .017 .017 .017 

. 0'17 .019 .019 .019 .019 

.020 .020 .ozo .020 . 020 

.020 .020 .021 .025 .026 

....... HISTOGRAM .. ... 
12 • 
11 • ,. 
10 • • 

9 !If • a • !If 

7 .. • s • • • 
5 • • • • • 
4 .. • • • ll 
3 • • • • • ll 
2 • • ll • • • 
1 • • • • • • lf • • ----------------------------------------HUMBER 6 5 12 3 5 11 1 0 1 1 

CLASS 

START .010 STOP .Q27 SIZE aF IHTERVAL 
CALCULATED MEAH• .01~89 CALCULATED VARIANCE~ 

.0017 
.OOOJl 

106 



K*KYM*******************~********************* 

HYPOTHESIS STATEMENT 

NUI..L HYPOTIIESIS"" POPULATION IS NORMAL WITH TRUE MEAN= , 0159 AUERNAUVE ~IVPOHIESIS"' POPULATION IS NOT NORMAL Willi TRUE 11EAN= .0159 

*************'******************************** HUHDER OF OBSERVATJONS• 45 

KOLMOGOROV - SNIRNOV TEST 
CELLS 

2 
3 
4 
5 
6 
7 
l1 
9 

I tl 

FROM 

- 9'/9. 99902 
. 01160 
• 1113(!0 
.01460 
.016-10 
• 01800 
.111960 
• 021211 
.02200 
. 02•l4il 

RAHioE 

DEGREES OF FREED011" 10 

TO 

.0111>0 
.01320 
.ot-tno 
.01640 
• OtBOO 
. 01960 
.02120 
.02280 
.02440 
.02600 

MIJ•• ,015086986 SIGMA 2"' 

OBSERVED 

6.00000 
5.00000 

10.00000 
5.00000 
5,00000 
4.00000 
a.ooooo 
.ooooo 
.00000 

2.00000 

. ooo o 1 •tlml 

QEcSERVE:O 
Fl~EQIJENCY 

. 133;13 
.tttt1 
.24!222 
.ttll1 
.1tttl 
'00813? 
.1 'i'770 
.ouooo 
.000110 
. 0-1444 

CliW.ILAHVE TUEORETICAL CIJI1Ul..ATIVE I:OL.MOGOROV -OBSERVED FREQUENCY TtlE:OREHCAL SMIRNOV FREqUEUCY FREQUEilCi' su.rrsnc 
. 13333 .06310 .06310 ,07024 .24444 . 17941 .24250 . 00 I S'4 . -\66£.7 .1461? .38868 . 077';'9 .57?78 .16412 ,55280 .02490 .66889 I 15544 .?0823 . 0 t 93~'; .777?8 • 12410 .83241 .05463 ,95Sfll. .003bf.l .91609 . o:w-t? .95556 .04756 .96365 .00:310 .95556 • 02200 '9£1646 .03090 1,00000 .011922 .99568 .00432 

THE KOL.MOGOROV - SI1IRIIOV STATISTIC "' . 077'~9 

...... 
0 
-....! 



SOAP DIPPING 

Of-<DERED DATA 

.007 . 008 .009 .009 
.009 .{)11 .0'11 .012 
• o·.t2 .012 .012 • OL.:? 
.012 .012 .013 .013 
• 0 :t 3 .013 '013 .014 
.014 .014 .014 .014 
.016 .016 .016 .017 
. 017 .017 '0 •J 7 .017 
. 017 .019 .019 .022 

••••• HISTOGRAM liBOEltflli 

12 • 11 • • 10 "' • 9 ll • 8 • • 7 • • s ll • ll lit 
5 • • • • 4 • • • • • 3 • • lll • • 2 lll • • • • lll * 1 • • • • .. lll • • • ----------------------------------------NUMBER 2 4 11 6 6 12 0 2 1 1 

CLASS 

START .007 STOP .024 SIZE OF INTERVAL 
CALCULATED MEAH• .01391 CALCULATED VARTAHCE• 

.009 
. 012 
.012 
.0"13 
.014 
. 016 
.017 
. 017 
0':)~ ' ,_;;.;.) 

.>'l017 
.00001 

108 



KK**~~»l»M************************************ 

IIYP OTIJES I 5 STATEMENT 

WILL HYPOTfiESIB'~ POPULATION IS NORMAl .. WITH TRUE MEAN~ , 0139 Al.lERUAliVE IWI'OlHESI:io: POPULAliOI~ IS UOT NORi1Al. Wllll TRUE HEAN" .0139 

·······················•********************** HliiiiJE"R Of CIBSERVATIOilS" 45 

KOLMOGOROV ·- SHIRNOV rEST 
CELLS 

2 
3 
~ 

5 
[:, 

7 
f) 

9 
I 0 

FIWI1 

-999.99902 
, OllBbll 
.(110211 
.01180 
.111340 
• 01500 
.01660 
.01820 
.Ill 'i'GO 
.112140 

R;.UGE 

DEGREES OF FREEDOM'" 10 

TO 

.000.:.0 
.01020 
.Ill HIO 
,013~0 
.01!300 
. 0 1 f,60 
.OHI.:!O 
,01980 
,021-tO 
.023011 

1111"· .013911109 SIGMA 2: 

OBSERVE II 

2.00000 
4.00000 
2.00000 

15.001100 
b.OOOOO 
4.001100 
0.011000 
2.00000 

.ooooo 
2.00000 

• 00001 19'.i'<.! 

OllSERVEil 
FREQUENCY 

• ll·lo\44 
.00309 
.ll·l·\44 
• ;J;)33;3 
• "13~i.:l3 
. oaao9 
.177/'8 
.04444 
.011000 
.044-14 

CUI-IULATlVE HIEORETICAL CUiiULATIV£ I:OLMOGOROV -OEISEIIVEJ> FREQUENCY TI~EORETICAL SMIRNOV FREQUENCY FREQliEUCY STATISTIC 
.04444 

I 02299 • 02298 .u::-;46 • 1:3:133 .11895 • 14194 • OOObll ,t'/nn ,1{!912 .27105 • 073::!8 .51111 It 7028 .44133 . 065''7:1 .6-1444 . 1 El20B .62341 .02104 .73333 1 1578/~ . 781<!7 I O··l7~"'3 .'11 111 .t10S'7 I E~ft224 , OIOFJ7 ,95556 .ot:.3a5 .95549 • 0000"7 . 9fi5r)6 . 02~123 . 9fi471 . 02'i'l~ 1.00000 .111095 .99566 . 0043.1 

TilE ICill.MOGCli!OV - SIHRUOV ST :.TISTIC = . 09328 

...... 
0 
1.0 



DRYING 

ORDERED DATI~ 

.050 . 083 .083 . 0~33 .083 .083 .083 .083 .083 . 083 . 083 .083 . 083 .083 .083 . 083 . 083 .083 . 100 .117 . 117 . 1 '17 r 133 .133 • "133 .133 '133 .133 .133 . 1 t)7 . 1 ,~7 .167 . 167 • 1 (J 7 .167 .167 .167 .167 . 167 .183 .250 .250 .250 .25() 1. 833 

••••• HISTOGRAM .,. •• * 
EAt~H ltf REPRESENTS 2. POINTS 

40 • 38 • 36 • 34 • 32 • 30 • 28 • 26 • 24 • 22 • 20 • 18 • 16 • 14 • 12 • 10 • 8 • 6 • 4 • • 2 • • Ole ----------------------------------------HUMBER 40 4 0 0 0 Q 0 0 0 1 
Ct.: ASS 

START .000 STOP !..900 51ZE OF INTERVAL C~LCULATED MEAH• .167~1 CPLCULATED VAR!AHC~· 

110 

.1900 
.06721 



***********•·································· 

H\'I'OTIIESIS STATEMENT 

NULL HYPOTHESIS,. POPULATION IS EXP WITH TRUE HEliN• ,1673 
F.l.J'ERNr.liVE ltYf'DlltESI::l" POf'lll ATION IS I~OT EXP WITH TRUE HEAN• .1673 

********************************************** llllr1BER OF OBSERVATIONS"' 45 

K01..110GOROV - S11IRNOV TEST 

CELLS 

~~ 

3 
4 .. .. 
6 
7 
n 
9 

to 

RF.NGE 
FROH 

.00000 

.22830 

.40660 

.58490 

. ~'6320 

. 94150 
1.11980 
1.2'181 0 
1.-\7640 
1,65470 

ll£lii~EES OF FREEDOM= 1 0 
TIIFTA= ,16731 '1172 

OBSERVED ODSERVED 
TO FREQUEI~CY 

.221JJO 40.00000 ,£18889 
.40660 4.00000 • 08889 
.5::1-l?O .00000 .000110 
.76320 ,00000 .00000 
.94150 .00000 .00000 

1. 11980 .00000 .ooooo 
1 .2'1310 ,00000 .ououo 
1.47640 .00000 .ooooo 
1. 65-\70 ,00000 .0110110 
1,83300 ,00000 .00000 

CUI11JLATIVE THEORETICAL CUMULATIVE KOLHOGOfiOV -
OBSERVED FREQUENCY T .. EORETICAL SHIRNOV 
FREQUEIICY FREQUEtiCY STr.TISTIC 

.88889 .74150 . 71450 .14-\39 
.97778 .16718 .91198 .065GO 
,9'7778 .05770 ,969C.B ,00810 
• 9'7776 ,01988 ,98955 .11117:3 
.9~·7~'8 .OOC.85 ,99640 • 01062 
.97778 .00236 .99876 .02091:1 
,9'7778 .00081 .99957 . 021£'10 
.97778 .00028 ,99985 .0220:3 
,97778 .011010 .99995 .02217 
.97778 .00003 .99998 .02220 

THE KOLI10GOROV - SliiRNOV STATISTIC "' ,14-\39 

;...... 
..... ..... 
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TONS/TRIP 

ORDERED DATA 

.257 .318 .329 . 3.\~7 • 38'1 

.410 .477 .5:33 .533 .540 
• 5!'53 . 5<;2 .588 .610 .659 
.685 .706 .709 . 7~~1 .739 
. 7{34 .764 .795 .804 .838 
.841 .841 .841 .869 .869 
.918 .948 .963 1 • 0 l 0 1.023 

1.051 1.059 1.063 1. 080 1.080 
1. 111 1. 124 1 .142 1. 142 1 .155 
1 .156 1 .172 1. 211 1 • 211 1. 2'11 
1 '216 1. 332 1.332 1. 332 1 '332 
1. 441 1. 441 1.442 1. 512 1.525 
1 '650 1 '682 '1 '6<.i'5 1. 6':?5 1 '746 
1. 756 1. 780 1.814 1.893 1. 913 
1. 920 2' 241 2.241 2.258 2.345 
2.345 2.400 2.416 2.457 2.521 
2.909 2.982 2.982 3' 00<? 3' 012 
3. 025 3. 025 

Mllllllll HISTOGRAM ..... 
13 ll 
12 ll 
11 ll ll 
10 ll ll ll 

'3 • • ll • 
8 • ll ll • 7 • ll • • ;t! .. 
6 • • • • ll ll ll 

5 ll ll • • ll ll • • ll • lll 

4 ll • • ll ll ll ~ • • • • 
3 • ll • • ll • • ll ll • • • 
2 • • ll • • • ll. • • • lll ;f 

1 • ll ll • !If ll • • • :.1l ll • • ------------------------------------------------------------HUMBER 5 7 10 11 13 9 5 5 s 0 3 5 1 Q 7 

CLASS 

START .200 STOP 3.100 SI'!E OF lHTE~VAL 1933 
CAi...CULATED lltEAH• 1.33738 CALCUl!iTEJ:I VARIANCE• .Sf:191 



~*NM~~-~*********************MMMMMMMMMMMMMMMMM 

HYPOTHESIS STATEMENT 

IIULL HYPOTHESIS•~ POPULATION IS G.;IIIIA WITII TRUE MEAN"' 1.3374 
.~L I"ERtlo'1fiVE IIYI'OTHESIG"- POPUL ATIOU 16 IWT GAMMA WITH TRUE MEAN"' t. 3374 

*»•••~«•••··············~··········~·········· WlliiiER OF OHSERVATIOIIS= 87 

I<OLMOGOROV - SMIRNOV TEST 

CELLS 

2 
3 
4 
5 
6 
7 
a 
9 

1 0 

FROM 

.00000 
• sJ:mo 
.BlflbO 

1.0B740 
1. 36"1:0:ll 
1 . 64100 
t .91'1'80 
2.194iJIJ 
2. 4~'140 
2.74020 

Rf,ll(;E 
TO 

.53Ji30 
. at o.;o 

1 . OU'/40 
1.36420 
1.641110 
1. 917:30 
2. 19•160 
2.47140 
2.74820 
3.02500 

~EGREES OF FREEDOM• 10 
l'oL.PIIA= 3.182927132 BETA• 

OBSERVEO 

9.00000 
15.000110 
16.00000 
15.00000 
~.00000 

10.00000 
1.00000 
a.ooooo 
1.00000 
7.00000 

.420165420 

OEISERVEIJ 
FREf~I.IEllCY 

.1113-15 
't ~'241 
. 1113?1 
• 17241 
.0~7-17 

. 1 14'l•l 
.Ill 'J.l? 
. 0'11 95 
.011-'19 
,Oi3046 

CUI1ULATIVE lHEORETICo1l CIJtlULt.l IVE 1\0L.MOGUROV -
Ol'lfjERVED FREQUENCY THEORETICAL SIHRIJOV 
ffiE:tiliiCNCY FIH!QUEUCY BTATISl IC 

. 10345 .01743 .111743 .08602 
.27506 ,24699 .26442 .01144 
.45977 . l ~9'73 .43414 . 02~·63 
.63218 .154::~1 .58'135 .0~303 

.69966 . 12405 • 'i'1320 . 023~;5 
,80460 .09367 .90638 .0022a 
.91609 • 06[.59 . (1'7346 . 05'737 
,90805 . 0 4~i·l6 .91093 . 01 f););:; 

.919~i-l .03009 .94901 .112917 
1. 00000 .01942 . 969·13 . 0.)157 

TilE 1\0UiOGOROV - f:H1lfWfJV ST.:.TJSllC ; • 08602 

...... 

...... 
w 



BREAKDOWN LENGTH 

ORDERED DATA 

. 006 • (} 06 .006 .007 1008 
.ooe 1009 1009 1009 1009 

I 009 ,009 1009 .0'10 .010 
.010 .010 .010 I 011 I 0 "11 
1012 .0"12 1012 1012 .012 
1012 .012 .013 10"13 1014 
. () 14 1014 1014 1014 1014 
.014 .015 .o1s .015 .015 
.0"16 .0'1? 1017 .020 .021 

..... HISTOGRAM JE!Illlel 

11 • 10 • 9 • • ::a 
8 ll ,. liE 
7 ll ;r, • & • • • 5 • * • • 4 • • • • • 3 • • • il • • 2 • • • • • • • 1 • • liE • llf • • • • ----------------------------------------HUMBER 4 9 5 9 2 11 3 0 1 1 

~LASS 

START • 01)6 STOP • 022 SIZE C'F INTERVAl. 
~ALCUL~TED MEAH• .01189 CALCULATED V~RIAHCE• 

114 

.0016 
.30001 



··~·~··~··•*********************************** 

HYPOTIJESIS STATEHEtiT 

NULL HYPOTHESIS= POPULATION IS NOfii'IAL Willi TRUE MEAN"' .11119 
AL.lERNriTIVE lli'POTIIEBI:i"' POPULATION IS HUT IIORM.;L Willi HW£. Hf..;U" • 0119 

•••••••••••••••••••••••••••••••••••••••••••••• NUMBER OF OBSERVATIOIIS• 45 

I<OL.MOGOROV - SHIRNOV TEST 

CEL. LS 

2 
3 
·I 
5 
6 
7 
u 
9 

1 0 

R,,w;E 
FRIJI1 

-·999. 99902 
. 00'750 
.00900 
.01050 
,01200 
,013511 
,01500 
.016511 
.OtEIOO 
.01950 

I>EGI~CES IJF FREEDOM= 10 

TO 

,00750 
.009110 
. 01 OtiO 
.01200 
.o1::;r,o 
,01500 
. 01c.~.o 
, 0 HIIIO 
.01950 
.02100 

MU• .011808800 SIGHA 2• 

OBSE:RVEO ODSERVI::Jl 
FREQUENCY 

4.00000 .OUBB9 
<;'.00000 .200110 
5.00000 .11111 
9.00000 .20000 
2.00000 . 044-\4 

11,00000 .24444 
1.00000 .0~222 
;~.0111100 ,IJ..l-14·1 

.00000 .ouono 
2.00000 .O+H4 

. 0000119<..5 

CUMULAliVE THEORETIC.;L Clii1ULA Tl VE I<Ol..HOGrJROV -
OfiSERVED fREQUENCY mEORETICAL SMIRNOV 
FREt!llfNCY F REO,UEJK \' Sli'.TISTIC 

, OBBB9 .04433 .04433 . 04-l~i6 
.213af:l9 .15740 .20181 .OG71lU 
.4()0110 .l-\221 .34402 . c•r'~''lB ,60000 • 160130 .512131 .08719 
. 6444-l .16650 ,67931 . 03407 
. 6::11~6'1 . 13,;4:1 .61579 .07310 
. 91111 .0?276 ,90875 .00236 
.95556 .052b2 ,9<'>136 • 0 il::i8l 
.95~5t:. • 02~'75 . '18611 .03055 

1.00000 .OO'Ji>7 .995'78 . 004:''2 

TilE KOLMOGOROV - SHIRIIOV STATISTIC " . 08719 

..... ..... 
Ul 



APPENDIX B 

PRESENT SYSTEM SLAM ATTRIBUTES, 

LISTING, AND NETWORK 

116 



Attribute 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

ATTRIBUTE DESCRIPTION OF PRESENT SYSTEM 

Description 

Type of Operation 
Caustic Dipping 
Cold Water Dipping 
Acid Dipping 
Acid Soak 
Hot Water Dipping 
Phosphate Dipping 
Neutralizer Dipping 
Soap Dipping 
Drying 
Breakdown Time 
Breakdown Length 
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Time an Entity Starts in the System 
Tons/Trip 



1 GEN,J. R. LEWIS,TANKS,1/04/84,10; 
2 LIMITS,?,14,100; 
3 INIT,0,360; 
4 INTLC,XX(1)=0; 
5 INTLC,XX(2)=0: 
6 TIMST,XX(1),NUMBER IN SYS. 1; 
7 TIMST,XX(2),NUMBER OF BRKDWNS.; 
8 TIMST,XX(3),TON OUTPUT,; 
9 NETWORK; 

10 GATE/CR1,0PEN,1; 
11 CREATE; 
12 ST GOON,1; 
13 ACT,, .89,LUB; 
14 ACT,, .043,PHO; 
15 ACT,,.067,TRI; 
16 LUB ASSIGN,ATRIB(1)=1; 
17 ACT,,, TAN; 
18 PHO ASSIGN,ATRIB(1)=2; 
19 ACT,,,TAN; 
20 TRI ASSIGN,ATRIB(1)•3; 
21 ACT,,,TAN; 
22 TAN ASSIGN,ATRIB(2)=2*RNORM(.014, .0035,1); 
23 ASSIGN,ATRIB(3)=RNORM(.0119,.0035,2); 
24 ASSIGN,ATRIB(4)=2*RNORM(.0139, .0034,3); 
25 ASSIGN,ATRIB(5)=RNORM(.1989, .0406,4); 
26 ASSIGN,ATRIB(6)=RNORM(.012,.0034,5); 
27 ASSIGN,ATRIB(7)=2*RNORM(.0145,.0048,6); 
28 ASSIGN,ATRIB(8)=RNORM(.0159,.00384,7); 
29 ASSIGN,ATRIB(9)=2*RNORM( .0139, .00346,8); 
30 ASSIGN,ATRIB(10)=EXPON(.1673,9); 
31 ASSIGN,ATRIB(13)=TNOW; 
32 ASSIGN,ATRIB(14)=GAMMA(.42017,3.18293,5); 
33 ACT; 
34 GOON; 
35 ACT, .198+ATRIB(2); CAUSTIC DIP AND SOAK 
36 AWAIT,CR1; 
37 ACT, .00083+ATRIB(3); COLO WATER RINSE 
38 AWAIT,CR1; 
39 ACT, .00125+ATRIB(4)+ATRIB(5); ACID DIP AND SOAK 
40 AWAIT,CR1; 
41 ACT, .00125+ATRIB(3); COLD WATER RINSE 
42 AWAIT,CR1; 
43 ACT,.005+ATRIB(6); HOT WATER RINSE 
44 AWAIT,CR1,1; 
45 ACT,,ATRIB(1).EQ.3,T; 
46 ACT,.0852+ATRIB(7); PHOSPHATE 
47 AWAIT,CR1; 
48 ACT, .0019+ATRIB(3); COLD WATER RINSE 
49 AWAIT,CR1,1; 
50 ACT,,ATRI8(1).EQ.2,P; 
51 ACT, .0006+ATRIB(8); NEUTRALIZER 
52 AWAIT,CR1; 
53 ACT, .085+ATRIB(9),,DRV; SOAP 
54 T GOON; 
55 ACT,.0058,,0RY; TRICK 
56 P GOON; 
57 ACT, .0021, ,DRY; PHOSPHATE 
58 DRY AWAIT,CR1; 
59 ACT, .04; 
60 AWAIT,CR1,2; 
61 ACT,,,EN; 
62 ACT,.0158; 
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63 
64 
65 
66 EN 
67 
68 
69 
70 
71 
72 
73 SH 
74 
75 
76 GO 
77 
78 DN 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 E 
89 
90 
91 
92 FIN; 

AWAIT. CR1; 
COLCT,INT(13),TANK TIME,15/.5/.1; 
ACT,., ST; 
GOON; 
ACT ,ATRIB( 10); 
~OICT,INT(13),TOTAL TIME.15/.5/.1; 
ASSIGN.XX(1) 2 XX(1)+1; 
ASSIGN, XX(3)aXX(3)+ATRIB(14); 
TERM; 
CREATE; NETWORK TO RUN BREAKDOWNS 
GOON, 1; 
ACT.,. 83,GD; 
ACT,, .17,0N; DETERMINE IF BRKDWN OCCURS 
GOON; 
ACT, 12,, SH; 
ASSIGN,ATRIB(11)2UNFRM(0,12,10); 
ASSIGN,ATRIB(12)•EXPON(1.023,9); 
ASSIGN,XX(2) 2XX(2)+1,1; 
ACT,ATRIB(11); 
CLOSE,CR1; 
GOON, 1; 
ACT,,ATRIB(11)+ATRIB(12).GT.12,E; 
ACT,ATRIB(12); 
OPEN,CR1; 
ACT,12-ATRIB(11)-ATRIB(12),,SH; 
GOON; 
OPEN,CR1; • 
ACT,, ,SH; 
END; 
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APPENDIX C 

TWO CRANE ONE OPERATOR SLAM ATTRIBUTES, 

LISTING, AND NETWORK 

129 



Attribute 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
29 
30 

ATTRIBUTE DESCRIPTION OF TWO CRANE 
ONE OPERATOR MODEL 

Description 

Type of Operation, Crane 1 
Caustic Dipping, Crane 1 
Cold Water Dipping, Crane 1 
Acid Dipping, Crane 1 
Acid Soak, Crane 1 
Hot Water Dipping, Crane 1 
Phosphate Dipping, Crane 1 
Neutralizer Dipping, Crane 1 
Soap Dipping, Crane 1 
Drying, Crane 1 
Breakdown Time, Crane 1 
Breakdown Length, Crane 1 
Type of Operation, Crane 2 
Caustic Dipping, Crane 2 
Cold Water Dipping, Crane 2 
Acid Dipping, Crane 2 
Acid Soak, Crane 2 
Hot Water Dipping, Crane 2 
Phosphate Dipping, Crane 2 
Neutralizer Dipping, Crane 2 
Soap Dipping, Crane 2 
Drying, Crane 2 
Breakdown Time, Crane 2 
Breakdown Length, Crane 2 
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Time Entity Starts in System, Crane 1 
Time Entity Starts in System, Crane 2 
Tons/Trip, Crane 1 
Tons/Trip, Crane 2 



1 GEN,J. R. LEWIS,TANKS,1/04/84,10; 
2 LIMITS,11,30,10: 
3 INIT,0,360; 
4 INTLC,XX(1)=0; 
5 INTLC,XX(2)=0; 
6 INTLC,XX(3)=0; 
7 TIMST,XX(1),NUMBER IN S"r"S. 1; 
8 TIMST.XX(2),NUMBER OF BRKDWNS.; 
9 TIMST,XX(3),NUMBER OF BRKDWNS IN SYS 2; 10 TIMST,XX(4),TON OUTPUT; 

11 NETWORK; 
12 GATE/CR1,0PEN,1; 
13 GATE/CR2,0PEN,2; 
14 GATE/MOV,CLOSE.3; 
15 GATE/SC2,CLOSE,4; 
16 GATE/C2.0PEN,5; 
17 GATE/P2,0PEN,6; 
18 GATE/S02.0PEN,7; 
19 GATE/SC1,0PEN,8; 
20 GATE/ACID.OPEN,9; 
21 GATE/PAS1,0PEN,10; 
22 GATE/PAS2,0PEN,11; 
23 CREATE: 
24 ST GOON,1; 
25 ACT,, .89.LUB; 
26 ACT .•. 043,PHO; 
27 ACT., .067,TRI: 
28 LUB ASSIGN,ATRIB( 1)=1; 
29 ACT,,,TAN: 
30 PHO ASSIGN,ATRIB(1)=2; 

TRI 
ACT,,, TAN; 
ASSIGN,ATRIB(1)=3; 
ACT,, ,TAN: 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 

TAN ASSIGN,ATRIB(2)=2*RNORM(.014,.0035,1); 
ASSIGN,ATRI8(3)=RNORM(.0119, .0035,2); 
ASSIGN,ATRIB(4)=2*RNORM(.0139,.0034,3); 
ASSIGN,ATRIB(5)=RNORM(.1989,.0406,4); 
ASSIGN,ATRIB(6)=RNORM(.012, .0034,5); 
ASSIGN,ATRI8(7)=2*RNORM(.0145, .0048,6); 
ASSIGN,ATRI8(8)=RNORM( .0159, .00384,7); 
ASSIGN,ATRIB(9)=2*RNORM(.0139, .00346,8): 
ASSIGN,ATRIB(10)=EXPON(.1673,9); 
ASSIGN,ATRI8(25)=TNOW; 
ASSIGN,ATRIB(29)=GAMMA(.42017,3.18293,5): 
AWAIT, SC1; 
ACT; 
CLOSE,SC2; 
ACT,. 114+ATRIB( 2); 
AWAIT,CR1; 
OPEN,SC2; 
CLOSE,C2: 
ACT, .083; 
AWAIT ,CR1: 
AWAIT, SC 1: 
CLOSE,SC2: 
OPEN,C2; 
ACT, .00083+ATRIB(3); 
AWAIT,CR1; 
ACT, .00125+ATRIB(4); 
OPEN,SC2; 
CLOSE,ACID; 
ACT,ATRIB(5); 

CAUSTIC SOAK 

COLD WATER RINSE 

ACID DIP AND SOAK 
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63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 T 
96 
97 
98 
99 

100 p 
101 
102 
103 
104 
105 DRY 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 EN 
125 
126 
127 OUT 
128 

AWAIT, SC1: 
CLOSE,SC2: 
AWAIT ,CR1: 
ACT,.00125+AT~IB(3): COLD WATER RINSE 
AWAIT,CR1; 
ACT, .005+ATRIB(6); HOT WATER RINSE 
OPEN,ACID; 
CLOSE,PAS1; 
AWAIT,CR1,1; 
ACT,,ATRIB(1).EQ.3,T: 
ACT,.0019+ATRIB(7); 
AWAIT ,CR1; 
OPEN,SC2; 
CLOSE,P2; 
ACT, .083; PHOSPHATE SOAK 
AWAIT ,CR1; 
OPEN,P2; 
AWAIT, SC1; 
CLOSE,SC2; 
ACT,.0019+ATRIB(3): COLD WATER RINSE 
CLOSE,PAS2; 
AWAIT ,CR1, 1; 
ACT,,ATRIB(1).EQ.2,P; 
ACT,.0006+ATRIB(8); NEUTRALIZER 
AWAIT,CR1; 
ACT,.0017+ATRIB(9); SOAP 
AWAIT ,CR1; 
OPEN,SC2: 
CLOSE,S02; 
4CT,.083; SOAP SOAK 
AWAIT,CR1; 
ACT,, ,DRY; 
GOON; 
ACT,.0058; TRICK 
AWAIT ,CR1; 
OPEN,SC2; 
ACT,, ,DRY: 
GOON; 
ACT,.0021: PHOSPHATE 
AWAIT,CR1; 
OPEN,SC2; 
ACT,, ,DRY; 
GOON: 
OPEN,PAS1; 
OPEN,PAS2: 
ACT, .04; 
AWAIT, CR1; 
OPEN,S02; 
AWAIT ,SC1: 
CLOSE,SC2: 
OPEN,SC2; 
COLCT,INT(25),TANK TIME SYS 1,15/.5/.1: 
GOON,2; 
ACT,,,EN; 
ACT; 
AWAIT,MOV; 
CLOSE,SC2; 
CLOSE,MOV; 
ACT, .0158; 
AWAIT ,CR1: 
ACT,,, ST: 
GOON: 
ACT, ATRIB( 10): 
COLCT,INT(25),TOTAL TIME SYS 1,15/.5/.1: 
ASSIGN,XX(1)•XX~~)~~; 
ASSIGN,XX(4)•XX(4)+ATRIB(29)+ATRIB(30): 
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129 
130 
131 SH 
132 
133 
134 GO 
135 
136 ON 
137 
138 
139 
140 
141 
142 
143 
144 
145 ST2 
146 
147 
148 
149 LU2 
150 
151 PH2 
152 
153 TR2 
154 
155 TA2 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 

TERM; 
CREATE; NETWORK TO RUN BREAKDOWNS 
GOON,1; 
ACT,,.83,GD; 
ACT,,.17,DN; DETERMINE IF BRKOWN OCCURS 
GOON; 
ACT,12.,SH; 
A~SIGN,ATRIB(11)=UNFRM(0,12,10); 
ASSIGN,ATRIB(12)•EXPON(1.023,9); 
ASSIGN,XX(2)•XX(2)+1,1; 
ACT,ATRIB(11); 
CLOSE,CR1; 
ACT ,ATRIB( 12); 
OPEN,CR1; 
ACT,12-ATRIB(11)-ATRIB(12),,SH; 
CREATE; 
GOON, 1; 
ACT,,.89,LU2; 
ACT.,.043,PH2; 
ACT,, .067, TR2; 
ASSIGN,ATRIB(13)•1; 
ACT,,,TA2; 
ASSIGN,ATRIB(13)•2; 
ACT,,,TA2; 
ASSIGN,ATRIB(13)•3; 
ACT,,,TA2; 
ASSIGN,ATRIB(14)•2*RNORM(.014,.0035,1); 
ASSIGN,ATRIB(15)•RNORM(.0119,.0035,2); 
ASSIGN,ATRIB(16)•2*RNORM(.0139, .0034,3); 
ASSIGN,ATRIB( 17)=-RNORM( .1989, .0406,4); 
ASSIGN,ATRIB(18)•RNORM(.012,.0034,5); 
ASSIGN,ATRIB(19)•2*RNORM(.0145, .0048,6); 
ASSIGN,ATRIB(20)=-RNORM(.0159,.00384,7); 
ASSIGN,ATRIB(21)•2*RNORM(.0139, .00346,8); 
ASSIGN,ATRIB(22)•EXPON(.1673,9); 
ASSIGN,ATRIB(26)•TNOW; 
ASSIGN,ATRIB(30)•GAMMA(.42017,3.18293,5); 
AWAIT, SC2; 
CLOSE, SC1; 
ACT, . 114; 
AWAIT,CR2; 
OPEN, SC 1; 
AWAIT,C2; 
AWAIT,SC2; 
CLOSE, SC 1; 
ACT ,ATRIB' 14); 
GOON; 
ACT,.083; CAUSTIC 
OPEN, SC1; 
AWAIT,CR2; 
AWAIT,ACID; 
AWAIT,SC2; 
CLOSE,SC1; 
ACT,.00083+ATRIB(15); COLD WATER RINSE 
AWAIT ,CR2; 
ACT,.00125+ATRIB(16); ACID DIP AND SOAK 
OPEN, SC1; 
ACT,ATRIB(17); 
AWAIT,SC2; 
CLOSE,SC1; 
AWAIT,CR2; 
ACT,.00125+ATRIB(15); COLD WATER RINSE 
AWAIT ,CR2; 
ACT, .OOS+ATRIB(18); HOT WATER RINSE 
AWAIT,CR2,1; 
ACT,,ATRIB(13).EQ.3,T2; 
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195 ACT; 
196 AWAIT,P2; 
197 AWAIT, SC2; 
198 CLOSE, SC1: 
199 ACT, .0019+ATRIB(19); PHOSPHATE 
200 AwAIT ,CR2; 
201 OPEN,SC1; 
202 ACT, .083; PHOSPHATE SOAK 
203 AWAIT ,CR2; 
204 AWAIT,SC2; 
205 CLOSE, SC1: 
206 ACT,.0019+ATRIB(15): COLO WATER RINSE 
207 AWAIT ,CR2, 1; 
208 ACT,,ATRIB(13).EQ.2,PP; 
209 ACT', .0006+ATRIB(20): NEUTRAL! ZER 
210 OPEN,SC1: 
211 AWAIT,CR2; 
212 AWAIT, S02; 
213 AWAIT,SC2; 
214 CLOSE,SC1; 
215 ACT, .0017+ATRIB(21); SOAP 
216 AWAIT,CR2; 
217 OPEN, SC1: 
218 ACT, .083; SOAP SOAK 
219 AWAIT,CR2; 
220 ACT,, ,DR2; 
221 T2 GOON; 
222 OPEN, SC1: 
223 AWAIT, PAS 1: 
224 AWAIT,SC2; 
225 CLOSE,SC1: 
226 ACT, .0058; TRICK 
227 AWAIT,CR2; 
228 OPEN, SC1: 
229 ACT,, ,DR2; 
230 pp GOON; 
231 OPEN,SC1: 
232 AWAIT,PAS2; 
233 AWAIT,SC2; 
234 CLOSE, SC1: 
235 ACT, .0021; PHOSPHATE 
236 AWAIT ,CR2; 
237 OPEN. SC1; 
238 ACT,, ,DR2; 
239 DR2 GOON; 
240 AWAIT, SC2; 
241 CLOSE,SC1; 
242 ACT, .04; 
243 AWAIT,CR2; 
244 OPEN,SC1; 
245 COLCT,INT(26),TANK TIME SYS 2,15/.5/.1; 
246 GOON,2; 
247 ACT,,,E2; 
248 ACT; 
249 OPEN,MOV; 
250 ACT,,,ST2; 
251 E2 GOON; 
252 ACT,ATRIB(22); 
253 COLCT,INT(26),TOTAL TIME SYS 2,15/.5/.1; 
254 ACT,, ,OUT; 
255 CREATE; NETWORK TO RUN BREAKDOWNS 
256 SH2 GOON, 1; 
257 ACT,,. 83 ,GD2; 
258 ACT , , . 17 , DN2 ; DETERMINE IF BRKDWN OCCURS 
259 GD2 GOON; 
260 ACT, 12, , SH2; 



261 DN2 
262 
263 
264 
265 
266 
267 
268 
269 
270 FIN: 

ASSIGN,ATRIB(27)=UNFRM(0,12,10); 
ASSIGN,ATRIB(28)=EXPON( 1·.023,9); 
ASSIGN,XX(3)=XX(3)+1,1; 
ACT,ATRIB(27); 
CLOSE,CR2; 
ACT,ATRIB(28); 
OPEN,CR2; 
ACT,12-ATRIB(27)-ATRIB(28),,SH2; 
END; 
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CRl OPEN 1 

CR2 OPEN 2 

~IOV CLOSE 3 
SC2 CJ.OSE 4 I 
C2 OPEN 5 l 
P2 OI'EN 6 l 

soz OPEN 

SCl OPEN 

ACID OPEN 

PASl OPEN 

PAS2 OPEN 

7 -~ 

8 l 
9 

10 

11 

ATRIB(l4)=2*RNORM(.014,.003S,l) 
ATRIB (15) =llNORM(. 0119,. 0035, 2) 
ATRIB (16) =Z*RNORM( .0139,. 0034, 3) 
ATRIB (17}=RNORM(. 1989,. 0406,4) 

I -1 A 

..... 
w 
0\ 



ATil!B (6) =RNORM(. 012,. OQ34, 5) 1\ 
'l ATillB( 7) =Z*RNORM( .0145,. 0048 ,6) \ ' , ATRIB(8) RNORMl.0159,.00384,7) 1 

ATillB (9) =2* RNOR~I(. 0139,. 00 346, 8) IJ 

ATRl B( 18) -RNORM( .012,. 0034, 5) r-, 

' ATRIB(l9J;2*RNORM(.014S,.0048,6) 
I .. 

ATRIB(20);RNORM(.0159,.00384,7) 1 

AT RIB ( 21} =2* RNOR~I(. 0139,. 00 346, 8) I 

ATRIB(l0)-EXPON(.1673,9) 

"' ATRIB(25)=TNOW h I .....-f 
ATIHB(29)-GAMMA( .42017,3.1829 ,5) l..1 

ATRIB(22}=EXPON(.l673,9) "' ATRI B ( Zti) -TNOW 1 I 
ATRIB(30)=GAMMA(.42017,3.1829,S) 

----------------~---~ 
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APPENDIX D 

TWO CRANE TWO OPERATOR SLAM ATTRIBUTES, 

LISTING, AND NETWORK 
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Attribute 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

ATTRIBUTE DESCRIPTION OF TWO CRANE 
TWO OPERATOR MODEL 

Description 

Type of Operation 
Caustic Dipping 
Cold Water Dipping 
Acid Dipping 
Acid Soak 
Hot Water Dipping 
Phosphate Dipping 
Neutralizer Dipping 
Soap Dipping 
Drying 
Breakdown Time, Crane 1 
Breakdown Length, Crane 1 
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Time an Entity Starts in the System 
Breakdown Time, Crane 2 
Breakdown Length, Crane 2 
Tons/Trip 



1 GEN,u. R. LEWIS,TANKS,1/04/84,10; 
2 LIMITS,4.16,10; 
3 !NIT ,o·, 360; 
4 INTLC,XX(1)=0; 
5 INTLC,XX(2)=0; 
6 INTLC,XX(3)=0; 
1 TIMST,XX(1),NUMBER IN SYS. 1; 
8 TIMST,XX(2),NUMBER OF BRKDWNS.; 
9 TIMST,XX(3),NUMBER OF BRKDOWNS 2; 

10 TIMST,XX(4).TON OUTPUT; 
11 NETWORK; 
12 RESOURCE/WC1,2; 
13 RESOURCE/WC2,3; 
14 GATE/CR1,0PEN,1; 
15 GATE/CR2,0PEN,4; 
16 CREATE; 
17 ST GOON,1; 
18 ACT,, .89,LUB; 
19 ACT,, .043,PHO; 
20 ACT,,.067,TRI; 
21 LUB ASSIGN,ATRIB(1)=1; 
22 ACT,,.TAN; 
23 PHO ASSIGN,ATRIB(1)=2; 
24 ACT,,.TAN; 
25 TRI ASSIGN,ATRIB(1)~3: 
26 ACT,.,TAN; 
27 TAN ASSIGN,ATRIB(2)~2*RNORM(.014, .0035,1); 
28 ASSIGN,ATRI8(3)=RNORM(.0119, .0035,2); 
29 ASSIGN,ATRIB(4)=2*RNORM(.0139,.0034,3); 
30 ASSIGN,ATRIB(5)=RNORM(.1989,.0406,4); 
31 ASSIGN,ATRIB(G)=RNORM(.012,.0034,5); 
32 ASSIGN,ATRIB(7)=2*RNORM(.0145, .0048,6); 
33 ASSIGN,ATRIB(8)=RNORM(.0159, .00384,7); 
34 ASSIGN,ATRIB(9)=2*RNORM(.0139, .00346,8); 
35 ASSIGN,ATRIB(10)=EXPON(.1673,9); 
36 ASSIGN,ATRIB(13)sTNOW; 
37 ASSIGN,ATRIB(16)=GAMMA(.42017,3.18293,5); 
38 ACT; . 
39 GOON; 
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40 ACT, .198+ATRIB(2); CAUSTIC DIP ANO SOAK 
41 AWAIT.CR1; 
42 ACT, .00083+ATRIB(3); COLD WATER RINSE 
43 AWAIT,CR1; 
44 ACT, .00125+ATRIB(4)+ATRIB(5); ACID DIP AND SOAK 
45 AWAIT,CR1; 
46 ACT, .00125+ATRIB(3); COLD WATER RINSE 
47 AWAIT,CR1; 
48 AWAIT,WC1; 
49 ACT, .033; 
50 GOON,2; 
51 ACT, .00871,.ST; 
52 ACT; 
53 AWAIT,WC2; 
54 ACT, .033+.005+ATRIB(6); 
55 FREE,WC1; 
56 AWAIT,CR2,1; 
57 ACT,,ATRIB(3).EQ.3,T; 
58 ACT, .0852+ATRIB(7); PHOSPHATE 
59 AWAIT,CR2; 
60 ACT, .0019+ATRIB(3); COLD WATER RINSE 
61 AWAIT,CR2.1; 
62 ACT,,ATRIB(1).EQ.2,P; 
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63 ACT,.0006+ATRIB(8); NEUTRALIZER 
64 AWAIT,CR2; 
65 ACT, .085+ATRIB(9), ,DRY: SOAP 
66 T GOON; 
67 ACT , . 0058 , , DRY ; TRICK 
68 p GOON; 
69 ACT, . 002 1 , , DRY ; PHOSPHATE 
70 ORY AWAIT ,CR2; 
71 ACT, .04; 
72 AWAIT,CR2,2; 
73 ACT,,, EN; 
74 ACT, .0158; 
75 AWAIT,CR2; 
76 COLCT,INT(13),TANK TIME, 15/ o 5/ o 1; 
77 ACT, .0158; 
78 FREE,WC2; 
79 TERM; 
so EN GOON; 
81 ACT ,ATRIB( 10); 
82 COLCT,INT(13),TOTAL TIME,15/.5/.1; 
83 ASSIGN,XX(1)•XX(1)+1; 
84 ASSIGN,XX(4)•XX(4)+ATRIB(16); 
85 TERM; 
86 CREATE; NETWORK TO RUN BREAKDOWNS 
87 SH GOON,1; 
88 ACT,, .83,GD; 
89 ACT,,. 17 ,ON; DETERMINE IF BRKOWN OCCURS 
90 GO GOON; 
91 ACT, 12,, SH; 
92 ON ASSIGN,ATRIB(11)•UNFRM(0,12,10); 
93 ASSIGN,ATRIB(12)•EXPON(1.023,9); 
94 ASSIGN,XX(2)~XX(2)+1,1; 
95 ACT, ATRIB( 11); 
96 CLOSE,CR1; 
97 ACT,,ATRIB(11)+ATRIB(12).GT.1,.E; 
98 ACT ,ATRIB( 12); 
99 OPEN,CR1; 

100 ACT,12-ATRIB(11)-ATRIB(12),,SH; 
101 E GOON; 
102 OPEN,CR1; 
103 ACT,, ,SH; 
104 CREATE; NETWORK TO RUN BREAKDOWNS 
105 SH2 GOON, 1; 
106 ACT, , . 83, G02; 
107 ACT,,. 17 ,ON2; DETERMINE IF BRKOWN OCCURS 
108 G02 GOON; 
109 ACT , 12, , SH2; 
110 ON2 ASSIGN,ATRIB(14)=UNFRM(0,12,10); 
111 ASSIGN,ATRIB(15)=EXPON(1.023,9); 
112 ASSIGN,XX(3)•XX(3)+1,1; 
113 ACT,ATRIB(14); 
114 CLOSE,CR2; 
115 ACT,,ATRIB(14)+ATRIB(15).GT.12,EE; 
116 ACT ,ATRIB( 15); 
117 OPEN,CR2; 
118 ACT,12-ATRIB(14)-ATRIB(15),,SH2; 
119 EE GOON; 
120 OPEN,CR2; 
121 ACT,, ,SH; 
122 END; 
123 FIN; 
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APPENDIX E 

OUTPUT OF PRESENT SYSTEM MODEL 
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TANK TIME 
TOTAL TIME 

NUMBER IN SYS. 1 
NUMBER OF BRKDWN 
TON OUTPUT 

FILE ASSOCIATED 
NUMBER NODE TYPE 

1 AWAIT 
2 
3 CALENDAR 

MEAN 
'{ALUE 

0.8124E+OO 
0.9637E+OO 

MEAN 
VALUE 

0.2209E+03 
0.3076E+01 
0.2985E+03 

AVERAGE 
LENGTH 

0.0024 
0.0000 
2.2023 

S L A M S U M M A R Y R E P 0 R T 

SIMULATION PRO~ECT TANKS 

DATE 1/ 4/1984 

BY ~. R. LEWIS 

RUN NUMBER OF 10 

CURRENT TIME 0.3600E+03 
STATISTICAL ARRAYS CLEARED AT TIME O.OOOOE+OO 

**STATISTICS FOR VARIABLES BASED ON OBSERVATION** 

STANDARD 
DEVIATION 

0.6126E-01 
0. 1812E+OO 

COEFF. OF 
VARIATION 

0.7541E-01 
0.1880E+OO 

MINIMUM 
VALUE 

0.6025E+OO 
0.6467E+OO 

MAXIMUM 
VALUE 

0. 1336E+01 
0.2792E+01 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 

STANDARD MINIMUM MAXIMUM TIME 
DEVIATION VALUE VALUE INTERVAL 

0. 1280E+03 O.OOOOE+OO 0.4420E+03 0.3600E+03 
0. 1244E+01 O.OOOOE+OO 0.5000E+01 0.3600E+03 
0. 1687E+03 O.OOOOE+OO 0.5890E+03 0.3600E+03 

**FILE STATISTICS** 

STANDARD MAXIMUM CURRENT AVERAGE 
DEVIATION LENGTH LENGTH WAITING TIME 

0.0490 1 0 0.0002 
0.0000 0 0 0.0000 
0.4130 4 3 0.1041 

NUMBER OF 
OBSERVATIONS 

443 
442 

CURRENT 
VALUE 

0.4420E+03 
0.5000E+01 
0.5890E+03 

**GATE STATISTICS** 

GATE GATE CURREN~ PCT. OF 
NUMBER LABEL STATUS TIME OPEN 

CR1 OPEN 0.9965 

..... 
0\ 
co 



S L A M S U M M A R Y R E P 0 R T 

SIMULATION PRO.JECT TANKS 

DATE 1/ 4/1984 

BY .J. R. LEWIS 

TANK TIME 
TOTAL TIME 

NUMBER IN SYS. 1 
NUMBER OF BRKDWN 
TON OUTPUT 

MEAN 
VALUE 

0.8228E+OO 
0.9757E+OO 

MEAN 
VALUE 

0.2182E+03 
0. 1900E+01 
0.2956E-t03 

RUN NUMBER 

CURRENT TIME 0.3600E+03 
STATISTICAL ARRAYS CLEARED AT TIME O.OOOOE+OO 

**STATISTICS FOR VARIABLES BASED ON OBSERVATION** 

STANDARD 
DEVIATION 

0. 1782E+OO 
0. 1959E+OO 

COEFF. OF 
VARIATION 

0.2166E+OO 
0.2008E+OO 

MINIMUM 
VALUE 

0.6231E+OO 
0.7017E+OO 

MAXIMUM 
VALUE 

0.3733E+01 
0.2656E+01 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 

STANDARD MINIMUM MAXIMUM TIME 
DEVIATION VALUE VALUE INTERVAL 

0. 1275E+03 O.OOOOE+OO 0.4370E+03 0.3600E+03 
0. 1012E+01 O.OOOOE+OO 0.4000E+01 0.3600E+03 
0. 1746E+03 O.OOOOE+OO 0.5997E+03 0.3600E+03 

**FILE STATISTICS** 

FILE ASSOCIATED AVERAGE STANDARD MAXIMUM CURRENT AVERAGE 
NUMBER 

1 
2 
3 

GATE 
NUMBER 

NODE TYPE LENGTH DEVIATION 

AWAIT 0.0172 0. 1301 
0.0000 0.0000 

CALENDAR 2. 1950 0.4422 

**GATE STATISTICS** 

GATE 
LABEL 

CR1 

CURRENT rPCT. OF 
STATUS TIME OPEN 

OPEN 0.9821 

LENGTH LENGTH WAITING TIME 

1 0 0.0013 
0 0 0.0000 
4 2 0. 1051 

2 OF 10 

NUMBER OF 
OBSERVATIONS 

437 
437 

CURRENT 
VALUE 

0.4370E+03 
0.4000E+01 
0.5997E+03 

..... 
~ 
\0 



TANK TIME 
TOTAL TIME 

NUMBER IN SYS. 1 
NUMBER OF BRKDWN 
TON OUTPUT 

FILE ASSOCIATED 
NUMBER NODE TYPE 

1 AWAIT 
2 
3 CALENDAR 

MEAN 
VALUE 

0.8303E+OO 
0.9622E+OO 

MEAN 
VALUE 

0.2182E+03 
0. 1933E+01 
0.2752E+03 

AVERAGE 
LENGTH 

0.0304 
0.0000 
2. 1467 

S L A M S U M M A R Y R E P 0 R T 

SIMULATION PROJECT TANKS BY J. R. LEWIS 
DATE 1/ 4/1984 RUN NUMBER 

CURRENT TIME 0.3600E+03 
SIAl lSI l<;AL ARRA'tS CLEAREIJ AJ TIME O.OOOOE+OO 

**STATISTICS FOR VARIABLES BASED ON OBSERVATION** 
STANDARD 
DEVIATION 

0.2452E+OO 
0.2777E+OO 

COEFF. OF 
VARIATION 

0.2953E+OO 
0.288GE+OO 

MINIMUM 
VALUE 

0.6283E+OO 
O.G746E+OO 

M4XIMUM 
VALUE 

0.3793E+01 
0.3828E+01 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 
STANDARD MINIMUM MAXIMUM TIME DEVIATION VALUE VALUE INTERVAL 

0. 1247E+03 O.OOOOE+OO 0.4330E+03 0.3600E+03 0. 1482E+01 O.OOOOE+OO 0.5000E+01 0.3600E+03 0. 1573E+03 O.OOOOE+OO 0.5576E+03 0.3600E+03 

**FILE STATISTICS** 

STANDARD MAXIMUM CURRENT AVERAGE DEVIATION LENGTH LENGTH WAITING TIME 
0.1716 1 0 0.0023 0.0000 0 0 0.0000 0.4337 3 2 0. 1037 

3 OF 10 

NUMBER OF 
OBSERVATIONS 

433 
433 

CURRENT 
VALUE 

0.4330E+03 
0.5000E+01 
0.557GE+03 

**GATE STATISTICS** 

GATE 
NUMBER 

GATE 
LABEL 

CR1 

CURRENT 
STATUS 

OPEN 

PCT. OF 
TIME OPEN 

0.9687 
..... 
-...1 
0 



S L A M S U M M A R V R E P 0 R T 

SIMULATION PROJECT TANKS BY J. R. LEWIS 

TANK TIME 
TOTAL TIME 

NUMBER IN SYS. 1 
NUMBER OF BRKDWN 
TON OUTPUT 

MEAN 
VALUE 

0.8107E+OO 
0.9413E+OO 

MEAN 
VALUE 

0.2223E+03 
0. 2772E+01 
0.3f08E+03 

FILE ASSOCIATED AVERAGE 
NUMBER NODE TYPE LENGTI-i 

1 AWAIT 0.0080 
2 0.0000 
3 CALENDAR 2. 1716 

**GATE STATISTICS** 

DATE 1/ 4/1984 RUN NUMBER 

CURRENT TIME 0.3600E+03 
STATISTICAL ARRAYS CLEARED AT TIME O.OOOOE+OO 

**STATISTICS FOR VARIABLES BASED ON OBSERVATION** 

STANDARD 
DEVIATION 

0. 1099E+OO 
0. 1804E+OO 

COEFF. OF 
VARIATION 

0. 1356E+OO 
0. 1916E+OO 

MINIMUM 
VALUE 

0.6395E+OO 
0.6375E+OO 

MAXIMUM 
VALUE 

0.2559E+01 
0. 2554E+01 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 

STANDARD MINIMUM MAXIMUM TIME 
DEVIATION VALUE VALUE INTERVAL 

0.1281E+03 O.OOOOE+OO 0.4430E+03 0.3600E+03 
0.2050E+01 O.OOOOE+OO 0.7000E+01 0.3600E+03 
0. 1779E+03 O.OOOOE+OO 0.6217E+03 0.3600E+03 

**FILE STATISTICS** 

STANDARD MAXIMUM CURRENT AVERAGE 
DEVIATION LENGTH LENGTH WAITING TIME 

0.0888 1 0 0.0006 
0.0000 0 0 0.0000 
0.4008 4 3 0. 1024 

GATE 
NUMBER 

GATE 
LABEL 

CURRENT 
STATUS 

PCT. OF 
TIME OPEN 

CR1 OPEN 0.9907 

4 OF 10 

NUMBER OF 
OBSERVATIONS 

444 
443 

CURRENT 
VALUE 

0.4430E+03 
0. 7000E+01 
0.6217E+03 

..... 

....,J 

..... 



TANK TIME 
TOTAL TIME 

NUMBER IN SVS. 1 
NUMBER OF BRKDWN 
TON OUTPUT 

MEAN 
VALUE 

0.8291E+OO 
0.9779E+OO 

MEAN 
VALUE 

0. 2175E+03 
0.3168E+01 
0. 2977E+03 

S L A M S U M M A R Y R E P 0 R T 

SIMULATION PROJECT TANKS 

DATE 1/ 4/1984 

BY J. R. LEWIS 

RUN NUMBER 

CURRENT TIME 0.3600E+03 
STATISTICAL ARRAYS CLEARED AT TIME O.OOOOE+OO 

**STATISTICS FOR VARIABLES BASED ON OBSERVATION** 

STANDARD 
DEVIATION 

0.2331E+OO 
0.3025E+OO 

COEFF. OF 
VARIATION 

0.2812E+OO 
0.3094E+OO 

MINIMUM 
VALUE 

0.6207E+OO 
0.6733E+OO 

MAXIMUM 
VALUE 

0.3886E+01 
0.4074E+01 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 

STANDARD MINIMUM MAXIMUM TIME 
DEVIATION VALUE VALUE INTERVAL 

0. 1243E+03 O.OOOOE+OO 0.4330E+03 0.3600E+03 
0.2698E+01 O.OOOOE+OO 0.7000E+01 0.3600E+03 
0. 1740E+03 O.OOOOE+OO 0.5930E+03 0.3600E+C3 

**FILE STATISTICS** 

5 OF 10 

NUMBER OF 
OBSERVATIONS 

434 
433 

CUR~ENT 
VALUE 

0.4330E+03 
0.7000E+01 
0.5930E+03 

FILE ASSOCIATED AVERAGE 
LENGHI 

STANDARD 
DEVIATION 

MAXIMUM 
LENGTH 

CURRENT 
LENGTH 

AVERAGE 
WAITING TIME NUMBER NODE TYPE 

1 AWAIT 
2 
3 CALENDAR 

**GATE 

GATE GATE 
NUMBER LABEL 

CRt 

0.0270 
0.0000 
2. 1709 

STATISTICS** 

CURRENT 
STATUS 

PCT. OF 
TIME OPEN 

OPEN 0.9706 

0.1621 
0.0000 
0.4469 

1 
0 
4 

0· 
0 
3 

0.0020 
0.0000 
0. 1046 

..... 
-...1 

"' 



TANK TIME 
TOTAL TIME 

NUMBER IN SYS. 1 
NUMBER OF BRKDWN 
TON OUTPUT 

FilE ASSOCIATED 
NUMBER NODE TYPE 

1 AWAIT 
2 
3 CALENDAR 

MEAN 
VALUE 

0.8154E+OO 
0.9669E+OO 

MEAN 
VALUE 

0.2201E+03 
0.2567E+01 
0.3111E+03 

AVERAGE 
lENGTH 

0.0093 
0.0000 
2. 1950 

S L A M S U M M A R Y R E P 0 R T 

SIMULATION PRD~ECT TANKS 

DATE 1/ 4/1984 

BY ~. R. LEWIS 

RUN NUMBER 

CURRENT TIME 0.3600E+03 
STATISTICAL ARRAYS CLEARED AT TIME O.OOOOE+OO 

**STATISTICS FOR VARIABLES BASED ON OBSERVATION** 

STANDARD 
DEVIATION 

0. 1074E+OO 
0. 1914E+OO 

CDEFF. OF 
VARIATION 

0. 1317E+OO 
0. 1979E+OO 

MINIMUM 
VALUE 

0.5873E+OO 
0.6018E+OO 

MAXIMUM 
VALUE 

0.2359E+01 
0.2467E+Ot 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 

STANDARD .MINIMUM MAXIMUM TIME 
DEVIATION VALUE VALUE INTERVAL 

0. 1272E+03 O.OOOOE+OO 0.4410E+03 0.3600E+03 
0. 1499E+Ot O.OOOOE+OO 0.4000E+01 0.3600E+03 
0. 1800E+03 O.OOOOE+OO 0.6165E+03 0.3600E+03 

**FILE STATISTICS** 

STANDARD MAXIMUM CURRENT AVERAGE 
DEVIATION LENGTH lENGTH WAITING TIME 

0.0959 1 0 0.0007 
0.0000 0 0 0.0000 
0.4233 4 2 0.1042 

6 OF 10 

NUMBER OF 
OBSERVATIONS 

441 
441 

CURRENT 
VALUE 

0.4410E+03 
0.4000E+Ot 
0.6165E+03 

**GATE STATISTICS** 

GATE 
NUMBER 

GATE 
LABEl 

CR1 

CURRENT 
STATUS 

OPEN 

PCT. OF 
TIME OPEN 

0.9900 

~ 
....... 
w 



TANK TIME 
TOTAL TIME 

NUMBER IN SYS. 1 
NUMBER OF BRKDWN 
TON OUTPUT 

FILE ASSOCIATED 
NUMBER NODE TYPE 

1 AWAIT 
2 
3 CALENDAR 

**GATE 

GATE GATE 
NUMBER LABEL 

CR1 

S L A M · S U M M A R Y R E P 0 R T 

SIMULATION PROJECT TANKS BY J. R. LEWIS 

DATE 1/ 4/1984 RUN NUMBER 

CURRENT TIME 0.3600E+03 
STATISTICAL ARRAYS CLEARED AT TIME O.OOOOE+OO 

**STATISTICS FOR VARIABLES BASED ON OBSERVATION** 

MEAN 
VALUE 

0.8155E+OO 
0.9761E+OO 

STANDARD 
DEVIATION 

0. 1357E+OO 
0.2214E+OO 

COEFF. OF 
VARIATION 

0. 1664E+OO 
0.2268E+OO 

MINIMUM 
VALUE 

0.5966E+OO 
0.5904E+OO 

MAXIMUM 
VALUE 

0.3069E+01 
0.3290E+01 

I **STATISTICS FOR TIME-PERSISTENT VARIABLES** 

MEAN I 
VALUE; 

I 
0.2211E+03 
o. 1733E+e1 
0. 2911E+p3 

STANDARD 
DEVIATION 

0. 1273E+03 
0. 1482E+OI 
0. 1679E+03 

MINIMUM 
VALUE 

O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 

i 
I **FILE STATISTICS** 

AVERAGE 
LENGrH 

o.b123 
o.booo 
2.±!031 

STATIST ItS** 

STANDARD 
DEVIATION 

o. 1102 
0.0000 
0.4366 

CURRENT PCT. OF 
STATUS 1 TIME OPEN 

OPEN I 0.9872 

MAXIMUM 
LENGTH 

I 
0 
4 

MAXIMUM 
VALUE 

0.4410E+03 
0.4000E+OI 
0.5775E+03 

CURRENT 
LENGTH 

0 
0 
2 

TIME 
INTERVAL 

0.3600E+03 
0.3600E+03 
0.3600E+03 

AVERAGE 
WAITING TIME 

0.0009 
0.0000 
o. 1046 

7 OF 10 

NUMBER OF 
OBSERVATIONS 

441 
441 

CURRENT 
VALUE 

0.4410E+03 
0.4000E+OI 
0.5775E+03 

..... 
-....) 

ol:=oo 



TANK TIME 
TOTAL TIME 

NUMBfR IN SYS. 1 
NUMBER OF BRKDWN 
TON OUTPUT 

FILE ASSOCIATED 
NUMBER NODE TYPE 

1 AWAIT 
2 
3 CALENDAR 

MEAN 
VALUE 

0.8239E+OO 
0.9714E+OO 

MEAN 
VALUE 

0.2187E+03 
0. 3300E+01 
0.2971E+03 

AVERAGE 
LENGTU 

0.0210 
0.0000 
2. 1761 

S L A M S U M M A R Y R E P 0 R T 

SIMULATION PRO~ECT TANKS 

DATE 1/ 4/1984 

BY ~- R. LEWIS 

RUN NUMBER 

CURRENT TIME 0.3600E+03 
STATISTICAL ARRAYS CLEARED AT TIME O.OOOOE+OO 

**STATISTICS FOR VARIABLES BASED ON OBSERVATION** 

STANDARD 
DEVIATION 

0. 1477E+OO 
0.2126E+OO 

COEFF. OF 
VARIATION 

0. 1793E+OO 
0.2189E+OO 

MINIMUM 
VALUE 

0.5925E+OO 
0.6758E+OO 

MAXIMUM 
VALUE 

0.2509E+01 
0.2499E+01 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 

STANDARD MINIMUM MAXIMUM TIME 
DEVIATION VALUE VALUE INTERVAL 

0. 1262E+03 O.OOOOE+OO 0.4360E+03 0.3600E+03 
0.2492E+01 O.OOC::>E+OO 0.8000E+01 0.3600E+03 
0. 1737E+03 O.OOOOE+OO 0.5938E+03 0.3600E+03 

**FILE STATISTICS** 

STANDARD MAXIMUM CURRENT AVERAGE 
DEVIATION LENGTI-1 LENGTH WAITING TIME 

o. 1435 1 0 0.0016 
0.0000 0 0 0.0000 
0.4394 4 2 0. 1042 

8 OF 10 

NUMBER OF 
OBSERVATIONS 

436 
436 

CURRENT 
VALUE 

0.4360E+03 
O.BOOOE+OI 
0.5938E+03 

**GATE STATISTICS** 

GATE 
NUMBER 

GATE 
LABEL 

CR1 

CURRENT 
STATUS 

OPEN 

PCT. Of 
TIME OPEN 

0.9773 
1-' 
....:J 
l11 



TANK TIME 
TOTAL TIME 

NUMBER IN SYS. 1 
NUMBER OF BRKDWN 
TON OUTPUT 

FILE ASSOCIATED 
NUMBER NODE TYPE 

AWAIT ., 
3 CALENDAR 

MEAN 
VALUE 

0.8062E~OO 
0.9506E+OO 

MEAN 
VALUE 

0.2225E+03 
O.OOOOE+OO 
0.2849E+03 

AVERAGE 
LENGTH 

0.0000 
0."001"1 
2. 1977 

**GATE STATISTICS** 

GATE 
NUMBER 

GATE 
LABEL 

CRt 

CURRENT 
STATUS 

OPEN 

S L A M S U M M A R Y R E P 0 R T 

SIMULATION PROJECT TANKS 

DATE 1/ 4/1984 

BY J. R. LEWIS 

RUN NUMBER 

CURRENT TIME 0.3600E+03 
STATISTICAL ARRAYS CLEARED AT TIME O.OOOOE+OO 

**STATISTICS FOR VARIABLES BASED ON OBSERVATION** 

STANDARD 
DEVIATION 

0.5387E-01 
0. 1650E+OO 

COEFF. OF 
VARIATION 

0.6682E-01 
0.1735E+OO 

MINIMUM 
VALUE 

0.5956E+OO 
0.6528E+OO 

MAXIMUM 
VALUE 

0.9220E+OO 
0. 1915E+01 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 

STANDARD MINIMUM 
DEVIATION VALUE 

0. 1292E+03 O.OOOOE+OO 
O.OOOOE+OO O.OOOOE+OO 
0. 1630E+03 O.OOOOE+OO 

**FILE STATISTICS** 

STANDARD 
DEVIATION 

0.0000 
0.0000 
n 4024 

PCT. OF 
TIME OPEN 

t .0000 

MAXIMUM 
LENGTH 

0 
0 
4 

MAXIMUM TIME 
VALUE INTERVAL 

0.4460E+03 0.3600E+03 
O.OOOOE+OO 0.3600E+03 
0.5713E+03 0.3600E+03 

CURRENT AVERAGE 
LENGTH WAITING TIME 

0 0.0000 
0 0.0000 
2 0. 1034 

9 OF 10 

NUMBER OF 
OBSERVATIONS 

446 
446 

CURRENT 
VALUE 

0.4460E+03 
O.OOOOE+OO 
0.5713E+03 

...... 
-...,J 
0'\ 



TANK TIME 
TOTAL TIME 

NUMBER IN SYS. 1 
NUMBER OF BRKDWN 
TON OUTPUT 

FILE ASSOCIATED 
NUMBER NODE TYPE 

1 AWAIT 
2 
J LALlNLJAR 

MEAN 
VALUE 

0.8097E+OO 
0.9630E+OO 

MEAN 
VALUE 

0.2213E+03 
0. 2940E+01 
0.2930E+03 

AVERAGE 
LENGTH 

0.0056 
0.0000 
2.2024 

S L A M S U M M A R V R E P 0 R T 

SIMULATION PROJECT TANKS BY J. R. LEWIS 
DATE 1/ 4/1984 RUN NUMBER 

CURRENT TIME 0.3600E+03 
STATISTICAL ARRAYS CLEARED AT TIME O.OOOOE+OO 

**STATISTICS FOR VARIABLES BASED ON OBSERVATION** 

STANDARD 
DEVIATION 

0.7790E-01 
0. 1949E+OO 

COEFF. OF 
VARIATION 

0.9621E-01 
0.2024E+OO 

MINIMUM 
VALUE 

o.6215E+oo 
0.6205E+OO 

MAXIMUM 
VALUE 

0. 1688E+01 
0. 2077E+01 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 

STANDARD MINIMUM MAXIMUM TIME DEVIATION VALUE VALUE INTERVAL 
0. 1282E+03 O.OOOOE+OO 0.4440E+03 0.3600E+03 0.2208E+01 O.OOOOE+OO 0.6000E+Ot 0.3600E•03 0. 1612E+03 O.OOOOE+OO 0.5670E+03 0.3600E+03 

**FILE STATISTICS** 

STANDARD MAXIMUM CURRENT AVERAGE DEVIATION LENGTH LENGTH WAITING TIME 

0.0746 1 0 0.0004 0.0000 0 0 0.0000 0.4198 4 2 0. 1037 

10 OF 10 

NUMBER OF 
OBSERVATIONS 

444 
444 

CURRENT 
VALUE 

0.4440E+03 
0.6000E+01 
0.5670E+03 

**GATE STATISTICS** 

GATE GATE CURRENT PCT. OF NUMBER LABEL STATUS TIME OPEN 

CRt OPEN 0.9925 1-' 
..._J 
..._J 



APPENDIX F 

OUTPUT OF TWO CRANE ONE OPERATOR MODEL 
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MEAN 
VALUE 

TANK TIME SVS 1 0.8981E+OO TOTAL TIME SYS 1 0. 1064E+01 TANK TIME SYS 2 0.9157E+OO TOTAL TIME SYS 2 0. 1093E+01 

MEAN 
VALUE 

NUMBER IN SYS. 1 0.3892E+03 NUMBER OF BRKDWN 0. 1633E+01 NUMBER OF BRKDWN 0.3933E+01 TON OUTPUT 0.5217E+03 

S L A M S U M M A R Y R E P 0 R T 

SIMULATION PROJECT TANKS 
DATE 1/ 4/1984 

BY J. R. LEWIS 

RUN NUMBER OF 10 
CURRENT TIME 0.3600E+03 STATISTICAL ARRAYS CLEARED AT TIME O.OOOOE+OO 

**STATISTICS FOR VARIABLES BASED ON OBSERVATION** 
STANDARD COEFF. OF MINIMUM MAXIMUM NUMBER OF 
DEVIATION VARIATION VALUE VALUE OBSERVATIONS 0.2038E+OO 0.2269E+OO 0.5122E+OO 0.3451E+01 389 

0.2632E+OO 0.2473E+OO 0.5514E+OO 0.3632E+01 389 
0.2112E+OO 0.2307E+OO 0.4894E+OO 0.3480E+01 393 
0.2792E+OO 0.2555E+OO 0.5238E+OO 0.3942E+01 392 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 
STANDARD MINIMUM MAXIMUM TIME CURRENT 
DEVIATION VALUE VALUE INTERVAL VALUE 0.2270E+03 O.OOOOE+OO 0.7810E+03 0.3600E+03 0. 7810E+03 

0.7063E+OO O.OOOOE+OO 0.3000E+01 0.3600E+03 0.3000E+01 
0. 1750E+01 O.OOOOE+OO 0.6000E+01 0.3600E+03 0.6000E+01 
0.3014E+03 O.OOOOE+OO 0. 1046E+04 0.3600E+03 0. 1046E+04 

1-' 
-...I 
\0 



FILE ASSOCIATED AVERAGE 
NUMBER NODE TYPE LENGTH 

1 AWAIT 0.0070 
2 AWAIT 0.0123 
3 AWAIT 0.0105 
4 AWAIT 0.1163 
5 AWAIT 0.0000 
6 AWAIT 0.0028 
7 AWAIT 0.0037 
8 AWAIT 0.1225 
9 AWAIT 0.0177 

10 AWAIT 0.0005 
11 AWAIT 0.0000 
12 CALENDAR 4.0777 

**GATE STATISTICS** 

GATE GATE CURRENT 
NUMBER l-ABEL STATUS 

1 "CR1 OPEN 
2 CR2 OPEN 
3 MOV OPEN 
4 SC2 CLOSED 
5 C2 OPEN 
6 P2 OPEN 
7 S02 OPEN 
8 SC1 CLOSED 
9 ACID OPEN 

10 PAS1 CLOSED 
11 PAS2 CLOSED 

**FILE STATISTICS** 

STANDARD MAXIMUM 
DEVIATION LENGTH 

0.0835 1 
0. 1102 1 
0. 1022 1 
0.3206 1 
0.0000 1 
0.0530 1 
0.0608 1 
0.3279 1 
0. 1320 1 
0.0227 1 
0.0000 0 
0.6887 7 

PCT. OF 
TIME OPEN 

0.9919 
0.9871 
0.4263 
0.6328 
0.8973 
0.9138 
0.8782 
0.5258 
0.7046 
0.6987 
0.8717 

CURRENT 
LENGTH 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 

AVERAGE 
WAITING TIME 

0.0005 
0.0009 
0.0098 
0.0135 
0.0000 
0.0028 
0.0038 
0.0228 
0.0162 
0.0074 
0.0000 
0.0539 

1-' 
(X) 

0 



MEAN 
VALUE 

TANK TIME SYS 1 0.8956E+OO 
TOTAL TIME SYS 1 0. 1047E+01 
TANK TIME SYS 2 0.9089E+OO 
TOTAL TIME SYS 2 0. 1057E+01 

MEAN 
VALUE 

NUMBER IN SYS. 1 0.3954E+03 
NUMBER OF BRKDWN 0.5433E+01 
NUMBER OF BRKDWN 0.2733E+01 
TON OUTPUT 0.5239E+03 

S L A M S U M M A R Y R E P 0 R T 

SIMULATION PROJECT TANKS 

DATE 1/ 4/1984 

BY J. R. LEWIS 

RUN NUMBER 2 OF 10 

CURRENT TIME 0.3600E+03 
STATISTICAL ARRAYS CLEARED AT TIME O.OOOOE+OO 

**STATISTICS FOR VARIABLES BASED ON OBSERVATION** 

STANDARD COEFF. OF MINIMUM MAXIMUM NUMBER OF DEVIATION VARIATION VALUE VALUE OBSERVATIONS 
0. 1914E+OO 0.2137E+OO 0. 4717E+OO 0.2656E+01 393 0.2381E+OO 0.2274E+OO 0.5956E+OO 0. 2740E+01 393 0.2177E+OO 0.2395E+OO 0.4939E+OO 0.3007E+01 396 0.2599E+OO 0.2460E+OO 0.5093E+OO 0.3063E+01 395 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 

STANDARD MINIMUM MAXIMUM TIME CURRENT DEVIATION VALUE VALUE INTERVAL VALUE 
0.2279E+03 O.OOOOE+OO 0.7880E+03 0.3600E+03 0.7880E+03 0.3052E+01 O.OOOOE+OO 0. 1000E+02 0.3600E+03 0. 1000E+02 0.2016E+01 O.OOOOE+OO 0.7000E+01 0.3600E+03 0.7000E+01 0.3016E+03 O.OOOOE+OO 0. 1059£+04 0.3600£+03 0. 1059E+04 

1-' 
00 
1-' 



FILE ASSOCIATED AVERAGE NUMBER NODE TYPE lENGTH 
1 AWAIT 0.0147 2 AWAIT 0.0157 3 AWAIT 0.0036 4 AWAIT 0. 1138 5 AWAIT 0.0000 6 AWAIT 0.0030 7 AWAIT 0.0016 6 AWAIT 0. 1223 9 AWAIT 0.0199 10 AWAIT 0.0000 11 AWAIT 0.0000 12 CALENDAR 4.0312 

**GATE STATISTICS** 
GATE GATE CURRENT NUMBER lABEl STATUS 

1 CR1 OPEN 2 CR2 OPEN 3 MDV OPEN 4 SC2 OPEN 5 C2 OPEN 6 P2 OPEN 7 S02 OPEN 8 SC1 ClOSED 9 ACID ClOSED 10 PAS1 OPEN 11 PAS2 OPEN 

**FILE STATISTICS** 

STANDARD MAXIMUM DEVIATION lENGTH 

o. 1204 1 o. 1242 1 
0.0602 1 
0.3175 1 
0.0000 1 
0.0546 1 
0.0405 1 
0.3276 1 
0. 1397 1 
0.0056 1 
0.0000 0 
0.6967 6 

PCT. OF 
TIME OPEN 

0.9835 
0.9827 
0. 4668 
0.6376 
0.8976 
0.9132 
0.6795 
0.5206 
0.6933 
0.6965 
0.8729 

CURRENT 
lENGTH 

0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
4 

AVERAGE 
WAITING TIME 

0.0010 
0.0011 
0.0033 
0.0131 
0.0000 
0.0029 
0.0017 
0.0227 
0.0161 
0.0004 
0.0000 
0.0530 

1-' 
(X) 

t-.l 



MEAN 
VALUE 

TANK TIME SYS t 0.8982E+OO 
TOTAL TIME SYS 1 0. 1058E+01 
TANK TIME SYS 2 0.9222E+OO 
TOTAL TIME SYS 2 0. 1084E+01 

MEAN 
VALUE 

NUMBER IN SYS. 1 0.3835E+03 
NUMBER OF BRKDWN 0.2300E+01 
NUMBER OF BRKDWN 0.2633E+Ot 
TON OUTPUT 0.5284E+03 

S L A M S U M M A R Y R E P 0 R T 

SIMULATION PRO~ECT TANKS BY ~. R. LEWIS 

DATE t/ 4/1984 RUN NUMBER 3 OF to 

CURRENT TIME 0.3600E+03 
STATISTICAL ARRAYS CLEARED AT TIME O.OOOOE+OO 

**STATISTICS FOR VARIABLES BASED ON OBSERVATION** 

STANDARD COEFF. OF MINIMUM MAXIMUM NUMBER OF DEVIATION VARIATION VALUE VALUE OBSERVATIONS 
0. 1930E+OO 0.2149E+OO 0.4824E+OO 0.2855E+01 383 0.2800E+OO 0.2647E+OO 0.4939E+OO 0.3377E+01 383 0.2529E+OO 0.2743E+OO 0.4597E+OO 0.2994E+01 390 0.2958E+OO 0.2729E+OO 0.6697E+OO 0.3184E+01 390 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 

STANDARD MINIMUM MAXIMUM TIME CURRENT DEVIATION VALUE VALUE INTERVAL VALUE 
0.2232E+03 O.OOOOE+OO 0.7730E+03 0.3600E+03 0.7730E+03 0. 1345E+Ot O.OOOOE+OO 0.4000E+01 0.3600E+03 0.4000E+01 0.1516E+01 O.OOOOE+OO 0.5000E+01 0. 3600fi-03 0.5000E+Ot 0.3088E+03 O.OOOOE+OO 0. 1068E+04 0.3600E+03 0. 1068E+04 

1-' 
co 
w 



FILE ASSOCIATED AVERAGE 
NUMBER NODE TYPE LENGTH 

1 AWAIT 0.0144 
2 AWAIT 0.0183 
3 AWAIT 0.0211 
4 AWAIT 0. 1345 
5 AWAIT 0.0000 
6 AWAIT 0.0026 
7 AWAIT 0.0034 
8 AWAIT o. 1241 
9 AWAIT 0.0110 

10 AWAIT 0.0006 
11 AWAIT 0.0000 
12 CALENDAR 4.0135 

**GATE STATISTICS** 

GATE GATE CURRENT 
NUMBER LABEL STATUS 

1 CR1 OPEN 
2 CR2 OPEN 
3 MOV OPEN 
4 SC2 OPEN 
5 C2 OPEN 
6 P2 CLOSED 
7 502 OPEN 
8 SC1 OPEN 
9 ACID OPEN 

10 PAS1 CLOSED 
11 PAS2 OPEN 

**FILE STATISTICS** 

STANDARD MAXIMUM 
DEVIATION LENGTH 

o. 1192 1 
o. 1341 1 
o. 1436 1 
0.3412 1 
0.000{) 1 
0.0505 1 
0.0586 1 
0.3297 1 
0. 1041 1 
0.0252 1 
0.0000 0 
0.7236 7 

PCT. OF 
TIME OPEN 

0.9853 
0.9797 
0.3799 
0.6242 
0.8951 
0.9167 
0.8833 
0.5366 
0. 7118 
0.7221 
0.8769 

CURRENT 
LENGTH 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 

AVERAGE 
WAITING TIME 

0.0010 
0.0014 
0.0198 
0.0158 
0.0000 
0.0026 
0.0037 
0.0236 
0.0101 
0.0074 
0.0000 
0.0537 

1-' 
(X) 

~ 



MEAN 
VALUE 

TANK TIME SYS 1 0.8898E+OO 
TOTAL TIME SYS 1 0. 1071E+01 
TANK TIME SYS 2 0.9234E+OO 
TOTAL TIME SYS 2 0. 1089E+01 

MEAN 
VALUE 

NUMBER IN SYS. 1 0.3938E+03 
NUMBER OF BRKDWN 0.2900E+01 
NUMBER OF BRKDWN 0.2267E+01 
TON OUTPUT 0.5345E+03 

S L A M S U M M A R Y R E P 0 R T 

SIMULATION PRO~ECT TANKS BY ~. R. LEWIS 
DATE 1/ 4/1984 RUN NUMBER 4 OF 10 

CURRENT TIME 0.3600E+03 
STATISTICAL ARRAYS CLEARED AT TIME O.OOOOE+OO 

**STATISTICS FQR VARIABLES BASED ON OBSERVATION** 

STANDARD COEFF. OF MINIMUM MAXIMUM NUMBER OF DEVIATION VARIATION VALUE VALUE OBSERVATIONS 
0. 1634E+OO 0. 1837E+OO 0.4939E+OO 0.2609E+01 388 0.2505E+OO 0.2339E+OO 0.5500E+OO 0.2662E+01 388 0. 1927E+OO 0.2087E+OO 0.4742E+OO 0.2896E+01 389 0.2515E+OO 0.2310E+OO 0.5510E+OO 0.2956E+01 389 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 

STANDARD MINIMUM MAXIMUM TIME CURRENT DEVIATION VALUE VALUE INTERVAL VALUE 
0.2246E+03 O.OOOOE+OO 0.7770E+03 0.3600E+03 0. 7770E•03 0.9781E+OO O.OOOOE+OO 0.4000E+01 0.3600E+03 '0.4000E+01 0.2632E+01 O.OOOOE+OO 0. 7000E+01 0.3600E+03 0.7000E+01 0.2990E+03 O.OOOOE+OO 0. 1040E+04 0.3600E+03 0. 1040E+04 

....... 
Q) 

U1 



FILE ASSOCIATED AVERAGE 
NUMBER NODE TYPE LENGTH 

1 AWAIT 0.0036 
2 AWAIT 0.020B 
3 AWAIT 0.0219 
4 AWAIT 0. 1188 
5 AWAIT 0.0012 
6 AWAIT 0.0033 
7 AWAIT 0.0048 
8 AWAIT 0. 1310 
9 AWAIT 0.0123 

10 AWAIT 0.0000 
11 AWAIT 0.0000 
12 CALENDAR 4.0544 

**GATE STATISTICS** 

GATE GATE CURRENT 
NUMBER lABEl STATUS 

1 CR1 OPEN 
2 CR2 OPEN 
3 MOV CLOSED 
4 SC2 OPEN 
5 C2 OPEN 
6 P2 OPEN 
7 S02 OPEN 
8 SC1 CLOSED 
9 ACID OPEN 

10 PAS1 CLOSED 
11 PAS2 OPEN 

**FILE STATISTICS** 

STANDARD MAXIMUM 
DEVIATION LENGHI 

0.0601 1 
0. 1427 1 
0. 1464 1 
0.3235 1 
0.0346 1 
0.0575 1 
0.0691 1 
0.3374 1 
0. 1100 1 
0.0000 0 
0.0000 0 
0.6930 7 

PCT. OF 
TIME OPEN 

0.9951 
0.9779 
0.3754 
0.6280 
0.8957 
0.9185 
0.8840 
0.5274 
0.7114 
0. 7238 
0.8786 

CURRENT 
LENGTI-1 

0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
3 

• 

AVERAGE 
WAITING TIME 

0.0002 
0.0015 
0.0203 
0.0139 
0.0011 
0.0032 
0.0049 
0.0247 
0.0113 
0.0000 
0.0000 
0.0539 

1-' 
(X) 

0'\ 



MEAN 
VALUE 

TANK TIME SYS 1 0. 9031.E+OO 
TOTAL TIME SYS 1 0.1064E+01 
TANK TIME SVS 2 0.9258E+OO 
TOTAL TIME SVS 2 0.1086E+01 

MEAN 
VALUE 

NUMBER IN SVS. 1 0.3854E+03 
NUMBER OF BRKDWN 0.2700E+01 
NUMBER OF BRKDWN 0.4322E+01 
TON OUTPUT 0.5036E+03 

S L A M S U M M A R Y R E P 0 R T 

SIMULATION PROJECT TANKS BY J. R. LEWIS 

DATE 1/ 4/1984 RUN NUMBER 6 OF 10 

CURRENT TIME 0.3600E+03 
STATISTICAL ARRAYS CLEARED AT TIME O.OOOOE+OO 

**STATISTICS FOR VARIABLES BASED ON OBSERVATION** 

STANDARD COEFF. OF MINIMUM MAXIMUM NUMBER OF 
DEVIATION VARIATION VALUE VALUE OBSERVATIONS 

0.2244E+OO 0.2485E+OO 0.4776E+OO 0.3717E+01 385 
0.2816E+OO 0.2647E+OO 0.5576E+OO 0.4129E+01 385 
0.2468E+OO 0.2665E+OO 0.4580E+OO 0.3729E+01 388 
0.2902E+OO 0.2671E+OO 0.4875E+OO 0.3774E+01 388 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 

STANDARD MINIMUM MAXIMUM. TIME CURRENT 
DEVIATION VALUE VALUE INTERVAL VALUE 

0.2232E+03 O.OOOOE+OO 0. 7730E+03 0.3600E+03 0.7730E+03 
0. 1509E+01 O.OOOOE+OO 0.5000E+01 0.3600E+03 0.5000.::+01 
0.3412E+01 O.OOOOE+OO 0.9000E+01 0.3600E+03 0.9000E+01 
0.2848E+03 O.OOOOE+OO 0. 1020E+04 0.3600E+03 0. 1020E+04 

...... 
co ..... 



FILE ASSOCIATED AVERAGE 
NUMBER NODE TYPE LENGTH 

1 AWAIT 0.0162 
2 AWAIT 0.0173 
3 AWAIT 0.0140 
4 AWAIT 0. 1190 
5 AWAIT 0.0051 
6 AWAIT 0.0023 
7 AWAIT 0.0108 
8 AWAIT 0. 1268 
9 AWAIT 0.0127 

10 AWAIT 0.0011 
11 AWAIT 0.0000 
12 CALENDAR 4.0177 

**GATE ST~TISTICS** 

GATE GATE CURRENT 
NUMBER LABEL STATUS 

1 CR1 OPEN 
2 CR2 OPEN 
3 MOV CLOSED 
4 SC2 CLOSED 
5 C2 OPEN 
6 P2 OPEN 
7 S02 OPEN 
8 SC1 OPEN 
9 ACID CLOSED 

10 PAS1 OPEN 
11 PAS2 OPEN 

**FILE STATISTICS** 

STANDARD MAXIMUM 
DEVIATION LENGTH 

0. 1263 1 
0. 1302 1 
0. 1177 1 
0.3238 1 
0.0712 1 
0.0477 1 
o. 1034 1 
0.3328 1 
0. 1120 1 
0.0336 1 
0.0000 0 
0.7123 7 

PCT. OF 
TIME OPEN 

0.9832 
0.9804 
0.4159 
0.6401 
0.8875 
0.9164 
0.8716 
0.5342 
0. 7178 
0.7082 
0.8659 

CURRENT 
LENGTH 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 

AVERAGE 
WAITING TIME 

0.0011 
0.0013 
0.0131 
0.0140 
0.0047 
0.0023 
0.0113 
0.0240 
0.0118 
0.0146 
0.0000 
0.0537 

...... 
0) 
0) 



MEAN 
VALUE 

TANK TIME SYS 1 0.9090E+OO 
TOTAL TIME SYS 1 0. 1074E+01 
TANK TIME SYS 2 0.9322E+OO 
TOTAL TIME SYS 2 0. 1104E+01 

MEAN 
VALUE 

NUMBER IN SYS. 1 0. 3805E+03 
NUMBER OF BRKDWN 0.5823E+01 
NUMBER OF BRKDWN 0. 1767E+01 
TON OUTPUT 0.5384E+03 

S L A M S U M M A R Y R E P 0 R T 

SIMULATION PROJECT TANKS BY J. R. LEWIS 

DATE 1/ 4/1984 RUN NUMBER 7 OF 10 

CURRENT TIME 0.3600E+03 
STATISTICAL ARRAYS CLEARED AT TIME O.OOOOE+OO 

**STATISTICS FOR VARIABLES BASED ON OBSERVATION** 

STANDARD COEFF. OF MINIMUM MAXIMUM NUMBER OF DEVIATION VA:UATION VALUE VALUE OBSERVATIONS 

0.3077E+OO 0.3385E+OO 0.4865E+OO 0.5284E+01 383 0.3403E+OO 0.3169E+OO 0.4987E+OO 0.5303E+01 383 0.3016E+OO 0.3235E+OO 0.4863E+OO 0.5009E+01 386 0.3558E+OO 0.3223E+OO 0.5235E+OO 0.5400E+01 386 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 

STANDARD MINIMUM MAXIMUM TIME CURRENT DEVIATION VALUE VALUE INTERVAL VALUE 

0.2200E+03 O.OOOOE+OO 0.7690E+03 0.3600E+03 0.7690E+03 0.2257E+01 O.OOOOE+OO 0.9000E+01 0.3600E+03 0.9000E+01 0. 1202E+01 O.OOOOE+OO 0.3000E+01 0.3600E+03 0.3000E+01 0. 3112E+03 O.OOOOE+OO 0. 1083E+04 0.3600E+03 0. 1083E+04 

..... 
co 
\0 



FILE ASSOCIATED AVERAGE 
NUMBER NODE TYPE LENGTH 

1 AWAIT 0.0283 
2 AWAIT O.Ott8 
3 AWAIT 0.0127 
4 AWAIT 0. t22t 
5 AWAIT O.Ot56 
6 AWAIT 0.006t 
7 AWAIT 0.004t 
8 AWAIT 0. t238 
9 AWAIT 0.0130 

to AWAIT 0.0007 
tt AWAIT 0.0000 
12 CALENDAR 4.0t94 

**GATE STATISTICS** 

GATE GATE CURRENT 
NUMBER LABEL STATUS 

1 CRt OPEN 
2 CR2 OPEN 
3 MDV OPEN 
4 SC2 OPEN 
5 C2 OPEN 
6 P2 OPEN 
7 502 CLOSED 
8 set CLOSED 
9 ACID OPEN 

tO PASt CLOSED 
11 PAS2 CLOSED 

**FILE STATISTICS** 

STANDARD MAXIMUM 
DEVIATION LENGTH 

0. 1659 1 
0. t079 t 
0. 1121 1 
0.3274 1 
0.124t t 
0.0176 1 
0.0636 t 
0.3293 t 
0. 1133 1 
0.0258 t 
0.0000 0 
0. 7330 7 

PCT. OF 
TIME OPEN 

0.9705 
0.9878 
0.4217 
0.6324 
0.8824 
0.9135 
0.8843 
0.53t2 
0.7138 
0.7176 
0.874t 

CURRENT 
LENGTH 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 

AVERAGE 
WAITING TIME 

0.0020 
0.0009 
O.Ot20 
0.0144 
0.0146 
0.0060 
0.0042 
0.0236 
O.Ot2t 
O.Ot09 
0.0000 
0.0540 

....... 
\0 
0 



MEAN 
VALUE 

TANK TIME SYS 1 0.8813E+OO 
TOTAL TIME SVS 1 0. 1050E+01 
TANK TIME SVS 2 0.8973E+OO 
TOTAL TIME SVS 2 0. 1070E+01 

MEAN 
VALUE 

NUMBER IN SVS. 1 0.3971E+03 
NUMBER OF BRKDWN O.OOOOE+OO 
NUMBER OF BRKDWN 0.2123E+01 
TON OUTPUT 0.5368E+03 

S L A M S U M M A R V R E P 0 R T 

SIMULATION PROJECT TANKS BY J. R. LEWIS 
DATE 1/ 4/1984 RUN NUMBER 8 OF 1J 

CURRENT TIME 0.3600E+03 
STATISTICAL ARRAYS CLEARED AT TIME O.OOOOE+OO 

**STATISTICS FOR VARIABLES BASED ON OBSERVATION** 

STANDARD COEFF. OF MINIMUM MAXIMUM NUMBER OF DEVIATION VARIATION VALUE VALUE OBSERVATIONS 
0. 1414E+OO 0.1604E+OO 0.4098E+OO 0.2575E+01 396 0.2107E+OO 0.2007E+OO 0.4964E+OO 0.2607E+01 396 0. 1478E+OO 0. 1647E+OO 0.5352E+OO 0.2565E+01 401 0. 2271E+OO 0.2123E+OO 0.5713E+OO 0.2621E+01 401 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 

STANDARD MINIMUM MAXIMUM TIME CURRENT DEVIATION VALUE VALUE INTERVAL VALUE 
0.2310E+03 O.OOOOE+OO 0.7970E+03 0.3600E+03 0.7970E+03 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 0.3600E+03 O.OOOOE+OO 0. 1303E+01 O.OOOOE+OO 0.5000E+01 0.3600E+03 0.5000E+01 0.3210E+03 O.OOOOE+OO 0. 1111E+04 0.3600E+03 0. 1111E+04 

...... 
\0 
...... 



FILE 
NUMBER 

1 
2 
3 
4 
5 
6 
7 
8 

·9 
10 
11 
12 

GATE 
NUMBER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 

**FILE STATISTICS** 

ASSOCIATED AVERAGE STANDARD MAXIMUM NODE TYPE LENGTH DEVIATION LENGTH 

AWAIT 0.0000 0.0000 0 AWAIT 0.0095 0.0970 1 AWAIT 0.0119 0. 1083 1 AWAIT 0. 1140 0.3179 1 AWAIT 0.0000 0.0000 1 AWAIT 0.0017 0.0417 1 AWAIT 0.0024 0.0487 1 AWAIT 0. 1248 0. 3305 1 AWAIT 0.0150 0.1214 1 AWAIT 0.0000 0.0000 0 AWAIT 0.0002 0.0131 1 CALENDAR 4.0959 0.6648 7 

**GATE STATISTICS** 

GATE CURRENT PCT. OF 
LABEL STATUS TIME OPEN 

CR1 OPEN 1.0000 
CR2 OPEN 0.9891 
MOV OPEN 0.4203 
SC2 OPEN 0.6364 
C2 OPEN 0.8952 
P2 OPEN 0.9173 
S02 OPEN 0.8819 
SC1 CLOSED 0.5233 
ACID CLOSED 0.6997 
PAS1 OPEN 0.7228 
PAS2 OPEN 0.8755 

CURRENT 
LENGTH 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 

AVERAGE 
WAITING TIME 

0.0000 
0.0007 
0.0108 
0.0130 
0.0000 
0.0017 
0.0024 
0.0231 
0.0134 
0.0000 
0.0029 
0.0534 

...... 
1.0 
~ 



MEAN 
VALUE 

TANK TIME SYS 1 0.8891E+OO 
TOTAL TIME SYS 1 0. 1049E+01 
TANK TIME SYS 2 0.9225E+OO 
TOTAL TIME SYS 2 0. 1089E+01 

MEAN 
VALUE 

NUMBER IN SYS. 1 0.3849E+03 
NUMBER OF BRKDWN 0.3000E+01 
NUMBER OF BRKDWN 0.3695E+01 
TON OUTPUT 0.5220E+03 

S L A M S U M M A R Y R E P 0 R T 

SIMULATION PROJECT TANKS BY J. R. LEWIS 
DATE 1/ 4/1984 RUN NUMBER 9 OF 10 

CURRENT TIME 0.3600E+03 
STATISTICAL ARRAYS CLEARED AT TIME O.OOOOE+OO 

**STATISTICS FOR VARIABLES BASED ON OBSERVATION** 

STANDARD COEFF. OF MINIMUM MAXIMUM NUMBER OF DEVIATION VARIATION VALUE VALUE OBSERVATIONS 
0. 1561E+OO 0. 1755E+OO 0.4810E+OO 0.2874E+01 386 0.2132E+OO 0.2033E+OO 0.5877E+OO 0.2965E+01 386 0.3141E+OO 0.3404E+OO 0.4619E+OO 0.5947E+01 390 0.3523E+OO 0.3234E+OO 0.5431E+OO 0.6240E+01 390 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 

STANDARD MINIMUM MAXIMUM TIME CURRENT DEVIATION VALUE VALUE INTERVAL VALUE 
0.2238E+03 O.OOOOE+OO 0.7760E+03 0.3600E+03 0.7760E+03 0.1826E+01 O.OOOOE+OO 0.5000E+01 0.3600E+03 0.5000E+01 0. 1888E+01 O.OOOOE+OO 0.7000E+01 0.3600E+03 0.7000E+01 0.3032E+03 O.OOOOE+OO 0. 1053E+04 0.3600E+03 0. 1053E+04 

1-' 
1.0 
w 



FILE ASSOCIATED AVERAGE 
NUMBER NODE TYPE LENGTH 

t AWAIT 0.0037 
2 AWAIT 0.0285 
3 AWAIT 0.0283 
4 AWAIT 0. t204 
5 AWAIT 0.0000 
6 AWAIT 0.0030 
7 AWAIT 0.006t 
8 AWAIT 0. t224 
9 AWAIT 0.0138 

tO AWAIT 0.0007 
t t AWAIT 0.0000 
t2 CALENDAR 4.0236 

**GATE STATISTICS** 

GATE GATE CURRENT 
NUMBER LABEL STATUS 

t CRt OPEN 
2 CR2 OPEN 
3 MOV OPEN 
4 SC2 OPEN 
5 C2 OPEN 
6 P2 OPEN 
7 S02 OPEN 
8 set CLOSED 
9 ACID CLOSED 

10 PASt OPEN 
11 PAS2 OPEN 

**FILE STATISTICS** 

STANDARD MAXIMUM 
DEVIATION LENGTH 

0.0606 t 
0. t663 t 
0. t657 t 
0.3254 t 
0.0000 t 
0.055t t 
0.0776 t 
0.3278 t 
0. tt65 t 
0.0265 t 
0.0000 0 
0.7076 7 

PCT. OF 
TIME OPEN 

0.992t 
0.9707 
0. 4076 
0.6367 
0.9002 
0.9t62 
0.8782 
0.5330 
0.7145 
0.7123 
0.8733 

CURRENT 
LENGTH 

0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
3 

AVERAGE 
WAITING TIME 

0.0003 
0.002t 
0.0264 
O.Ot4t 
0.0000 
0.0030 
0.0064 
0.0231 
0.0127 
0.0097 
0.0000 
0.0535 

...... 
\0 
.a::. 



MEAN 
VALUE 

TANK TIME SYS 1 0.8905E+OO 
TOTAL TIME SYS 1 0. 1058E+01 
TANK TIME SYS 2 0.9102E+OO 
TOTAL TIME SYS 2 0.1089E+01 

MEAN 
VALUE 

NUMBER IN SYS. 1 0.3930E+03 
NUMBER OF BRKDWN 0.1400E+01 
NUMBER OF BRKDWN 0.3200E+01 
TON OUTPUT 0.5205E+03 

S L A M S U M M A R Y R E P 0 R T 

SIMULATION PROJECT TANKS BY J. R. LEWIS 
DATE 1/ 4/1984 RUN NUMBER 10 OF 10 

CURRENT TIME 0.3600E+03 
STATISTICAL ARRAYS CLEARED AT TIME O.OOOOE+OO 

**STATISTICS FOR VARIABLES BASED ON OBSERVATION** 
STANDARD COEFF. OF MINIMUM MAXIMUM NUMBER OF DEVIATION VARIATION VALUE VALUE OBSERVATIONS 

0. 1146E+OO 0.1287E+OO 0.4781E+OO 0. 1874E+Ot 391 0.2048E+OO 0. 1935E+OO 0.5300E+OO 0.2293E+Ot 391 0. 1424E+OO 0. 1565E+OO 0.4736E+OO 0.2043E+01 395 0.2209E+OO 0.2027E+OO 0.4744E+OO 0.2125E+01 395 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 

STANDARD MINIMUM MAXIMUM TIME CURRENT DEVIATION VALUE VALUE INTERVAL VALUE 
0.2280E+03 O.OOOOE+OO 0.7860E+03 0.3600E+03 0.7860E+03 0.1541E+01 O.OOOOE+OO 0.5000E+01 0.3600E+03 0.5000E+01 0. 1447E+01 O.OOOOE+OO 0.5000E+01 0.3600E+03 0.5000E+01 0.3026E+03 O.OOOOE+OO 0. 1033E+04 0.3600E+03 0. 1033E+04 

..... 
\0 
01 



FILE 
NUMBER 

1 
2 
3 
4 
5 
6 ., 
8 
9 

10 
11 
12 

GATE 
NUMBER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

**FILE STATISTICS** 

ASSOCIATED AVERAGE STANDARD MAXIMUM 
NODE TYPE LENGTH DEVIATION LENGTH 

AWAIT 0.0048 0.0692 1 
AWAIT 0.0055 0.0742 1 
AWAIT 0.0157 0.1243 1 
AWAIT 0.1271 0.3331 1 
AWAIT 0.0000 0.0000 1 
AWAIT 0.0029 0.0540 1 
AWAIT 0.0065 0.0802 1 
AWAIT 0. 1226 0.3280 1 
AWAIT 0.0108 0. 1035 1 
AWAIT 0.0006 0.0245 1 
AWAIT 0.0001 0.0121 1 
CALENDAR 4.0801 0.6568 7 

**GATE STATISTICS** 

GATE CURRENT PCT. OF 
LABEL STATUS TIME OPEN 

CR1 OPEN 0.9947 
CR2 OPEN 0.9943 
MOV CLOSED 0.3780 
SC2 CLOSED 0.6274 
C2 OPEN 0.9015 
P2 OPEN 0.9161 
S02 OPEN 0.8765 
SC1 OPEN 0.5308 
ACID OPEN 0.7086 
PAS1 OPEN 0.7126 
PAS2 OPEN 0.8692 

CURRENT 
LENGTH 

0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
3 

AVERAGE 
WAITING TIME 

0.0003 
0.0004 
0.0145 
0.0147 
0.0000 
0.0028 
0.0066 
0.0229 
0.0098 
0.0099 
0.0029 
0.0536 

...... 
ID 
O't 



APPENDIX G 

OUTPUT OF TWO CRANE TWO OPERATOR MODEL 
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TANK TIME 
TOTAL TIME 

NUMBER IN SYS. 1 
NUMBER Of BRKDWN 
NUMBER Of BRKDOW 
TON OUTPUT 

FILE ASSOCIATED 
NUMBER NODE TYPE 

1 AWAIT 
2 AWAIT 
3 AWAIT 
4 AWAIT 
5 CALENDAR 

MEAN 
VALUE 

0.9073E+OO 
0. 1063E+01 

MEAN 
VALUE 

0.3349E+03 
0.6320E+01 
0.4095E+01 
0.4490E+03 

AVERAGE 
LENGTI-l 

0.0195 
0.0072 
0.0199 
0.0163 
5.8586 

S L A M S U M M A R Y R E P 0 R T 

SIMULATION PROJECT TANKS BY J. R. LEWIS 
DATE 1/ 4/1984 RUN NUMBER 

CUR~ENT TIME 0.3600E+03 STATISTICAL ARRAYS CLEARED AT TIME O.OOOOE+OO 

**STATISTICS FOR VARIABLES BASED ON OBSERVATION** 
STANDARD 
DEVIATION 

0. 1893E+OO 
0.2507E+OO 

COEFF. Of 
VARIATION 

0.2087E+OO 
0.2359E+OO 

MINIMUM 
VALUE 

0.6633E+OO 
0. 7410E+OO 

MAXIMUM 
VALUE 

0.2458E+01 
0.2771E+01 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 
STANDARD MINIMUM MAXIMUM TIME DEVIATION VALUE VALUE INTERVAL 

0. 1930E+03 O.OOOOE+OO 0.6670E+03 0.3600E+03 0.2823E+01 O.OOOOE+OO 0. 1200E+02 0.3600E+03 0.2533E+01 O.OOOOE+OO 0.9000E+01 0.3600E+03 0.2551E+03 O.OOOOE+OO 0.8937E+03 0.3600E+03 

**FILE STATISTICS** 

STANDARD MAXIMUM CURRENT AVERAGE DEVIATION LENGTI-l LENGTI-l WAITING TIME 
0. 1384 1 0 0.0026 0.0847 1 0 0.0039 0. 1397 1 0 0.0107 0. 1266 1 0 0.0013 0.7462 8 7 0. 1288 

OF 10 

NUMBER Of 
OBSERVATIONS 

668 
667 

CURRENT 
VALUE 

0.6670E+03 
0. 1200E+02 
0.9000E+01 
0.8937E+03 

1-' 
1.0 
co 



RESOURCE RESOURCE CURRENT NUMBER LABEL CAPACITY 

1 wet 1 2 WC2 1 

RESOURCE RESOURCE CURRENT NUMBER LABEL AVAILABLE 

1 wet 1 2 WC2 0 

**GATE STATISTICS** 
GATE GATE CURRENT NUMBER LABEL STATUS 

1 CR1 OPEN 2 CR2 OPEN 

**RESOURCE STATISTICS** 

AVERAGE STANDARD UTI Ll ZA TI ON DEVIATION 

0. 1736 0.3787 
0.7113 0. 4532 

AVERAGE MINIMUM 
AVAILABLE AVAILABLE 

0.8264 0 0.2887 0 

PCT. OF 
TIME OPEN 

0.9775 
0.9829 

MAXIMUM 
UTILIZATION 

1 
1 

MAXIMUM 
AVAILABLE 

CURRENT 
UTILIZATION 

0 
1 

..... 
\0 
\0 



TANK TIME 
TOTAL TIME 

NUMBER IN SYS. 1 
NUMBER OF BRKDWN 
NUMBER OF BRKDOW 
TON OUTPUT 

FILE ASSOCIATED 
NUMBER NODE TYPE 

1 AWAIT 
2 AWAIT 
3 AWAIT 
4 AWAIT 
5 CALENDAR 

MEAN 
VALUE 

0.8901E+OO 
0. 1030E+01 

MEAN 
VALUE 

0.3365E+03 
0.3000E+01 
0.2433E+01 
0.4464E+03 

AVERAGE 
LENGTH 

0.0097 
0.0037 
0.0119 
0.0103 
3.9816 

S L A M S U M M A R Y R E P 0 R T 

SIMULATION PROJECT TANKS 

DATE 1/ 4/1984 

BY J. R. LEWIS 

RUN NUMBER 

CURRENT TIME 0.3600E+03 
STATISTICAL ARRAYS CLEARED AT TIME O.OOOOE+OO 

**STATISTICS FOR VARIABLES BASED ON OBSERVATION** 
STANDARD 
DEVIATION 

0. 1422E+OO 
0. 1961E+OO 

COEFF. OF 
VARIATION 

0. 1598E+OO 
0. 1904E+OO 

MINIMUM 
VALUE 

0.6964E+OO 
0.7128E+OO 

MAXIMUM 
VALUE 

0.2516E+01 
0.2557E+01 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 

STANDARD MINIMUM MAXIMUM TIME DEVIATION VALUE VALUE INTERVAL 
0. 1957E+03 O.OOOOE+OO 0.6780E+03 0.3600E+03 0. 1549E+01 O.OOOOE+OO 0.5000E+01 0.3600E+03 0. 1687E+01 O.OOOOE+OO 0.4000E+01 0.3600E+03 0.2549E+03 O.OOOOE+OO 0.9008E+03 0.3600E+03 

**FILE STATISTICS** 

STANDARD MAXIMUM CURRENT AVERAGE DEVIATION LENGTH LENGTH WAITING TIME 
0.0982 1 0 0.0013 0.0608 1 0 0.0020 0. 1085 I 0 0.0063 0. 1009 1 0 0.0008 0.5857 6 4 0.0871 

2 OF 10 

NUMBER OF 
OBSERVATIONS 

678 
678 

CURRENT 
VALUE 

0.6780H03 
0.5000E+01 
0.4000E+01 
0.9008E+03 

t-.) 

0 
0 



**RESOURCE STATISTICS** 
RESOURCE RESOURCE CURRENT AVERAGE STANDARD NUMBER LABEL CAPACITY UTIliZATION DEVIATION 

1 WC1 1 o. 1685 0.3743 2 WC2 1 0.7136 0.4521 

RESOURCE RESOURCE CURRENT AVERAGE MINIMUM NUMBER LABEL AVAILABLE AVAILABLE AVAILABLE 

1 WC1 1 0.8315 0 2 WC2 0 0.2864 0 

**GATE STATISTICS** 

GATE GATE CURRENT PCT. OF NUMBER LABEL STATUS TIME OPEN 

1 CR1 OPEN 0.9890 2 CR2 OPEN 0.9894 

MAXIMUM 
UTILIZATION 

1 
1 

MAXIMUM 
AVAILABLE 

CURRENT 
UTILIZATION 

0 
1 

t-.l 
0 
...... 



TANK TIME 
TOTAL TIME 

NUMBER IN SYS. 1 
NUMBER OF BRKDWN 
NUMBER OF BRKDOW 
TON OUTPUT 

FILE ASSOCIATED 
NUMBER NODE TYPE 

1 AWAIT 
2 AWAIT 
3 AWAIT 
4 AWAIT 
5 CALENDAR 

MEAN 
VALUE 

0.8912E+OO 
0. 1032E+01 

MEAN 
VALUE 

0.3360E+03 
0.9563E+01 
0.2167E+01 
0.4641E+03 

AVERAGE 
LENGTH 

0.0345 
0.0000 
0.0020 
0.0027 
5.6135 

S L A M S U M M A R Y R E P 0 R T 

SIMULATION PROJECT TANKS 

DATE 1/ 4/1984 

BY J. R. LEWIS 

RUN NUMBER 

CURRENT TIME 0.3600E+03 
STATISTICAL ARRAYS CLEARED AT TIME O.OOOOE+OO 

**STATISTICS FOR VARIABLES BASED ON OBSERVATION** 

STANDARD 
DEVIATION 

0. 1962HOO 
0. 2611E+OO 

COEFF. OF 
VARIATION 

0.2202E+OO 
0.2530E+OO 

MINIMUM 
VALUE 

0.6823E+OO 
0.7111E+OO 

MAXIMUM 
VALUE 

0.4425E+01 
0.4548E+01 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 

STANDARD MINIMUM MAXIMUM TIME 
DEVIATION VALUE VALUE INTERVAL 

0. 1913E+03 O.OOOOE+OO 0.6640E+03 0.3600E+03 
0.6280E+01 O.OOOOE+OO 0.2200E+02 0.3600E+03 
0. 1157E+01 O.OOOOE+OO 0.4000E+01 0.3600E+03 
0.2639E+03 O.OOOOE+OO 0.9193E+03 0.3600E+03 

**FILE STATISTICS** 

STANDARD MAXIMUM CURRENT AVERAGE 
DEVIATION LENGTH LENGTH WAITING TIME 

0. 1824 1 0 0.0047 
0.0000 1 0 0.0000 
0.0445 1 0 0.0011 
0.0517 1 0 0.0002 
1. 1599 9 7 o. 1240 

3 OF 10 

NUMBER OF 
OBSERVATIONS 

664 
664 

CURRENT 
VALUE 

0.6640E+03 
0.2200E+02 
0.4000E+01 
0.9193E+03 

N 
0 
N 



**RESOURCE STATISTICS** 

RESOURCE RESOURCE CURRENT AVERAGE STANDARD MAXIMUM CURRENT NUMBER LABEL CAPACITY UTILIZATION DEVIATION UTILIZATION UTILIZATION 

1 
2 

RESOURCE 
NUMBER 

1 
2 

WC1 
WC2 

RESOURCE 
LABEL 

we 1 
WC2 

CURRENT 
AVAILABLE 

1 
0 

0. 1553 
0.6893 

AVERAGE 
AVAILABLE 

0.8447 
0. 3107 

**GATE STATISTICS** 

GATE GATE CURRENT PCT. OF NUMBER LABEL STATUS TIME OPEN 

1 CR1 OPEN 0.9595 2 CR2 OPEN 0.9958 

0.3622 
0.4628 

MINIMUM 
AVAILABLE 

0 
0 

MAXIMUM 
AVAILABLE 

0 
1 

to..) 

0 
w 



TANK TIME 
TOTAL TIME 

NUMBER IN SYS. 1 
NUMBER OF BRKOWN 
NUMBER OF BRKDOW 
TON OUTPUT 

FILE ASSOCIATED 
NUMBER NODE TYPE 

1 AWAIT 
2 AWAIT 
3 AWAIT 
4 AWAIT 
5 CALENDAR 

MEAN 
VALUE 

0.8747E+OO 
0. 1026E+01 

MEAN 
VALUE 

0.3431E+03 
0.2134E+01 
0.3167E+01 
0.4786E+03 

AVERAGE 
LENGTH 

0.0018 
0.0000 
0.0021 
0.0030 
5.0104 

S L A M S U M M A R Y R E P 0 R T 

SIMULATION PROJECT TANKS 

DATE 1/ 4/1984 

BY J. R. LEWIS 

RUN NUMBER 

CURRENT TIME 0.3600E+03 
STATISTICAL ARRAYS CLEARED AT TIME O.OOOOE+OO 

**STATISTICS FOR VARIABLES BASED ON OBSERVATION** 
STANDARD 
DEVIATION 

0.5970E-01 
0. 1742E+OO 

COEFF. OF 
VARIATION 

0.6826E-01 
0. 1697E+OO 

MINIMUM 
VALUE 

0.6349E+OO 
0.6412E+OO 

MAXIMUM 
VALUE 

0. 1285E+01 
0.1813E+01 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 

STANDARD MINIMUM MAXIMUM TIME DEVIATION VALUE VALUE INTERVAL 
0. 1984E+03 O.OOOOE+OO 0.6860E+03 0.3600E+03 0. 1157E+01 O.OOOOE+OO 0.5000E+01 0.3600E+03 0. 1985E+01 O.OOOOE+OO O.GOOOE+01 0.3600E+03 0.2756E+03 O.OOOOE+OO 0.9479E+03 0.3600E+03 

**FILE STATISTICS** 

STANDARD MAXIMUM CURRENT AVERAGE DEVIATION LENGTH LENGTH WAITING TIME 
0.0428 1 0 0.0002 0.0000 1 0 0.0000 0.0453 1 0 0.0011 0.0544 1 0 0.0002 0.6299 8 7 0. 1078 

4 OF 10 

NUMBER OF 
OBSERVATIONS 

687 
686 

CURRENT 
VALUE 

0.6860E+03 
0.5000E+01 
0.6000E+01 
0.9479E+03 

N 
0 
~ 



RESOURCE RESOURCE CURRENT NUMBER LABEL CAPACITY 

I wet 1 2 WC2 1 

RESOURCE RESOURCE CURRENT NUMBER LABEL AVAILABLE 
1 wet 0 2 WC2 0 

**GATE STATISTICS** 
GATE GATE CURRENT NUMBER LABEL STATUS 

1 CRt OPEN 2 CR2 OPEN 

**RESOURCE STATISTICS** 
AVERAGE STANDARD UTILIZATION DEVIATION 

0.1605 0.3671 
0.7152 0.4513 

AVERAGE MINIMUM 
AVAILABLE AVAILABLE 

0.8395 0 0.2848 0 

PCT. OF 
TIME OPEN 

0.9965 
0.9963 

MAXIMUM 
UTILIZATION 

MAXIMUM 
AVAILABLE 

CURRENT 
UTILIZATION 

"' 0 
l11 



TANK TIME 
TOTAl TIME 

NUMBER IN SYS. 1 
NUMBER OF BRKDWN 
NUMBER OF BRKDOW 
TON OUTPUT 

FILE ASSOCIATED 
NUMBER NODE TYPE 

1 AWAIT 
2 AWAIT 
3 AWAIT 
4 AWAIT 
5 CALENDAR 

MEAN 
VAlUE 

0.8895E+OO 
0. 1044E+01 

MEAN 
VALUE 

0.3341E+03 
0.4967E+01 
0.2833E+01 
0.4404E+03 

AVERAGE 
LENGTH 

0.0209 
0.0009 
0.0068 
0.0056 
3.9960 

S l A M S U M M A R Y R E P 0 R T 

SIMUlATION PROJECT TANKS 

DATE 1/ 4/1984 

BY J. R. lEWIS 

RUN NUMBER 

CURRENT TIME 0.3600E+03 
STATISTICAl ARRAYS ClEARED AT TIME O.OOOOE+OO 

**STATISTICS FOR VARIABlES BASED ON OBSERVATION** 
STANDARD 
DEVIATION 

0. 1644E+OO 
0.2319E+OO 

CLEFF. OF 
VARIATION 

0. 1848E+OO 
0.2221E+OO 

MINIMUM 
VAlUE 

0.6489E+OO 
0.6864E+OO 

MAXIMUM 
VAlUE 

0.3044E+01 
0.3094E+01 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 
STANDARD MINIMUM MAXIMUM TIME DEVIATION VALUE VALUE INTERVAL 

0. 1954E+03 O.OOOOE+OO 0.6740E+03 0.3600E+03 0.2168E+01 O.OOOOE+OO 0.8000E+01 0.3600E+03 0. 1267E+01 O.OOOOE+OO 0.4000E+01 0.3600E+03 0.2590E+03 O.OOOOE+OO 0.8982E+03 0. 3600E i·03 

**FILE STATISTICS** 

STANDARD MAXIMUM CURRENT AVERAGE DEVIATION LENGTii LENGTH WAITING TIME 
0. 1431 1 0 0.0028 0.0297 1 0 0.0005 0.0822 1 0 0.0036 0.0746 1 0 0.0004 0.6190 6 3 0.0879 

5 OF 10 

NUMBER OF 
OBSERVATIONS 

674 
674 

CURRENT 
VALUE 

0.6740E+03 
0.8000E+01 
0.4000E+01 
0.8982E+03 

N 
0 
0'1 



RESOURCE RESOURCE CURRENT NUMBER LABEL CAPACITY 

1 WC1 1 
2 WC2 1 

RESOURCE RESOURCE CURRENT NUMBER LABEL AVAILABLE 

1 WC1 0 
2 WC2 1 

**GATE STATISTICS** 

GATE GATE CURRENT NUMBER LABEL STATUS 

1 CR1 OPEN 
2 CR2 OPEN 

**RESOURCE STATISTICS** 

AVERAGE STANDARD 
UTILIZATION DEVIATION 

o. 1626 0.3690 
0. 7056 0. 4558 

AVERAGE MINIMUM 
AVAILABLE AVAILABLE 

0.8374 0 
0.2944 0 

PCT. OF 
TIME OPEN 

0.9772 
0.9934 

MAXIMUM 
UTILIZATION 

1 
1 

MAXIMUM 
AVAILABLE 

CURRENT 
UTILIZATION 

1 
0 

tv 
0 
-...J 



TANK TIME 
TOTAL TIME 

NUMBER IN SYS. 1 
NUMBER OF BRKDWN 
NUMBER OF BRKDOW 
TON OUTPUT 

FILE ASSOCIATED 
NUMBER NODE TYPE 

1 AWAIT 
2 AWAIT 
3 AWAIT 
4 AWAIT 
5 CALENDAR 

MEAN 
VALUE 

0.8955E+OO 
0. 1044E+01 

MEAN 
VALUE 

0.3346E+03 
0.4669E+01 
0.5667E+OO 
0.4391E+03 

AVERAGE 
LENGTH 

0.0215 
0.0062 
0.0109 
0.0097 
4.6390 

S L A ~14 S U M M A R Y R E P 0 R T 

SIMULATION PROJECT TANKS BY J. R. LEWIS 

DATE 1/ 4/1984 RUN NUMBER 

CURRENT TIME 0.3600E+03 
STATISTICAL ARRAYS CLEARED AT TIME O.OOOOE+OO 

**STATISTICS FOR VARIABLES BASED ON OBSERVATION** 

STANDARD 
DEVIATION 

0.2201E+OO 
0.2793E+OO 

COEFF. OF 
VARIATION 

0.2458E+OO 
0.2676E+OO 

MINIMUM 
VALUE 

0.6513E+OO 
0.6369E+OO 

MAXIMUM 
VALUE 

0.4002E+01 
0.4066E+01 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 

STANDARD MINIMUM MAXIMUM TIME 
DEVIATION VALUE VALUE INTERVAL 

0. 1925E+03 O.OOOOE+OO 0.6700E+03 0.3600E+03 
0.3006E+01 0. OOOOE +oo· 0.9000E+01 0.3600E+03 
0.8439E+OO O.OOOOE+OO 0.2000E+01 0.3600E+03 
0.2475E+03 O.OOOOE+OO 0.8835E+03 0.3600E+03 

**FILE STATISTICS** 

STANDARD MAXIMUM CURRENT AVERAGE 
DEVIATION LENGTH LENGTH WAITING TIME 

0. 1450 1 0 0.0029 
0.0787 1 0 0.0033 
0. 1038 1 0 0.0058 
0.0983 1 0 0.0008 
0.7524 7 6 0. 1023 

6 OF 10 

NUMBER OF 
OBSERVATIONS 

671 
670 

CURRENT 
VALUE 

0.6700E+03 
0.9000E+01 
0.2000E+01 
0.8835E+03 

!'.) 

0 
00 



RESOURCE 
NUMBER 

1 
2 

RESOURCE 
NUMBER 

1 
2 

GATE 
NUMBER 

1 
2 

**RESOURCE STATISTICS** 

RESOURCE CURRENT AVERAGE STANDARD 
LABEL CAPACITY UTILIZATION DEVIATION 

WC1 1 0. 1654 0.3716 
WC2 1 0. 7048 0.4562 

RESOURCE CURRENT AVERAGE MINIMUM 
LABEL AVAILABLE AVAILABLE AVAILABLE 

WC1 1 0.8346 0 
WC2 0 0.2952 0 

**GATE STATISTICS** 

GATE CURRENT PCT. OF 
LABEL STATUS TIME OPEN 

CR1 OPEN 0.9761 
CR2 OPEN 0.9899 

MAXIMUM 
UTILIZATION 

1 
1 

MAXIMUM 
AVAILABLE 

CURRENT 
UTILIZATION 

0 
1 

t-J 
0 
\0 



TANK TIME 
TOTAL TIME 

NUMBER IN SYS. 1 
NUMBER OF BRKDWN 
NUMBER OF BRKDOW 
TON OUTPUT 

FILE ASSOCIATED 
NUMBER NODE TYPE · 

1 AWAIT 
2 AWAIT 
3 AWAIT 
4 AWAIT 
5 CALENDAR 

MEAN 
VALUE 

0.8734E+OO 
0. 1016E+01 

MEAN 
VALUE 

0.3442E+03 
0.2667E+OO 
0.6667E+OO 
0.4366E+03 

AVERAGE 
LENGTH 

0.0000 
0.0010 
0.0059 
0.0048 
4.0126 

S L A M S U M M A R Y R E P 0 R T 

SIMULATION PROJECT TANKS BY J. R. LEWIS 

DATE 1/ 4/1984 RUN NUMBER 

CURRENT TIME 0.3600E+03 
STATISTICAL ARRAYS CLEARED AT TIME O.OOOOE+OO 

**STATISTICS FOR VARIABLES BASED ON OBSERVATION** 

STANDARD 
DEVIATION 

0.7591E-01 
0. 1761E+OO 

COEFF. OF 
VARIATION 

0.8690E-01 
0. 1734E+OO 

MINIMUM 
VALUE 

0.6677E+OO 
0.7128E+OO 

MAXIMUM 
VALUE 

0. 1725E+01 
0.2150E+01 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 

STANDARD MINIMUM MAXIMUM TIME 
DEVIATION VALUE VALUE INTERVAL 

0. 1998E+03 O.OOOOE+OO 0.6890E+03 0.3600E+03 
0.4422E+OO O.OOOOE+OO 0.2000E+01 0.3600E+03 
0. 1075E+01 O.OOOOE+OO 0. 4000E+01 0.3600E+03 
0.2569E+03 O.OOOOE+OO 0.9029E+03 0.3600E+03 

*•FILE STATISTICS** 

STANDARD MAXIMUM CURRENT AVERAGE 
DEVIATION LENGTH LENGTH WAITING TIME 

0.0000 0 0 0.0000 
0.0312 1 0 0.0005 
0.0765 1 0 0.0031 
0.0689 1 0 0.0004 
0.5589 7 4 0.0864 

7 OF 10 

NUMBER OF 
OBSERVATIONS 

690 
689 

CURRENT 
VALUE 

0.6890E+03 
0.2000E+01 
0.4000E+01 
0.9029E+03 

I\.) 

..... 
0 



RESOURCE RESOURCE CURRENT 
NUMBER LABEL CAPACITY 

1 WC1 1 
2 WC2 1 

RESOURCE RESOURCE CURRENT 
NUMBER LABEL AVAILABLE 

1 WC1 1 
2 WC2 1 

**GATE STATISTICS** 

GATE GATE CURRENT 
NUMBER LABEL STATUS 

1 CR1 OPEN 
2 CR2 OPEN 

**RESOURCE STATISTICS** 

AVERAGE STANDARD 
UTILIZATION DEVIATION 

o. 1643 0.3706 
0. 7163 0.4508 

AVERAGE MINIMUM 
AVAILABLE AVAILABLE 

0.8357 0 
0.2837 0 

PCT. OF 
TIME OPEN 

0.9995 
0.9937 

MAXIMUM 
UTI L1 ZA TI ON 

1 
1 

MAXIMUM 
AVAILABLE 

CURRENT 
UTILIZATION 

0 
0 

"' ..... ..... 



TANK TIME 
TOTAL TIME 

NUMBER IN SYS. 1 
NUMBER OF BRKDWN 
NUMBER OF BRKDOW 
TON OUTPUT 

FILE ASSOCIATED 
NUMBER NODE TYPE 

t AWAIT 
2 AWAIT 
3 AWAIT 
4 AWAIT 
5 CALENDAR 

MEAN 
VALUE 

0.9027E+OO 
0. 1058E+01 

MEAN 
VALUE 

0.3382E+03 
0.3928E+01 
0.4131E+01 
0.4844E+OJ 

AVERAGE 
LENGTH 

0.0179 
0.0094 
0.0181 
0.0160 
4.9887 

S L A M S U M M A R Y R E P 0 R T 

SIMULATION PROJECT TANKS 

DATE 1/ 4/1984 

BY J. R. LEWIS 

RUN NUMBER 

CURRENT TIME 0.3600E+03 
STATISTICAL ARRAYS CLEARED AT TIME O.OOOOE+OO 

**STATISTICS FOR VARIABLES BASED ON OBSERVATION** 

STANDARD 
DEVIATION 

0.2554E+OO 
0.3159E+OO 

COEFF. OF 
VARIATION 

0.2829E+OO 
0.2987E+OO 

MINIMUM 
VALUE 

0.6697E+OO 
0.7036E+OO 

MAXIMUM 
VALUE 

0.3728E+Ot 
0.4079E+01 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 

STANDARD MINIMUM MAXIMUM TIME 
DEVIATION VALUE VALUE INTERVAL 

0. 1956E+OJ O.OOOOE+OO 0.6720E+03 0.3600E+03 0.2165E+01 O.OOOOE+OO 0.9000E+01 0.3600E+03 0.2391E+Ot O.OOOOE+OO 0.7000E+01 0.3600E+03 0.2770E+03 O.OOOOE+OO 0.9518E+03 0.3600E+03 

**FILE STATISTICS** 

STANDARD MAXIMUM CURRENT AVERAGE 
DEVIATION LENGTH LENGTH WAITING TIME 

0. 1325 1 0 0.0024 
0.0966 1 0 0.0050 
0. 1335 1 0 0.0097 
0. 1254 1 0 0.0012 
0. 7668 8 7 0. 1095 

8 OF tO 

NUMBER OF 
OBSERVATIONS 

672 
672 

CURRENT 
VALUE 

0.6720E+OJ 
0.9000E+01 
0.7000E+Ot 
0.9518E+OJ 

"-> 
1-' 
"-> 



RESOURCE RESOURCE CURRENT 
NUMBER LABEL CAPACITY 

1 WC1 1 
2 WC2 1 

RESOURCE RESOURCE CURRENT 
NUMBER lABEL AVAILABLE 

1 WC1 1 
2 WC2 0 

**GATE STATISTICS** 

GATE GATE CURRENT 
NUMBER lABEL STATUS 

1 CR1 OPEN 
2 CR2 OPEN 

**RESOURCE STATISTICS** 

AVERAGE STANDARD 
UTILIZATION DEVIATION 

0.1728 0.3781 
0.7152 0.4513 

AVERAGE MINIMUM 
AVAILABLE AVAILABLE 

0.8272 0 
0.2848 0 

PCT. OF 
TIME OPEN 

0.9796 
0.9827 

MAXIMUM 
UTI Ll ZA T1 ON 

1 
1 

MAXIMUM 
AVAILABLE 

CURRENT 
UTILIZATION 

0 
1 

to.) 

..... 
w 



TANK TIME 
TOTAL TIME 

NUMBER IN SYS. 1 
NUMBER OF BRKDWN 
NUMBER OF BRKDOW 
TON OUTPUT 

FILE ASSOCIATED 
NUMBER NODE TYPE 

t AWAIT 
2 AWAIT 
3 AWAIT 
4 AWAIT 
5 CALENDAR 

MEAN 
VALUE 

0.8829E+OO 
0. 1039E+01 

MEAN 
VALUE 

0.3404E+03 
0. 1767E+01 
0. 1733E+01 
0.4509E+03 

AVERAGE 
LENGTH 

0.0036 
0.0032 
0.0079 
0.0068 
4.0289 

S L A M S U M M A R Y R E P 0 R T 

SIMULATION PROJECT TANKS 

DATE 1/ 4/1984 
BY J. R. LEWIS 

RUN NUMBER 

CURRENT TIME 0.3600E+03 STATISTICAL ARRAYS CLEARED AT TIME O.OOOOE+OO 

**STATISTICS FOR VARIABLES BASED ON OBSERVATION** 
STANDARD 
DEVIATION 

0. 1064E+OO 
0. 1945E+OO 

COEFF. OF 
VARIATION 

0. 1205E+OO 
0. 1871E+OO 

MINIMUM 
VALUE 

0.6187E+OO 
0.7133E+OO 

MAXIMUM 
VI\LUE 

0. 1994E+01 
0.2154E+01 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 
STANDARD MINIMUM MAXIMUM TI.ME DEVIATION VALUE VALUE INTERVAL 

0. 1986E+03 O.OOOOE+OO 0.6840E+03 0.3600E+03 0.6155E+OO O.OOOOE+OO 0.3000E+01 0.3600E+03 0. 1413E+01 O.OOOOE+OO 0.4000E+01 0.3600E+03 0.2690E+03 O.OOOOE+OO 0.9239E+03 0.3600E+03 

**FILE STATISTICS** 

STANDARD MAXIMUM CURRENT AVERAGE DEVIATION LENGTH LENGTH WAITING TIME 
0.0597 1 0 0.0005 0.0564 1 0 0.0017 0.0884 t 0 0.0041 0.0823 t 0 0.0005 0.5689 6 3 0.0875 

9 OF 10 

NUMBER OF 
OBSERVATIONS 

684 
684 

CURRENT 
VALUE 

0.6840E+03 
0.3000F.+01 
0.4000E+01 
0.9239E+03 

N 
...... 
.c=. 



RESOURCE RESOURCE CURRENT 
NUMBER LABEL CAPACITY 

t wet t 
2 WC2 1 

RESOURCE RESOURCE CURRENT 
NUMBER LABEL AVAILABLE 

1 wet 1 
2 WC2 1 

**GATE STATISTICS** 

GATE GATE CURRENT 
NUMBER LABEL STATUS 

1 CRt OPEN 
2 CR2 OPEN 

**RESOURCE STATISTICS** 

AVERAGE STANDARD 
UTILIZATION DEVIATION 

0. 1653 0.37t4 
0.7t72 0.4504 

AVERAGE MINIMUM 
AVAILABLE AVAILABLE 

0.8347 0 
0.2828 0 

PCT. OF 
TIME OPEN 

0.9952 
0.9926 

MAXIMUM 
UTILIZATION 

1 
1 

MAXIMUM 
AVAILABLE 

CURRENT 
UTiliZATION 

0 
0 

1\) .... 
l11 



TANK TIME 
TOTAL TIME 

NUMBER IN SYS. 1 
NUMl1ER OF BRKOWN 
NUMBER OF BRKOOW 
TON OUTPUT 

MEAN 
VALUE 

0.8785E+OO 
0. 1025E+01 

MEAN 
VALUE 

0.3390E+03 
0. 1300E+01 
0.2333E+01 
0.4842E+03 

FILE ASSOCIATED AVERAGE 
NUMBER NODE TYPE LENGTH 

1 AWAIT 0.0075 
2 AWAIT 0.0007 
3 AWAIT 0.0062 
4 AWAIT 0.0047 
5 CALENDAR 4.0085 

S L A M S U M M A R Y R E P 0 R T 

SIMULATION PRO~ECT TANKS BY ~- R. LEWIS 

DATE 1/ 4/1984 RUN NUMBER 

CURRENT TIME 0.3600E+03 
STATISTICAL ARRAYS CLEARED AT TIME O.OOOOE+OO 

**STATISTICS FOR VARIABLES BASED ON OBSERVATION** 

STANDARD 
DEVIATION 

0. 1250E+OO 
0. 1945E+OO 

COEFF. OF 
VARIATION 

0. 1423E+OO 
o. 1898E+oo 

MINIMUM 
VALUE 

0.6739E+OO 
0.6992E+OO 

MAXIMUM 
VALUE 

0. 3411E+01 
0.3492E+01 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 

STANDARD MINIMUM MAXIMUM TIME 
DEVIATION VALUE VALUE INTERVAL 

0. 1983E+03 O.OOOOE+OO 0.6850E+03 0.3600E+03 
0.8622E+OO 0. 0l100E+OO 0.2000E+01 0.3600E+03 
0. 1274E+01 O.O<iOOE+OO 0.5000E+01 0.3600E+03 
0.2720E+03 O.OOOOE+OO 0.9511E+03 0.3600E+03 

**FILE STATISTICS** 

STANDARD MAXIMUM CURRENT AVERAGE 
DEVIATION LENGTH LENGTH WAITING TIME 

0.0865 1 0 0.0010 
0.0264 1 0 0.0004 
0.0787 1 0 0.0033 
0.0683 1 0 0.0004 
0.5704 6 4 0.0869 

10 OF 10 

NUMBER OF 
OBSERVATIONS 

685 
685 

CURRENT 
VALUE 

0.6850E+03 
0.2000E~01 
0.5000E+OI 
0.9511E+03 

"" .... 
0\ 



RESOURCE RESOURCE CURRENT 
NUMBER LABEL CAPACITY 

1 WC1 1 
2 WC2 1 

RESOURCE RESOURCE CURRENT 
NUMBER LABEL AVAILABLE 

1 WC1 1 
2 WC2 0 

**GATE STATISTICS** 

GATE GATE CURRENT 
NUMBER LABEL STATUS 

1 CR1 OPEN 
2 CR2 OPEN 

**RESOURCE STATISTICS** 

AVERAGE STANDARD 
UTILIZATION DEVIATION 

0. 1644 0.3707 
0.7144 0.4517 

AVERAGE MINIMUM 
AVAILABLE AVAILABLE 

0.8356 0 
0.2856 0 

PCT. OF 
TIME OPEN 

0.9921 
0.9942 

MAXIMUM 
UTILIZATION 

1 
1 

MAXIMUM 
AVAILABLE 

CURRENT 
UTILIZATION 

0 
1 

N 
...... 
-...J 
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fiOUilNG FOR f'IIODUCT TYPE& LIJllE 

OPERA liON STATION f'IWCESSING OPERAHON 
Nll~lliUI NUtii:EII TIME FREI~UE:tiC ( 

6.710 1.000 
2 2 6.680 1. OliO 
3 :> ,710 1 , IIIlO 
4 ., 13.600 1.ooo 

f.:; 3 ,710 t. 000 
t. 5 • '720 1.000 
7 6 6.740 1.1100 
8 7 . 710 1 . 0 011 
9 0 • 9:50 I , 0110 

I 0 9 6.670 I. 0011 
I 1 1 0 2.3110 I. 0110 

WOIII(LI),~J) SUMMARY FOR THIS PRODUCT TYPE 

STATION NllMliER OF VISIT lOTAL AVERAI>E RELATIVE VISifB FREQUENCY f'ROCCSS TIME PROCESS TiriE W~RKLOAD 

1 HOLD 1. 000 .091 ,, . 71 () 
2 CAU:J 1, OliO .0?1 6.680 
3 ew I 2.000 . 1U2 1.4211 
4 ACID I , 000 .on 13.600 
5 HW 1. 000 ,091 .7211 
1:. I'HOU I, 1100 ,OYl 6.740 
7 CLI II 1. 0011 .091 ,710 a NLUT I . Oil 0 . 0')1 ,950 
9 SOAP I. OliO .1191 6.670 

10 11fl'o' 1. 000 . ll~'l 2.300 

AVERAGE NIJNEIER OF OPERATIONS TO COMPLETE ONE 11.000 
DEDIRED FRACTION OF I'ROliiJCTION • .090 

VA~UE OF ONE ITEM • 1.00 

6.710 .610 
6. t.oo .607 

.710 . 129 
13. t.oo 1. 2:.~6 

.7211 .065 
6.'7•10 .613 

.710 .065 
, C]50 .llt16 

6.670 .l:.llb 
2.300 .2119 

t\.) 

...... 
\0 



' fWUllNL fOR PRODUCT TYPE 1 PliO 

OPERATION STATION PROCESSING OPERAHON 
NUI-li'•Efl NUHilER TIME FREQUENCY 

6.710 1. 000 
2 :.! 6.6ElQ 1.000 
3 3 .710 1. 000 
4 4 13.600 1. PO 0 
5 3 .710 I , 000 
6 5 .'120 I. 000 
7 6 6.740 1 • 000 
u 7 .710 1 . 0 (I (l 
9 10 2.300 1.ooo 

WORKLOAD SUMMARY FOR THIS PRODUCT TYPE 

STATION NUMBER OF VISIT TOTAL AVERAGE RE:LAliVE 
VHII fS FREf4UENCY PROCE!iS TIME F'ROCESS TII1E WOFlKLOt.J> 

1 UOLD 1.000 .ttl 6.710 6.710 .746 
2 CAUH 1.000 .111 6.680 6. 6{10 .742 
J CW I 2.000 .222 1.420 .710 • 15(:1 
4 ACID 1 . 11110 . 111 13.600 13.600 1 . 51 'I 
5 HW 1.000 . 11 I .720 .720 .oao 
b Puo::: 1 . 00 0 . 11 I 6.740 6.'740 .749 
7 CW II I. 000 .111 .7'10 .710 . 0'?9 

10 DRY 1 . 000 , I I 1 2.300 2. JO'O . 2~·,6 

AVERAGE NUMBER OF OPERATIONS TO COMPLETE ONE 9.000 
l>EGIUED FRACllON OF PROl>llCTIOU " • 040 

VALUE OF ONE ITEM • t.OO 

I\) 
I\) 
0 



HUUII~G FOR PRODUCT TYPE1 lRI 

OPERAHON STAHON PROCESSING OPERATION NUMl•ER NUIIliER TIME FRICQUE:IIC:Y 

1 1 6.710 1. 0 00 2 ;:! 6.680 t. 000 3 :J .710 1.000 •1 .... 13.600 1.000 ~j J .710 1.000 6 5 .no 1.000 7 10 2.300 1.000 
WORKLOAD SUMMARY FOR THIS PRODUCT TYPE 

STATION NUMBER OF VISIT JOTAI. AVERAGE JHci.IHIVE VISI IG F'REQUE.NCY PROCESS TIME PROCESS 1 HiE WOflKLI:U•I> 

UOI.D 1. 000 . 143 6.710 
~~ CAlJn 1 . 0 il 0 . I 43 6.680 
~i CW I 2.0110 .21]6 1. 420 .... ACID 1 . (IIJ 0 , I '13 13.600 5 llW 1.000 .143 .no 1 u DllY 1 • 000 .1•13 2.300 

AVEJ<AGE NIJN&ER OF fJPENATIONS TO COMPLETE ONE 7.000 DESIRED FRACflON OF PRODUCTION • .070 

VALUE: OF ONE ITEM l. 00 

6.710 .959 
6.660 ,CJ5 .. l 

• 71 I) .203 
13.600 1 .'i43• 

.720 . 103 
2.300 .~3t~~9 

N 
N ..... 



INPUf DIHA SUitMARY 

NUI1BER OF' VISIT AVERAGE 
STATION SERVE".ICS FREQUENCY PROCESSING TIHE 

HOLJ) 1 ,09390 6.71000 

<.! CAliS 1 • 093'}8 6.68000 

3 CW I 1 .10797 ,71000 

4 ACID 1 • 093'18 13.60000 

5 HW 1 • 093'}8 .72000 

6 PHOS 1 .08'141 b.74000 

7 CW II 1 .08741 .71000 

0 NEUT 1 .OB:Sb5 ,95000 

9 SOAP 1 .110365 6.67000 

10 DRY 1 , 0'/l'i'B 2.30000 

11 CRANE 1 .09390 • 18000 

NUi1llER OF ITEI1S IN SYSlEH "' 2 

tiE AN NU11liER OF OPERATIONS TO COI1PLETE AN ITEH 10,640 00 

Rt::LATIVE 
WORKl.llAD 

.63064 

.b27fl2 

.13346 

1.27820 

,06767 

.5(1912 

• 0#.206 

.07946 

.55792 

.~1617 

.10000 

WOI~KLOAD 
PER SERVER 

.6306 

.6278 

.1335 

1 ... ~782 

,0677 

• !')891 

,0621 

. 079~; 

.5579 

.2162 

.HIOO 

to..) 
to..) 
to..) 



SVS"TEI1 PERfOki1ANCE tiEASURES 

PRODUCTION RATE • I!, 1 S'2 ITEMS PER HOUR 

PRODUCTION RATES 9Y PRODUCT TYPE 

NUMBER VALUE 
LUBE 1. 951 1 .951 
PHil ,OBS .oas 
TRI .153 • 153 

TOTAL VALUE "' 2.192 

AVERAGE TlhE IN SYSTEM = 54.'14 t1IUUTES 

PROCESSING 45.14 
TkAVELING 1.92 
WAITING 7.69 

FUtl(: TlONS Of N, NUMEIE::R OF 1 fEMS IN HIE SVSTEI1 

N PRODUCTION RATE AVERAGE TitlE IN THE 

1.275 47.ot•a 
2 2.192 54.744 
3 2.854 aJ. 063 
4 3.332 72 I 029 
5 3.674 1:11.0<19 
6 J. '.117 91 .917 
7 4. 085 102.£1114 

IIIF 4.412 INF 

THE BOTTLENECK STATION IS 4 

SVSTEM 

fl.) 
fl.) 
w 



SUrlllt<ll'l' FOil b I A 11 ON i41JMIJER 1 1 UULD 

/lUMBER OF 
SERIJER!J 

SERVER 
UTILIZATION 

AVE, Nil. OF 
BUSY SERVERS 

,245 

STEADY STATE AVERAGE NUMBER OF 1 

ITEMS WAITING 
ITEMS IN PROCEDS 
ITEMS WAITING 

AVERAGE fiHE SPENT AT TfliS SlATION 

TOTAL TIME !MINUTES> 
PROCESSING 
WAITING 

.245 

FRACliON OF TIME X ITEMS AT STATIO~ 

X = 0 .7549 
X ; 1 ,2451 
X ~ 2 .0350 

.560 

.245 
.315 

PER OPERAliON 

15.334 
6.710 
El. 62 ·l 

X ITEMS EXC(EDED 

.2451 
.0000 
IIIII 

PFR ITEM 

15.334 
6.710 
a .6~'.4 

1\.) 
1\.) 

.a:=. 



SUMMAR¥ FOR SHHION NlltU•ER 2 1 CAUS 

NUMDER OF 
SERVERS 

SERVER 
UTILIZATION 

AVE, NO, OF 
BUSY SERVERS 

.2•14 

!HEADY STATE AVERAI;E NUMBEU OF 1 

ITEMS WAITING 
ITEMD IN PRDCEBS 
HEMS WAITING 

AVERAGE TIME SPENr AT THIS GTATION 

TOTAl .. TIME IMINIHES> 
PROCH;SJNG 
WI'. IT WI; 

.244 

FRACTION UF TIME X ITEMS AT STATION 

X " 0 .7560 
X ~ I .2440 X ~ 2 ,0346 

.557 

.244 
.313 

PE:R OI'ERATION 

15.257 
6.680 
1'1. f.i7:? 

X ITEMS EXCEEDED 

.2440 
• 00011 
tHH• 

PER IlEI1 

15. 2f)7 
6.6£10 
8,5'?7 

N 
N 
l11 



SUi·IMAR 1 FOil STI\llON tlUti&ER 3 1 Ul I 

UliMI:IER OF 
SERVERS 

SERVER 
UTILIZATION 

AVE. NO. OF 
EIUSY SERVERS 

.052 

STEADY STATE AVERAGE NUMBER OF 

ITEMS WAITING 
lTftiB IN PROCESS 
HEMS IIAITING 

.052 

.1 07 
. O~i2 
.055 

AVERAGE liME SPENT AT THIS SfATION f'ER Of'ERAllON 

TOTAL TIME <MINUTES> 
PROCESSING 
WAIHNI; 

FRACTIOII llF liME X ITEMS AT STATION 

X = 0 • '.i'-401 
X " I ,0:)19 
X = 2 • 0016 

1 . 4f.3 
.710 
.753 

X ITEMS EXCEEPED 

.0519 
• 0000 

'll'U4 

PER IlEi1 

2. 9;:!0 
1.420 
1. 50•'. 

1\) 
1\) 

0'1 



Slii111ARY fOR STAHON tlliMilER 4 1 ACID 

IIUtllii':R OF 
SE.fj VE.k {; 

SERVER 
UTILIZATION 

AVE, NO, OF 
BUSY SERVEr~5 

.497 

STEADY SlATE AVEI!AGE NUtlfiEf! OF 1 

ITEMS WAITING 
ITEMS IN PROCESS 
ITEMS WAITING 

. 4$'~' 

1. 201 
• 4'17 
.784 

AVERAGE TIME SPENT AT THIS STATION PER OPERATION 

TOTAL TIME <MINIJTESl 
PROCESSING 
WiHTING 

FRACTION llf liME X ITEMS AT STATION 

X "' 0 .5031 
X "' 1 • 4'169 
X ,,, 2 • 1436 

35, Obi 
13.t.OO 
·~1.461 

X ITEMS EXCEEDED 

.4969 
,0000 
UtU 

PER ITEI1 

35.061 
t:L600 
21. 4.'.>1 

N 
N 
-...! 



SUtlr~ARY FOR £i1All0N NUMilf:R 5 1 UW 

NUti£1Efl OF 
SERVERS 

SF RVER 
UHLI.!ATION 

AVE. NO, OF 
(IIJSY SERVERB 

.026 

STEADY STATE AVERAGE NUMBER OF 

IT ENS WAITING 
ITEMS IN PROCESS 
I rntS WAITING 

I 026 

• 053 
.026 
,027 

AVERAGE TIME SPENf AT THIS STATION PER Of'ERATION 

TOTAL TIME (MINUTES> 
PROCESGING 
WAHING 

FRACTION OF TIME X ITHIU AT STi•TIOtl 

X = 0 ,'J737 
X = 1 . 0263 
X = ~~ • 0 00··1 

1. 462 
.720 
.·;,42 

X ITEMS EXCEEDED 

,0263 
• 0000 
UtU 

PER Il'EI1 

1. 46:~ 
.72(1 
.742 

1\.) 
1\.) 
co 



SllhllARY f0f( SlAllON NUMBER ~ 1 PUOS 

NLIHBE:R Of 
SEkVEIIH 

SERVER 
.UllllZATION 

,22.9 

AVE. NO. OF 
BUSY SERVERS 

.229 

STEADY STATE AVERAGE NUMBER OF 1 

ITEHS WAITING .519 
ITEMS IN PROCESS .229 
ITEMS WAITING .290 

AVEktlGE HME SPEtH AT HilS orATION 

TOTAl.. TIME CHINUTES) 
PROI.:£ot::SING 
WAIHNt; 

FRACTIWI Of TIME X IlEMS AT STATION 

)( "' 0 • 7710 
X ,. 1 • 2<-:'JO 
X "' 2 ,0305 

PER OPEIMTION 

15.276 
6.740 
fJ I ~536 

X ITEMS EXCEEDED 

.229() 
• 0000 

4UU 

PER ITEM 

14.206 
6.261:1 
7.9;:m 

N 
N 
\0 



6UNn;;RY FUR !:liATION Nllrii.IER 7 CW II 

NUM~ER OF 
&ERVERS 

SERVER 
UTILIZ~TION 

.024 

AVE, NO. OF 
IIUSY SERVER B 

.024 
SlEAJ>Y SlATE AVERAGE UUNBEf~ (If 1 

ITEMS WAITING .049 ITEMS IN PROCEES .024 ITEMS WAITING ,025 

I'.VERAGE TitlE SPENT o'IT THIS 3111TION PER OPERATION 

TOTAL TINE CHINUTES> 
PROCESSING 
WAITING 

rru.cnou nF TIME X IlEHS AT STATIOII 

X "' 0 . 975~1 
X " t .0241 
X ~· ~~ .0003 

1. 440 
.710 
,730 

X ITEMS EXCEEDED 

.0241 
. 0000 
UHf 

PER ITEM 

t. 339 
. b~.o 
,b'/9 

tv 
w 
0 



6llhllf..R'I' FOR SIAHON UU11ULR 9 1 SUAP 

ffiJMDER OF 
BERUERD 

SERVER 
UTH lZATION 

.217 

AVE. NO, OF 
DUSY SERVERS 

.217 

GlEADY STATE AVERAGE NUMBER or 1 

ITEMS WAITING ,468 
IlTHS IN PROCESS .217 
ITEMS WAITING .272 

AVERAGE Tli1E SPENT AT THIS STATION 

TOTAL TIME < HINIHES l 
PROCESSING 
WoHTWG 

Ill ;,c II ON LlF II HE X ITEMD AT STATIOU 

X = 0 '7631 
X :;;; 1 .2169 
X " 2 ,0274 

PER OPERATION 

15.023 
6.670 
o. ::;s:J 

X IlEHS EXCEEDED 

.2169 
'0000 
tUU 

PEH 11TH 

13.370 
5.936 
7.4:>4 

1\J 
w ,_. 



SUMMRY FOR tHATION NUtWER 8 1 NEUT 

141.1119£11 OF 
SEfjVERS 

SERVER 
UTIU2.ATIOU 

,031 

AVE. NO. OF 
BUSY SERVER!'! 

.o:Jt 

STEADY STATE AVERAGE NUHBER OF 1 

ITEHS WAITING ,063 
IlEHG IN PROCE~S .031 
IlEt15 WAITING , 032 

AVERAGE riME SPEtH AT THIS STATION PER OPERAliON 

fOTAL TIME CHINUTESJ 
PROCESSING 
WAITINU 

FRACTION OF TIHE X ITEMS AT STATION 

X = 0 ,9691 
X = I .0::109 
X "' 2 .0006 

I. 93•1 
I 9~J() 

,984 

X ITEMS EXCFEllFI> 

. o:Jos• 
.oooo 
•uu 

PER ITE:11 

t. 721 
.846 
,8'76 

1\.) 

w 
1\.) 



SUI1ii.:.RY FOR SfAllotl IIUMltER 10 1 I>RY 

lllJMEtER OF 
SERVERS 

SERVER 
Ulll J:zATION 

AVE. NO, OF 
liUSY SERVERS 

, OIJ4 

STEADY BTATE AVERAGE IIUH&ER OF 1 

ITEMS WAITING 
ITEM& IN PHOCE&S 
ITEMS WAITING 

.004 

, I 76 
. 004 
.092 

AVERAGE llhE SPEUI" AT THIS Sl'oHION PER OPERATION 

fOTAL TIME (MINUTES> 
PROCEESING 
WAITING 

FRAC liON IIF TIME X ITEMS oH STATIOU 

X ~ 0 ,9160 
X • I .0840 
X ~ ~:.~ .0041 

4.825 
2.300 
2 I 52t) 

X ITEMS EX~~EDEU 

. 06411 
. 0000 
UUI 

PER I'I'EM 

4.825 
2.300 
2. 5~~5 

1:\J 
w 
w 



SUI·Ii'li<R( FUll SIATION NU111<£R 11 1 CRANE 

NUMEif::R OF 
m:RVfi'IB 

SERVER 
UTILIZATION 

AVE. NO. OF 
DUSY SERVERS 

.070 

STEADY STATE AVEI<AGE IIUMDER OF 1 

I TE11S WAITING 
ITEMS IN PROCESS 
ITEM::> W•HTING 

• 070 

.146 

.070 
• 076 

AV[RAGE: TIME SPENf AT HIIS SrATION f'ER OPERAllON 

lOTAL TIME <MINUTES l 
I' FHJCESS UU; 
WAIT INa;; 

FR~oCllOII liF ll11E: X ITEMS AT STATION 

X "' 0 .9300 
X "' 1 .0'/00 
X " 2 .0026 

.375 
, 1 BO 
.1'15 

X lTEiiS EXCEEDED 

.0700 
• 0000 
UUI 

PER ITEM 

3,986 
1. 'i't e• 
2.1171 

•• 

N 
w 
ol:>o 



SENSITIVITY INFORMATION 

A ONE MINUTE DECREASE IN 
PRO~ESSING TihE AT STATION 

1 HllLD 
2 CAUS 
3 cu I 
4 .:.crD 
5 HIJ 

" PHOS 
7 cu II 
8 IIEUT 
9 SOAP 

10 PRY 
l 1 CRANE 

A ONE PERCENT DECREASE IN 
PROCESSING fii1E AT STATION 

1 HOLD 
2 CAUS 
3 Cl4 t 
4 ACID 
5 11W 
6 ?HOS 
7 cw II 
a NEUT 
9 SOAP 

10 DRY 
11 l:RANE 

,; ONE MINUTE DECREASE IN 
RELATIVE UTILIZATION AT STATION 

1 HOLD 
2 CAUS 
3 CW I 
4 ACID 
5 HW 
b i'HOS 
7 CW II 
8 I~EUT 
9 SOAP 

10 DRY 
1 t CRANE 

A DECREASE Oi . 01 IN THE 
PROPORTION OF PRODUCT TYPE 

LUBE 
PHO 
TrH 

A DECREASE OF .01 IN THE 
PROI'ORTIOU or PRODUCT TYPE 

LUBE 
PHO 
IRJ 

!JILL INCREASE THE 
PRODUCTION RATE 

. 136 UNITS/HOUI~ ( 6.2235 PERCENT 
. 136 Utli TS/HOUR ( 6.2189 PERCENT 
.237 IJNITS/HOUI~ (10.8042 PEf\CLNT 
.160 Ut~! 7:::/!iOUR 7.2934 PER GENT ) 

. 116 UNITS/HOUR 5.2934 PERGE.NT ) 
. 1'-::~ UIHTS/HOUR 5.i241 PEF<CENT ) 

.to a UNITS/HOUR 4.9142 Pt::f<CCNT ) 

. 104 Uti ITS/HOUR 4.7285 PCRCENT ) 

. t 1 'i' UNITS/HOUR 5.4320 PERCENT ) 

. 121 UNITS/HOUR 5.5387 PERCENT ) 

1.278 UNITS/HIJUR <58.2965 P€l<CCNT ) 

'-I ILL INCREASE THE 
PRODUCTION RATE 

.009 UNITS/HOUR ( .4176 PERCENT ) 

.o 09 UNITS/HOUR ( ,4154 P~r<CENT ) 

.002 UNITS/HOUR ( .0767 F'ERCENT ) 

.022 UNITS/HOUR ( . 991 '} PCRCEN·r ) 
, 00 I UNITS/HOUR ( .0381 PEl< CENT ) 

.oos UNITS/HOUR ( .3858 PEl~ GENT ) 

.001 UtHTS/HOUR ( ,0349 PEI'ICENT ) 

• 0 01 UNITS/HOUR . 0449 PER GENT ) 
.008 UIHTS/HOUP. .3C,23 PERCENT 
. oo;;; UNITS/HOUR . 1274 PERCENT 
.002 UNITS/HOUR . 1049 PE:rn::ENT 

WILL INCREASE THE 
PRODUCTION R.HE BY 

1,452 UNITS/HOUR <.:.6.2184 PERCENT ) 
1. 450 UtHTS/HOUR ( 66. 1688 PERCENT ) 

1. 260 UNITS/HOUR (57.4'784 PEl~ CENT ) 
1. 701 UNITS/HOUR (77.601<3 PERCENT ) 

1 , 235 UNITS/HOUR <56.3218 PEr< CENT ) 

1. 4'b r••: ITS/HOUR (65.4884 PEI~CEi'lT ) 

1.232 IJNITS/HOUt~ <56.2232 PEl~ CENT ) 

1.239 UNITS/HOUR <56.5292 PERCENT ) 

l . 424 UNITS/HOUR (64.9401 PERCENT ) 
1.292 UNITS/HOUR <58.9323 PERCENT ) 

1. 278 UNITS/HOUI~ (53.2965 PERCENT 

'-I ILL INCREASE THE 
f'RODUCTION RATE BY 

. 065 ITEMS/HOUR 2.9771 PERCEI~T ) 

I 055 ITEMS/HOUR ( 2.S195 PERCENT ) 
.045 ITEMS/HOUR ( 2. 0671 PERCEIH ) 

WILL INCREASE THE 
VALUE OF PRODUCTION PLAN BY 

,043 ITEMS/HOUR < 1,9771 PERCENT l 
.033 ITEMS/HOUR ( !,5195 PERCENT l 
:~23 ITEMS/HOUR ( 1.0611 PERCENT) 

235 



VITA ~ 

John Russell Lewis 

Candidate for the Degree of 

Master of Science 

Thesis: THE USE OF SIMULATION AND CAN-Q TO ANALYZE THE 
CLEANING AND LUBRICATING PROCESSES OF COLD DRAWN 
TUBING 

Major Field: Industrial Engineering 

Biographical: 

Personal Data: Born in Sioux City, Iowa, August 11, 
1959, the son of Thomas M. and Carolyn C. Lewis. 

Education: Graduated from West DePere High School, 
DePere, Wisconsin, in May, 1977; received Bachelor 
of Science Degree in Industrial Engineering from 
Oklahoma State University in December, 1983; 
completed requirements for the Master of Science 
Degree at Oklahoma State University in May 1985. 

Professional Experience: Teaching assistant, Depart
ment of Industrial Engineering, Oklahoma State 
University, January 1984 to May, 1984; consulting 
industrial engineer, Southwest Tube Manufacturing, 
Sand Springs, Oklahoma, June, 1981 to May, 1984. 


